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Figure 60: Sequential detections by zone of a mountain whitefish (Tag #
199; FL = 355) with the track ending in the Pine River. The
numbers in the circles indicate the number of times the fish was
detected in that zone.

Figure 61.: Sequential detections by zone of arainbow trout (Tag # 58; FL =
396) with the track ending in Lynx Creek. The numbers in the
circles indicate the number of times the fish was detected in
that zone.
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Figure 62: Sequential detections by zone of a rainbow trout (Tag # 33; FL =
309)) with the track ending in the Moberly River. The numbers
in the circles indicate the number of times the fish was detected
in that zone.

Figure 63: Sequential detections by zone of an Arctic grayling (Tag # 53;
FL = 350) with the track ending in the Peace River downstream
of Tea Creek. The numbers in the circles indicate the number of
times the fish was detected in that zone.
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Sequential detections by zone of an Arctic grayling (Tag # 68;
FL = 311) with the track ending in the Peace River downstream
of Tea Creek (same zone where fish first detected). The
numbers in the circles indicate the number of times the fish was
detected in that zone.

Figure 64:

Sequential detections by zone of a walleye (Tag # 2; FL = 434)
showing several upstream/downstream movements with the
track starting and ending in the Beatton River. The numbers in
the circles indicate the number of times the fish was detected in
that zone.

Figure 65:
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Figure 66: Sequential detections by zone of a walleye (Tag # 63; FL = 450)

with the track ending at the mouth of the Pine River. The
numbers in the circles indicate the number of times the fish was
detected in that zone.

Assessment of Fish Movements

A plot of the mean number of movements per fish for each of the tagged
populations by month shows a similar seasonal pattern for Arctic grayling,
rainbow trout and walleye over the period tracked (Figure 67). All three
species show a decline in movement during summer (June-August), with a
low in July when temperatures in the Peace mainstem ranged approximately
between 13 and 15°C. By September, the mean number of movements
detected for these species was similar to that observed in the period
preceding summer. The mean number of movements was highest for Arctic
grayling, rainbow trout, and walleye in May, September and October,
respectively. The movement of mountain whitefish was low in all months for
which there are data, but particularly in July and September which are based
on fixed-station data only.
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Figure 67: Mean number of movements detected per fish by species
monthly, Peace River, 2006. The mean values are equal to the
monthly total number of detections for each species divided by
the total number of fish.

A plot of the mean distance moved by species monthly (Figure 68) shows
that the mountain whitefish population generally moved relatively little,
compared with that of the other species. The occurrence of greatest
movement may be related to spawning, with the mean distance moved being
highest for Arctic grayling in March (~12 km), rainbow trout in March-April
(~6-7 km), and walleye in May (~12.5 km). A walleye migration up the
Beatton River was detected in the May mobile tracking survey. The
movement detected for all species was low in July and September, the
months in which no mobile tracking was done. In August and October, the
mean distances moved were at similar levels to those recorded in June.
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Figure 68: Mean distance moved by species monthly, Peace River, 2006

The range in movement was considerable for all species (Figure 69) although
particularly so for mountain whitefish (0 to ~300 km) because of the extensive
movement up the Halfway River. Movement of Arctic grayling and rainbow
trout ranged from 0 to ~180 km, and walleye from 0 to ~200 km. The median
distance moved by each of these tagged populations is lowest for rainbow
trout (7.4 km) and highest for walleye (57.9 km), whereas that of mountain
whitefish and Arctic grayling are intermediate being 17.1 km and 36.1 km,
respectively. Variation in movement was least for rainbow trout, as is evident
by the narrow range of the percentile box, intermediate for mountain
whitefish, and greatest for Arctic grayling and walleye.
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Figure 69: Observed distances moved by species, Peace River, 2006.
Diamonds indicate medians, boxes enclose the 25" to 75™
percentiles, and vertical lines extend from minimum to
maximum observed values.

A plot of movements since last detection by species (Figure 70) clearly shows
that movement was not unidirectional; upstream and downstream movements
were not recorded in similar proportions for most species. The percentage of
fish within each of the tagged populations that only moved downstream
amounted to 1.7% for walleye, 5.2% for mountain whitefish, 6.1% for Arctic
grayling, and 12.5% for rainbow trout. Overall, movement is least for rainbow
trout, with relatively few detections at distances >10 km in either direction.
For both Arctic grayling and mountain whitefish, the bulk of movement
detected <20 km in either direction, although the range in distance is
considerably greater downstream than upstream. The distribution of walleye
movement is evenly spread in both upstream and downstream directions,
with the range in movement being similar in either direction (~100 km).
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Figure 70: Plots of movements since last detection of individual fish by species over the duration of study, Peace

River, 2006. Upstream movements are shown as positive, downstream movements as negative, on the Y-

axis
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Assessment of Fish Movement Past Site C

An estimate of the percentage of each of the tagged populations moving past
Site C is presented in Figure 71. The percentage of Arctic grayling (67%)
passing Site C is significantly (P < 0.05) greater than that of all three other
study species. The percentage of mountain whitefish (34%) is significantly
greater (P < 0.05) than that of both rainbow trout (13%) and walleye (5%).
There is no statistical difference in site C passage between rainbow trout and
walleye.
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Figure 71: Percentage of tagged population by species moving past Site C

(based on release, fixed station, and mobile tracking data),
Peace River, 2006. The error bars reflect SE of the mean and are
not related to the statistical test used

Some movement of fish past Site C was recorded in all months (Figure 72),
although the largest numbers of fish were in the area from May to July. Large
numbers of Arctic grayling movements were missed in February and March.
These fish were tagged and released upstream of Site C (Cache Creek and
Lynx Creek) in September 2005, passed the fixed-station before it was
installed, and were first detected downstream of Site C during mobile surveys
in the early winter of 2006. Walleye detections were infrequent and limited to
the period from May to August. The numbers of rainbow trout detected in the
area were similar among months in which movement was detected. The lack
of pre-June detections of mountain whitefish is an artefact of the sampling
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whitefish were released in June 2006, and were therefore not

available to be detected in any prior month.
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Figure 72 Number of radio-tagged fish detected at or moving past the
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fixed-station receiver near Site C, by species and by month.
The hatched areas represent fish that moved past Site C without
being detected on the fixed-station receiver.
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DISCUSSION
The discussion below is divided into five sections. These include:

e A synthesis of the results of the spring hoop netting and summer juvenile
rearing surveys, and the first year of tracking of radio-tagged fish in the
Peace River to describe what was learned regarding the utilization of
Peace River tributaries by Peace River fish.

e A discussion of movements of walleye, mountain whitefish, Arctic
grayling, and rainbow trout in the Peace River mainstem based on the
first year results of the Peace River radio telemetry program.

o An assessment of the habitat utilization by rearing juveniles in the Peace
River tributaries.

e An assessment of the effectiveness of hoop nets to monitor spring
spawning runs and the feasibility and likely effectiveness of larval drift
nets to help identify critical spawning areas in Peace River tributaries.

e A discussion of the limitations of the 2006 hoop netting, juvenile rearing,
and radio telemetry studies.

Fish Utilization of Peace River Tributaries
Sportfish

Arctic Grayling

Arctic grayling spawn and rear in the Moberly River and the Moberly River
likely contributes more to the annual recruitment of the Peace River Arctic
grayling population than any other tributary upstream of the proposed Site C
dam. In 2006, adult and ripe Arctic grayling were captured moving into the
Moberly River in spring and young-of-the-year Arctic grayling were captured
in summer, albeit in low numbers (< 3 fish). Adult Arctic grayling were not
captured in any other tributary in spring 2006 and young-of-the-years were
not captured in any other tributary in summer. These results are similar to
previous studies which found the largest numbers of Arctic grayling moving
into the Moberly River in spring than in any other Peace River tributary (ARL,
1991b; RRCS, 1978). Small upstream movements of Arctic grayling have
also been previously observed in Farrell, Lynx, and Maurice creeks (RRCS,
1978). The absence of Arctic grayling in the hoop net catches in spring 2006
may be due to fish moving upstream during the early spring freshet which
occurred one month before hoop nets were installed in May. While we
cannot say definitively that Arctic grayling spawning did not occur in any of
these smaller tributaries in 2006, the absence of adult Arctic grayling in the
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spring electrofishing surveys and the absence of young-of-the-years in
summer suggests strongly that these creeks were not used extensively by the
Peace River Arctic grayling population, if they were used at all.

A young-of-the-year Arctic grayling was captured in the upper reach of the
Moberly River indicating that some Arctic grayling spawning occurs above the
zone of inundation. It is unclear whether this fish was a progeny of upstream
migrants from the Peace River or from a resident population that may exist in
the Moberly River. However, the movement of two radio-tagged adult Arctic
grayling into the upper reach of the Moberly River in May suggests that some
portion of the Peace River Arctic grayling population utilizes spawning and
rearing habitat in the upper reach of the Moberly River each year. The
presence of young-of-the-year Arctic grayling in the lower reach of the
Moberly River suggests that Arctic grayling may also spawn below the zone
of inundation. Suitable spawning habitat is present in this lower reach
(AMEC and LGL, 2006a) but it is also possible that these fish may be
spawned in the upper reach then drift downstream before finding suitable
rearing habitat. Given that these YOY fish were found approximately 8 km
downstream from the line of normal reservoir operation, this seems less likely
than if they were spawned in the lower reach.

A resident population of Arctic grayling exists in the upper Halfway River and
is known to spawn and rear in upper Halfway River tributaries (ARL 1997).
Tracking results from radio-tagged Arctic grayling in the upper Halfway River
suggest that most of these fish remain in the upper Halfway River year-round
and very few move downstream to the Peace River (AMEC and LGL, 2006b).
Although the hoop net in the Halfway River was fishing only a small portion of
the river, and was not fishing for the entire spring sampling period, the
absence of Arctic grayling in the spring hoop net catch and the observation
that no radio-tagged Arctic grayling moved from the Peace River into the
Halfway River in 2006 suggests that the Halfway River is probably not an
important spawning tributary for Arctic grayling in the Peace River. Initial
radio-telemetry data indicate that the Pine River may be utilized more by
Peace River Arctic grayling than the Halfway River.

Bull Trout

Few bull trout moved into tributaries in spring, which was not unexpected
given that bull trout are fall spawners and are generally rare in the Peace
River. Most of the bull trout captured (8 of 11 fish) were juveniles moving into
Lynx and Maurice creeks, suggesting that both creeks provide rearing habitat
for bull trout. The single bull trout in the Halfway River was a large (581 mm)
adult. Bull trout have been captured previously in the Halfway River (RRCS,
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1978; ARL, 1991; R.L.&L., 1991a,b; AMEC and LGL, 2006b) and as the radio
telemetry program conducted by the BC Ministry of Environment (AMEC and
LGL, 2006b) has shown, the Halfway River appears to support a population
of bull trout that moves between the Halfway and Peace Rivers for spawning
and overwintering.

Burbot

The movement of 11 burbot into the Halfway River in spring 2006 was
surprising given that burbot are relatively rare in the Peace River and
because burbot spawn in mid-winter (Scott and Crossman, 1973) and had
finished spawning before hoop net were installed. Burbot have been
captured previously in the Halfway River as well as in the Moberly River and
Lynx Creek (RRCS, 1978; ARL, 1991a; AMEC and LGL, 2006a) but always
in low numbers. The upstream movement of burbot observed in the Halfway
River in spring 2006 may represent a foraging migration or localized
movements of burbot concentrated near the Peace River/Halfway River
confluence.

Mountain Whitefish

Young-of-the-year mountain whitefish were captured in the Moberly River,
and in Cache, Farrell, Lynx, and Maurice creeks in summer 2006 indicating
that mountain whitefish successfully spawned in each of these tributaries in
fall 2005. Young-of-the-year mountain whitefish were captured in greatest
numbers in Lynx and Maurice Creeks in 2006. The utilization of these
tributaries by spawning mountain whitefish is supported by previous studies
which found mountain whitefish to be the most common large-bodied fish
species observed in fall in the Moberly River, the Halfway River, Cache
Creek, Lynx Creek, and Maurice Creek in fall 2005 (AMEC and LGL, 2006a)
and in the Moberly River in fall of 1989 (ARL, 1991a) and in Farrell and Lynx
creeks in fall 1974 (RRCS, 1978). The purpose of the movement of adult
mountain whitefish into the Moberly River in spring 2006 is unclear but may
be movement of foraging fish.

Mountain whitefish YOY were captured in the lower reach, below the line of
inundation, in Lynx, and Maurice creeks and in the Moberly River in 2006.
These fish could have been spawned in the lower reach or may have drifted
downstream after hatching in the upper reach of each of these tributaries.
This is less likely to have occurred in the Moberly River given that the lower
reach sampling sites were located approximately 8 km downstream from the
line of inundation. The only YOY mountain whitefish captured in Farrell
Creek was found in the upper reach indicating that some portion of the
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mountain whitefish population spawn above the potential upstream limit of the
proposed Site C reservoir in that creek.

The contribution of smaller Peace River tributaries (i.e., Lynx, Farrell,
Maurice, and Cache) to the annual recruitment of the Peace River mountain
whitefish population is likely to be highly dependent on flow conditions. In
July 2006, most of the YOY mountain whitefish captured in the smaller creeks
were found in isolated pools and were unable to drift downstream to the
Peace River. Water temperatures in these pools were often well above 20°C
in July and, although none of these creeks were monitored after the end of
July, it is highly probable that most, if not all, of these fish died due to high
water temperatures and continued entrapment in the pools due to low water
levels until freeze-up (based on hydrographs in the Moberly and Halfway
Rivers). It is unknown what percentage of the total number of YOY mountain
whitefish in each creek drifted downstream before low flows precluded out-
migration to the Peace River in 2006.

The Halfway River is used by mountain whitefish for spawning and may
contribute substantially to the annual recruitment to the Peace River
population. Large numbers of spawning mountain whitefish were found in the
Halfway River in fall 1989 and the highest numbers of larval mountain
whitefish were found downstream of the Halfway River in the Peace River the
following spring/summer (R.L. & L., 1991a, b). Low numbers of larval
mountain whitefish were found throughout the Peace River mainstem in
summer and fall during small fish surveys conducted in 2000 (R.L. & L.,
2001). Despite these low numbers, mountain whitefish continue to be the
most abundant sportfish in the Peace River. This suggests strongly that
mountain whitefish in the Peace River rely heavily on recruitment from
tributaries (R.L., & L., 2001) and in particular, the Halfway River. Preliminary
tracking data from radio-tagged fish supports the importance of the Halfway
River to mountain whitefish. Although based on a short tracking period, a
large number (62) of detections of radio-tagged mountain whitefish occurred
near the mouth of the Halfway River and 13 detections were made in the
Halfway River itself, including the detection of five fish as far as 50 km
upstream at the confluence of the Graham River (possible movement of
predatory bull trout). These data suggest that mountain whitefish use the
upper tributaries of the Halfway River for spawning although capture of
young-of-the-year fish has yet to confirm this contention. It is currently
unknown what contribution the Pine River makes to the Peace River
mountain whitefish population. Three radio-tagged mountain whitefish moved
into the Pine River in 2006.
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Rainbow Trout

In spring 2006, rainbow trout were the second most common sportfish
captured in the tributaries and were found almost exclusively in Maurice,
Lynx, and Farrell creeks, the three creeks closest to the Peace Canyon Dam.
Although no young-of-the-year rainbow trout were captured in summer 2006,
spent rainbow trout have been previously captured in Lynx Creek and in
Maurice Creek (ARL, 1991b) indicating that both creeks are used by rainbow
trout for spawning. Juvenile (1+) rainbow trout were captured in Lynx and
Maurice Creeks in summer 2006. This concentration of rainbow trout in the
upper Peace River is supported by the first year of radio-tagging data which
found that most tagged rainbow trout remained upstream of the Halfway
River throughout 2006.

The 2006 data are similar to previous surveys which found rainbow trout to
be most abundant in Lynx and Maurice Creeks where they were often found
to be the most abundant large-bodied fish species captured. Most (90%) of
rainbow trout captured in fall 2005 were found in Lynx and Maurice Creeks
(AMEC and LGL, 2006a). Similarly, large numbers of young-of-the-year and
juvenile rainbow trout were found in Lynx and Maurice Creeks in fall of 1989
(ARL, 1991a). Density of juvenile rainbow trout was higher in Maurice Creek
(30 fish/100 m?) than in Lynx Creek (7 fish/100 m?) but absolute numbers
were higher in Lynx Creek (86 fish) than in Maurice Creek (34 fish) (ARL,
1991a). A resident population of rainbow trout is believed to be present in
Lynx Creek above the canyon section approximately 4 km upstream from the
creek mouth and in Brenot Creek, a Lynx Creek tributary (RRCS, 1978).

Walleye

Walleye were not captured in any Peace River tributary during spring and
summer sampling in 2006. This result is not unexpected because walleye
are known to be found primarily downstream of the Pine River confluence
(R.L. & L., 19914, b; R.L. & L., 2001; P & E, 2002; Mainstream Aquatics
2004, 2005, 2006) and become increasingly more abundant in moving
downstream into Alberta (Hillebrand, 1990; R.L. & L., 2000). Walleye were
not captured in any of the tributaries sampled upstream of the Pine River in
fall 2005 (AMEC and LGL, 2006a), or between 1974 and 1977 (RRCS, 1978).
A pair of spawned out adult walleye were captured in Farrell Creek in spring
1989 (ARL 1991a) but it is unclear where these fish spawned. Based on
evidence from all other surveys and the current radio telemetry program, it is
far more likely that these fish spawned in the Beatton River and then moved
upstream to Farrell Creek rather than actually spawning in Farrell Creek.
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The Beatton River appears to be the primary spawning location for walleye in
the Peace River upstream of the BC/Alberta border. Approximately half of
the radio-tagged walleye had moved into the Beatton River in May,
presumably to spawn, and some of these walleye had moved as much as 20
km upstream. Most of these fish had moved back to the Peace River by June
and were either located at the mouth or had moved downstream of the
Beatton River, some as far downstream as Dunvegan, Alberta.

Non-Sportfish

Longnose Sucker

In 2006, longnose sucker were the most common fish captured moving into
all of the Peace River tributaries sampled with the exception of the Moberly
River where it was second only to northern pikeminnow. Most of these fish
were mature or ripe adults and these data, combined with the presence of
large numbers of young-of-the-year longnose sucker in summer, indicate that
longnose sucker spawn in all tributaries upstream of the proposed Site C
dam. The current findings are similar to previous studies which also found
spawning longnose sucker to be the most abundant fish species captured in
Lynx and Maurice creek fish fences in spring 1990 (ARL, 1991b) and in all
tributaries sampled between 1974 and 1977 (RRCS, 1978). Juvenile
longnose sucker were typically the first or second most abundant fish
captured in spring and fall electrofishing and beach seine surveys in 1989
and 1990 (ARL, 1991a, b).

Young-of-the-year longnose suckers were found in all habitat types in the
upper and lower reaches of the Moberly River in summer of 2006 but were
found in significantly higher abundance in the upper reach. These data
indicate that longnose sucker spawn above and below the normal proposed
operating level of the Site C reservoir. While the difference in abundance
between upper and lower reaches may be confounded by slight but
potentially important differences in habitat sampled (e.g., greater pool depth
in the lower reach), the greater abundance of YOY longnose sucker in the
upper reach suggests that more longnose sucker spawning occurs above the
zone of inundation. This argument is made stronger when the effect of
downstream drift of larval fish should increase the abundance of YOY
longnose sucker in downstream reaches. Additional years of juvenile rearing
sampling are needed to confirm this contention. A larval drift survey with drift
traps located at different locations in the Moberly River would be best to
determine the most likely spawning locations.
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Young-of-the-year longnose sucker were also captured above the normal
operating level of Site C reservoir in Cache, Farrell, Lynx, and Maurice
Creeks. This included the presence of YOY longnose sucker in Red Creek,
an upstream tributary of Cache Creek. Much greater numbers of YOY
longnose suckers were captured in Cache and Farrell creeks than in Lynx or
Maurice creeks. High numbers of YOY and juvenile longnose sucker were
captured in Lynx and Maurice creeks in June 1990 (ARL, 1991b).

Despite high numbers of YOY captured, it is likely that the contribution of
smaller Peace River tributaries, especially Farrell and Cache, to the annual
recruitment of the Peace River for longnose sucker population is highly
dependent on flow conditions. In July 2006, most of the YOY longnose
suckers captured in the smaller creeks were found in isolated pools and were
unable to drift downstream to the Peace River. Water temperatures in these
pools were often well above 20°C in July and, although none of these creeks
were monitored after the end of July, it is highly probable that many of these
fish died due to extreme water temperatures and continued entrapment in the
pools due to low water levels until freeze-up (based on hydrographs in the
Moberly and Halfway Rivers). It is unknown what percentage of the total
number of YOY longnose suckers in each creek drifted downstream before
low flows precluded out-migration to the Peace River in 2006.

Northern Pikeminnow

In spring, northern pikeminnow move into all the study tributaries to spawn.
The number was highest (>25) in the Moberly River, Halfway River, and
Farrell Creek. Many of the fish captured in these tributaries in spring 2006
were ripe adults suggesting that the hoop netting survey was conducted near
the peak of the spawning runs. Young-of-the-year northern pikeminnow were
captured only in Farrell Creek during summer juvenile surveys and provide
the only positive confirmation that northern pikeminnow successfully spawned
in any of the Peace River tributaries. Smaller movements of northern
pikeminnow occurred in Cache and Lynx creeks in spring 2006.

Northern pikeminnow (formerly northern squawfish) were previously captured
moving upstream in Lynx Creek in spring 1990 (ARL, 1991b) and in similar
numbers to that observed during the current study. Northern pikeminnow
were not captured in Maurice Creek in spring 1990 (ARL, 1991b).
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Redside Shiner

Upstream migrations of redside shiner in Cache, Lynx, and Farrell creeks and
in the Halfway River were observed in spring 2006. Many of these fish were
in spawning colors and the timing of their movements coincided with water
temperatures appropriate to initiate spawning. In addition, YOY redside
shiners were captured in Farrell and Cache creeks. Redside shiners were
captured in Cache Farrell, Lynx, and Maurice creeks in spring 1989 (ARL,
1991a) and were the most abundant minnow species captured in the Moberly
River and in Farrell Creek in fall 1989 (ARL, 1991a). Only two redside
shiners were captured in Lynx creek in spring 1990 (ARL, 1991b).

Spottail Shiner

A single spottail shiner was captured in the Halfway River in 2006. Spottalil
shiner is a red listed species in British Columbia meaning they are at risk of
extirpation and/or critically imperiled. This species has not been recorded in
the Halfway River or any other Peace River tributaries in previous studies
(AMEC & LGL 2006a, ARL 1991a, b; R.L. & L., 19914, b; RRSC 1978). They
were also absent from the Peace River mainstem in 1989 and 1990 (R.L. &
L., 1991a, b). However, spottail shiner were found in all four zones of the
Peace River mainstem (upstream of Maurice Creek; between Lynx Creek and
Farrell Creek; between the Halfway River and Cache Creek; and between the
Beatton and Kiskatinaw Rivers) sampled in 1999 (R.L. & L., 2001).

Fish Movements in the Peace River

It is premature to draw any firm conclusions about the movements of the
tagged sportfish populations in the Peace River system with only one year of
radio-tagged fish tracking completed. However, some generalities can be
made with reasonable confidence for those movements which are similar to
movements found in previous studies.

Rainbow trout moved relatively little overall in the Peace River and were
generally found upstream of the Halfway River. A small number of tagged
rainbow trout moved downstream as far as the Beatton River but it is unclear
at this time whether these fish represented a real downstream migration or
were dead fish drifting downstream or fish eaten by another species. Similar
to rainbow trout, Arctic grayling moved very little in the Peace River mainstem
and movements were generally concentrated between the Halfway and Pine
rivers. Our findings to date on the movement of rainbow trout and Arctic
grayling in the Peace River are similar to those of R.L. & L (1991a, 1991b),
who reported that the rainbow trout and Arctic grayling populations appeared
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to make only localized movements and were generally located in similar
reaches of the river.

R.L. & L. (1991a, b) reported that a portion of the mountain whitefish
population underwent a spawning migration from the Peace River mainstem
into the Halfway River in autumn. To date we have only four months of
tracking of radio-tagged mountain whitefish in the Peace River and more
definitive results will not be available until next year. However, five mountain
whitefish tagged in the Peace River moved into the Halfway River in August,
some as far as 50 km upstream to the confluence of the Graham River.
While it is possible that these fish were eaten by bull trout that are known to
migrate to headwater tributaries of the Halfway River in fall to spawn, these
fish corroborate R.L. & L.’s (1991a, b) earlier results and suggest strongly
that a portion of the Peace River mountain whitefish population use the
Halfway River for spawning.

Mountain whitefish appear to move less than walleye, rainbow trout, or Arctic
grayling in the Peace River. This species appears to make only localized
movements (mean of 2 km) within the Peace River mainstem with most fish
located between Farrell Creek and Beatton River. Ongoing mark and
recapture studies of the Peace River mountain whitefish population during
late summer for the Large River Fish Indexing Program (P & E, 2002;
Mainstream Aquatics 2004, 2005, 2006) also suggest that mountain whitefish
do not move considerable distances between years (B Gazey, pers. comm.).

Preliminary radio telemetry results appear to corroborate the previously
documented upstream movement of walleye from the mouth of the Beatton
River to the mouth of the Moberly River in summer. Most of the radio-tagged
walleye remained in the vicinity of the Beatton River or moved downstream to
Alberta. However, three walleye were detected at the mouth of the Moberly
River in May 2006 and had moved upstream sometime between fall 2005
when they were tagged and spring 2006 when they were detected. A similar
upstream movement of walleye was observed in 1989 when four Floy-tagged
walleye were recaptured in the mouth of the Moberly River in summer (R.L. &
L., 1991a). All walleye which exhibited upstream movement in 1989 and
1990 were originally tagged at the mouth of the Beatton River and the
average distance traveled by these fish was 30 km (R.L. & L., 1991b). The
two spawned-out walleye found in Farrell Creek in 1989 (ARL, 1991a)
suggests that some walleye migrate up to 100 km in the Peace River. This
migration appears to reverse in fall as a number of walleye tagged at the
Moberly River and at Farrell Creek in summer were then recaptured at the
Beatton in fall (R.L. & L., 1991a, b). The purpose of this upstream migration
is unclear but is likely a foraging migration of post-spawned fish moving to the
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Moberly River mouth to feed on congregations of spawning Arctic grayling,
longnose sucker, and smaller minnows. Regardless of its purpose, these
data confirm that a small portion of the walleye population at the Beatton
River move upstream past the proposed Site C dam and it is very likely that
this movement occurs every year. The current radio telemetry data provide
no evidence of walleye migrating upstream further than the Moberly River.

Radio telemetry results from February tracking indicate that none of the
walleye, Arctic grayling, or rainbow trout moved upstream from where they
were tagged in September 2005. With the exceptions of a single Arctic
grayling in the Pine River, and several walleye in the Beatton River near the
mouth, all fish remained in the Peace River mainstem during the winter. Most
of the tagged fish were still in the Peace River mainstem in March and April,
which is expected because the tributaries were still frozen over in March.
The only exception is an Arctic grayling that moved into the Pine River
between the February and March tracks and this fish was followed by two
more Arctic grayling into the Pine River in May, one as far upstream as the
Murray River confluence. Spawning Arctic grayling move soon after ice-out
and the movement of these fish suggest that some Arctic grayling that
overwinter in the Peace River use the Pine River and its tributaries for
spawning. It remains unclear what portion of the Arctic grayling population
that overwinter in the Peace River is comprised of Pine River migrants and
whether genetically discrete populations of Arctic grayling exist in the Peace
and Pine Rivers.

The most notable movement detected in spring was walleye moving into the
Beatton River in early May. These fish were captured, tagged and released
mainly within the vicinity of the Beatton River mouth in September 2005
where they appear to remain congregated until their migration upstream to
spawn. By June, most walleye had returned to the Peace mainstem with a
large proportion (50% of detected individuals on June 20) found moving out
of the Beatton and some as far downstream as Dunvegan, Alberta, a
distance of 115 km. Walleye begin to congregate again at the Beatton River
mouth by August and by late October, many of the walleye that have moved
downstream as far as Alberta returned, presumably to overwinter. From
autumn through to spring, a large proportion of the radio-tagged walleye
population was found holding in the vicinity of the Beatton River mouth. Most
of the walleye tagged in 1989 and 1990 were recovered from the mouth of
the Beatton River (71% of tag returns) which reflects the importance of this
habitat to walleye, and also to the high degree of sampling intensity in this
area (R.L. & L., 1991b). Similarly, 94% of all walleye captured for tagging in
fall 2005, were found in the Peace River reach between the Pine and Beatton
rivers (AMEC and LGL, 2006a).
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Besides the three Arctic grayling that moved into the Moberly River and the
four Arctic grayling that moved into the Pine River in spring, we are currently
not able to say where most of the tagged Arctic grayling spawn. Most of the
radio-tagged population remained in the Peace mainstem but were not
observed congregating in any particular location in spring. Some of these
tagged fish may have moved into other tributaries to spawn as fewer tagged
Arctic grayling were detected in the Peace River mainstem in May and June
than in earlier and later surveys. These movements may have gone
undetected because our mobile tracking surveys occurred only once a month
in spring and because installation of the fixed station receivers did not occur
until the second week of April. Arctic grayling are known to move soon after
ice break-up in some systems (Tripp and McCart 1974, Blackman 2002, and
others). Therefore, because the initial spring run-off began in late March in
2006, it is entirely possible that a number of these tagged fish moved into the
tributaries, spawned, and moved back to the Peace River between mobile
tracking flights and before fixed stations were installed. It is also possible that
these fish did not spawn in spring 2006 due to the stress of being implanted
with radio-tags the previous fall.

Larval Drift Netting Feasibility

Larval drift netting could be an important part of future fish utilization studies
in the Peace River tributaries because it can provide more conclusive
evidence regarding the location of spawning areas than can the capture of
adults in hoop nets and juvenile electrofishing in summer. However, larval
drift netting can be very labour intensive if the amount of drifting debris and
the species diversity of drifting fish in the tributaries is high. High debris loads
substantially increase the amount of time necessary to sort through the debris
to find larval fish. The amount of debris captured in the nets can be
minimized by reducing the net soak times but this also reduces the probability
of catching fish. Most larval fish drift at night so it is optimal to set nets
overnight or at least during the early evening or early morning. Large
numbers of different species can make identification and enumeration of fish
difficult and time consuming. This is especially true if there are numerous
species from different families of fish (e.g., suckers and minnows) present
and spawning in the streams. For these reasons, one of the objectives of the
2006 study was to determine the level of effort required, the feasibility, and
likely effectiveness of running a spring larval drift program in the Peace River
tributaries.

Although based on relatively few individual net sets, results from the 2006
pilot study indicate that larval drift nets were effective at catching larval fish in
the Peace River tributaries and that the time required to sort through debris
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and find larval fish was relatively short. Larval fish were only found in
Maurice and Farrell creeks but the absence of larval fish in the drift nets set in
Lynx and Cache creeks and in the Halfway River does not necessarily,
indicate that the nets were ineffective in these other tributaries. Nets were
set only twice in these tributaries, usually for less than 6 hours, and never
overnight. Therefore, the probability of catching fish in these tributaries was
very small. In the Halfway River, this probability was even smaller as it was
not possible to set nets in the thalweg of the river. Fishing multiple nets over
the duration of the spring freshet recession would increase the probability of
catching fish considerably.

Debris levels were lowest in Maurice Creek and nets could be fished
efficiently overnight. Debris levels were higher in the other four tributaries
and it is less likely that drift nets could be set overnight in these tributaries
without nets blowing out or, at a minimum, significantly reducing fishing
efficiency. As with any larval drift program, the duration of soak times in all of
the tributaries would need to be monitored continuously and adjusted as
necessary to balance fishing efficiency with logistical constraints posed by
increasing net check frequency.

The Halfway River and the Moberly River pose additional constraints to a
larval drift program due to their greater depth and width and higher
discharges. While it may be impossible to ever fish larval drift nets in the
thalweg of either river in spring, this net still may capture larval fish and
gather important information regarding the species of fish using this
tributaries for spawning, the timing of outmigrations, and the location of
spawning sites. This is because the number of larval fish drifting downstream
is typically very large and the likelihood of fish being captured in nets even
along the periphery of the rivers is high.

Drift nets in 2006 were set at the end of the hoop netting program on the
receding limb of the spring freshet. Spring flows in 2006 were lower than the
10 year average. Drift nets could be set earlier as water levels rose and
peaked in future years but the ability to fish nets in the thalweg, where larval
fish are most likely to drift, throughout the spring freshet in higher flow years
is likely to be challenging. As mentioned above for the Halfway and Moberly
rivers, higher flows will limit the proportion of the channel and the locations
that can be sampled with larval drift nets. Although difficult to maintain nets
in the thalweg, larval drift nets remain a useful method for Peace River
tributary studies in higher flow years because larval drift nets provide the best
indication of spawning success and spawning site locations for different
species using the tributaries for spawning. Larval fish tend to drift in high
numbers once hatched and, even if fishing efficiency is lower than optimal,
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the presence of even small numbers of larval fish can provide information that
answers both of these objectives.

In summary, based on 2006 flows, larval drift netting is a feasible and
effective method that has the potential to determine the spawning success
and spawning locations for species utilizing Peace River tributaries. Most
importantly however, larval drift nets, if used at different locations in each
tributary, can provide much more definitive evidence regarding the spawning
site locations. This will be particularly important for the impact assessment
for Site C dam because the dam has the potential to inundate the lower
reaches of tributaries known to be used by Peace River fish for spawning.

Juvenile Rearing Habitat

Two objectives of the summer juvenile rearing program were to determine if
there were any differences in the density of juvenile fish in different habitat
types (e.qg, runs, riffles, pools) and to determine if there were any differences
in the density of juvenile fish above and below the proposed normal operating
water level of the Site C reservoir in each upstream tributary.

Initially, triple pass electrofishing surveys were proposed to compare the
density of juveniles among habitat types and locations. However in the field,
flow conditions and the incredibly high number of YOY minnows and
cyprinids made triple-pass surveys challenging. During analysis of the triple
pass data, it was determined that the assumptions of the triple pass density
estimates were often violated (Zippin 1958), so habitat and site comparisons
in this study were mostly based on the catch-per-unit-effort abundance
estimates from single pass electrofishing.

In general, fish were more abundant in runs and least abundant in riffles,
although habitat use by species varied among tributaries. In Farrell Creek,
the abundance of fish was consistently highest in runs for all the sucker and
minnow species. In Lynx Creek, juvenile longnose suckers and northern
pikeminnow were significantly more abundant in pools than in runs or riffles.
In contrast, there were no significant differences in the abundance of any
species by habitat type or reach in Cache and Maurice creeks. In the
Moberly River, longnose dace and slimy sculpin were significantly more
abundant in riffles than in pools or runs. Most notably, young-of-the-year
longnose sucker were found in all tributaries sampled and in those tributaries
where their density was highest (i.e., Cache Creek, Farrell Creek), YOY
suckers were found in all three habitat types in relatively equal abundance.
Water levels in Cache and Farrell creeks were so low that fish were highly
concentrations in any available habitat.
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In most tributaries, there was no significant difference in the abundance of
fish captured between upper and lower reaches. The only exceptions to this
were, in Moberly River, where habitats in the abundance of YOY suckers was
significantly higher in the upper reach than in the lower reach, and in Farrell
Creek, where YOY suckers, longnose dace, lake chub and northern
pikeminnow were all significantly more abundant in the lower reach than in
the upper reach. Sample sizes for the sportfish and sculpin species were too
small to draw meaningful comparison among habitat types, between reaches,
and among tributaries.

The abundance of juvenile fish in the Moberly River was lower than the other
tributaries and was primarily due to the relative paucity of YOY suckers and
minnows in comparison to the other creeks. There are three probable
reasons for this difference in summer CPUE between the Moberly River and
the smaller creeks. First, and probably most important, all of the sites
sampled in the Moberly River had flow and, unlike many of the sites sampled
in the smaller tributaries, did not include isolated pools which tended to
concentrate fish in summer. Second, the Moberly River is much larger than
any of the other creeks sampled and, therefore, its pools were deeper and its
runs and riffles had higher velocities making sampling less effective. Third,
the deeper, faster flowing water precluded the use of block nets. For these
reasons, it is not surprising that CPUE was lower in the Moberly River than in
the smaller creeks and a comparison between the Moberly River and the
other creeks may be misleading.

The Moberly River had the highest species diversity of any tributary sampled.
This higher diversity is likely related to differences in flow between the
Moberly River and the creeks in two ways. First, the large size and flow of
the Moberly River likely creates a greater diversity of habitats, including a
number of unique habitats (i.e. backwaters and sidechannels) that are not
present in the smaller tributaries. Summer flows in the Moberly River
maintains, or only slightly reduces, this diversity of habitats. In 2006, the
availability of different habitats was severely restricted in the smaller creeks
and it was often difficult or impossible to find enough sites of each habitat
type to sample. Second, water temperatures in the isolated pools and runs in
the creeks were generally always greater than 25°C during the July survey
and these temperatures (and associated oxygen concentrations) were likely
too high for many species, particularly juvenile salmonids such as Arctic
grayling or mountain whitefish. Water temperatures were high (>20°C) in the
Moberly River in summer 2006 as well, but the ability of fish to find refuge in
deeper pools and runs was greater. Flow conditions in the spring and
summer of 2006 were particularly low in comparison to the past 10 years and
it is possible that habitat diversity may be greater and the frequency of
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isolated pools with extreme water temperatures may be lower in the creeks in
wetter years.

Young-of-the-year lake chub were the only species found in the isolated
pools of Wilder Creek in summer 2006. It is unlikely that many of these fish
would have survived the summer as water temperatures likely exceeded
25°C in these pools and water levels only continued to recede until freeze-up
preventing downstream escapement.

Large numbers of adults moving upstream in spring coupled with the huge
numbers of YOY fish observed in summer provide clear evidence that Cache
Creek provides important spawning and rearing habitat for longnose suckers
and many minnow species, primarily redside shiner, northern pikeminnow,
and longnose dace. The habitat in this tributary is not well suited for
salmonid spawning because clean gravel is rare (AMEC & LGL 2006a) so it
is not surprising that salmonids were not captured moving upstream to spawn
during the spring. However, small numbers of YOY mountain whitefish were
collected in the lower reach of Cache Creek in spring and summer. All of
these YOY fish were collected in the lower reach suggesting they either
drifted downstream from the upper reach to the lower reach, they were
spawned in the lower reach or they moved into Cache Creek from the Peace
River mainstem.

Cache Creek had extremely low flow at the time of the summer survey and
most of these fish were captured in isolated pools. It is expected that the
overall recruitment of YOY from Cache Creek is limited by high water
temperatures and low flow. The percentage of the total 2006 year class in
Cache Creek that moved downstream to the Peace River before or after the
low water period in July is unknown.

It was not possible to access areas of Red Creek above the inundation level
because of the presence of a very large beaver dam. However, given the
size and obvious longevity of the dam, it is likely that this dam is and has
been acting as a temporary barrier to upstream movement of fish in Red
Creek. Below the beaver dam, Red Creek had a lower abundance of fish
than in upper Cache Creek however the species composition was similar.
Young-of-the-year suckers were captured in Red Creek which indicates that
adult suckers moved at least 4 km up Cache Creek to spawn in Red Creek.

Like Cache Creek, Farrell Creek had large numbers of YOY suckers and
minnows suggesting that it is an important tributary for the production of
these species in the Peace River. Significantly more fish were captured in
the lower reach of Farrell Creek than the upper reach for most species
present. However, one mountain whitefish was captured in a pool in the
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upper reach indicating that some mountain whitefish spawn in Farrell Creek
above the potential zone of inundation. The abundance of YOY suckers was
significantly higher in the lower reach of Farrell Creek than in the upper reach
and this suggests that adults prefer to spawn closer to the mouth of Farrell
Creek or that YOY suckers are drifting downstream and prefer to rear in the
lower reach. Farrell Creek had extremely low flow at the time of the summer
survey and many of these fish were captured in isolated pools. Itis unknown
what percentage of the total 2006 year class of fish spawning in Farrell Creek
managed to escape downstream to the Peace River before July.

In Lynx Creek, YOY longnose suckers and northern pikeminnow were
significantly more abundant in pools than in other habitat types and longnose
suckers were similarly abundant in upper and lower reaches. There were no
significant differences in abundance of any other species present between
habitat types. Three of the four juvenile rainbow trout captured in Lynx Creek
were in riffle habitats in the lower reach while the fourth was found in an
upper reach pool. None of these fish were young-of-the-year (at least 1+) so
it is unclear where in Lynx Creek rainbow trout spawned in the spring. All 18
YOY mountain whitefish were captured in the lower reach. While it is
unknown if any of these fish drifted downstream from the upstream reach or
moved upstream from the Peace River, the absence of YOY mountain
whitefish from the upper reach suggests that most mountain whitefish
spawning occurs within the lower reach of Lynx Creek.

In Maurice Creek, there were no significant differences in habitat utilization
for any species. All species were captured in all habitat types sampled.
Young-of-the-year mountain whitefish were captured but, despite the
presence of ripe rainbow trout moving into Maurice Creek in spring, no
young-of-the-year rainbow trout were captured in summer (only juveniles >94
mm were found). The construction and operation of Site C dam would not
inundate any habitat in Maurice Creek not already affected by fluctuating
water levels in the Peace River due to operation of Peace Canyon Dam.

Limitations of the 2006 Study

Flow Conditions

Flow conditions in 2006 were abnormal and this may have influenced the
abundance, distribution, and species composition of fish utilizing the Peace
River tributaries for spawning and rearing. Based on comparison of
hydrographs in the Moberly River, spring and summer flows in the tributaries
were similar to the last decade’s lowest flow year. Species composition and
abundance of adult spawning runs in spring and abundance and distribution
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of juveniles in the tributaries in summer should, therefore, be considered
representative of a low water year. The effect of the low spring freshet on the
abundance of juveniles in the tributaries in summer may also be significant.

Hoop Nets

Hoop nets were used for the first time to capture spring spawning fish in the
Peace River tributaries in 2006. This technique captured a high diversity of
species and additional backpack electrofishing demonstrated that the hoop
nets did not miss any upstream migrations of any large-bodied spring
spawning fishes in any of the tributaries, at least during May when the hoop
nets were installed. Differences in the hoop net and electrofishing catches in
spring were mostly related to gear selectivity.

In the smaller creeks, hoop nets covered the entire stream channel for most
of the spring sampling period and there were few days when the nets could
not be checked or nets were blown out due to high water. As a result, hoop
netting data in the creeks represents, as closely as possible, the species
composition and magnitude of the 2006 spring spawning migrations during
the period nets were fished. In contrast, hoop nets in the Moberly and
Halfway rivers typically covered less than 25% of the stream channel and
nets could never be set in the thalweg where most fish are likely to swim.
High spring flows in the Moberly and Halfway rivers also caused nets to blow
out or go unchecked for a number of days until water levels receded or until
an additional net could be installed. As a result of these limitations, many fish
may have swum upstream undetected in both rivers. It was never believed
that hoop nets would be able to sample the entire channel in either the
Halfway or Moberly rivers and the passing of a high proportion of the
upstream migrations was expected. Instead, hoop nets were installed only to
provide an indication of the timing, species composition, and relative
magnitude of the runs, not absolute numbers. This limitation of hoop netting
in these rivers is only mentioned here to provide the reader with context if
making comparisons between tributaries and to past studies and future
sampling in the Peace River tributaries.

Despite these limitations, hoop nets were an effective sampling technique in
the Peace River tributaries in 2006 and are probably the best sampling option
for enumeration of spring and fall spawning runs in the Peace River
tributaries upstream of Site C dam. In the past, fish fences and beach seines
were used in Peace River tributaries to determine fish spawning populations
(ARL 1991a, b). Hoop net sampling has the advantage over both of these
techniques because hoop nets can be easily maintained and moved in
comparison to fish fences which blew out repeatedly on Lynx and Maurice
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creeks in 1990 due to high debris and silt loads (ARL 1991b) and can provide
an indication of the direction and magnitude of spawning migrations which
beach seining or backpack electrofishing generally cannot.

Electrofishing

Limitations of the summer electrofishing surveys in the Peace River
tributaries were primarily related to the low flow levels during sampling. As
mentioned previously, low flows in the smaller tributaries limited the
availability of habitat and caused YOY fish to become trapped in isolated
pools in many of the creeks sampled. These fish may have been
concentrated in much higher densities than would occur in these creeks in
years with higher flows. If so, CPUE of many species captured in these
creeks may be aberrantly high. The high numbers of YOY fish also made
Zippin depletion estimates in each habitat type difficult in the creeks because
it was never apparent if depletion had been achieved for a particular species
in the field until samples were analyzed in the laboratory. Finally, low flows
may have also forced juvenile fish to distribute themselves within the
available habitat rather than in their preferred rearing habitat. Habitat
utilizations observed in 2006 may, therefore, be biased.

Radio Telemetry

All radio telemetry programs have a number of inherent limitations and
assumptions, which typically include:

o The limitation of realistically tagging only a small number of adult fish
which are then assumed to represent the movements of the greater
untagged population.

e The assumption that tagged fish are behaving in a similar manner to
untagged fish (i.e., capture, surgeries and holding procedures impart only
a short-term [one week to one month] behavioural change).

e The potentially confounding effect of noise from other sources of radio
waves can be filtered (e.g., hydroelectric facilities, other tagged wildlife).

e The assumption that mortalities can be detected over time and filtered out
of the data set to avoid biasing data interpretation.

e The assumption that the species tagged actually make movements of
sufficient length, magnitude (i.e., numbers of fish), and duration to be
detected on the spatial and temporal scales of the tracking program
design.

e The limitation of radio signals to be detected from fish in greater than 10
m of water.
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The effect of most assumptions and limitations of radio telemetry on data
quality and interpretation can be minimized by having clear objectives, a well
thought-out study design, and a rigorous data quality control and assurance
protocol. All of these factors have been adequately addressed for the Peace
River radio telemetry study. For the Peace River study, the objectives of the
radio telemetry program were clear: 1) determine the timing, direction,
distance traveled, and relative magnitude of migrations of rainbow trout,
Arctic grayling, mountain whitefish, and walleye in the Peace River; 2)
determine if any of these species move into Peace River tributaries at any
time during the year; and 3) determine if any migrations involve obligatory
movements past the proposed Site C dam site.

Study design aspects to meet these objectives and to reduce the effect of
these limitations and assumption for the current Peace River radio telemetry
program included: 1) tagging and tracking the four fish species most likely to
make migrations in the Peace River past Site C dam (excluding bull trout); 2)
maximizing the number of tags implanted in each of the four species in
approximate proportion to their abundance in the river; 3) distributing tags in
approximate proportion to the natural distribution of each fish species in the
river; 4) tagging fish when river conditions maximized survival rates (with the
exception of July 2006 when water temperatures were high); 5) using only
highly experienced personnel for tag implantation; 6) holding tagged fish for a
minimum of 20 minutes before release; and 7) combining monthly aerial
tracks of the entire Peace River and its major tributaries from Peace Canyon
Dam to Dunvegan, Alberta with data from strategically placed fixed stations
on the Peace River to monitor spatial and temporal movements of tagged
fish. The Peace River is rarely greater than 4 m deep and radio-tags were
determined to be appropriate for use in the Peace River.

Quality control and assurance measures used during the study included
biweekly downloading of fixed stations and rigorous data filtering for noise
and mortalities using LGL’s proven “Telemetry Manager” software.

Despite these measures, some limitations to the 2006 radio telemetry
program remain. First and foremost, the 2006 data represents only the first
year of tracking. Movements of tagged fish are assumed to represent
movements of untagged fish and for Arctic grayling, walleye, and rainbow
trout, species that had at least eight months to recover from tagging, there is
little reason to believe they do not. Second, mountain whitefish were not
tagged until June 2006 and have been only tracked for four months to date.
Movements of mountain whitefish based on 2006 should be viewed only as
preliminary until further tracking can be conducted in 2007. Third, small
localized movements may have been missed if they occurred temporally
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between mobile tracking events and spatially between fixed stations. The
effect of this limitation on assessing movements past Site C was eliminated
by having a fixed station at the mouth of the Moberly River, approximately
500 m upstream from the proposed dam site. Fourth, the rate of fish
movements upstream or downstream in the river could not be determined
because fish were generally not making unidirectional movements (as do
Pacific salmon). This limitation is not seen as important however because
determining the rate of movement in the river was not a program objective
nor does it contribute information to meeting any of the program objectives.
Finally, the monthly mobile tracks during the spring and the installation of
fixed stations after the initial spring freshet may have precluded the detection
of early movements of Arctic grayling and rainbow trout into the Peace River
tributaries.

While the possibility exists that some of these limitations and assumption may
have effected our interpretation of the 2006 data, it is our view that no
important results drawn from the 2006 study are erroneous or biased. We
would caution readers however that all conclusions regarding the movement
of Arctic grayling, walleye, rainbow trout, and particularly mountain whitefish,
in the Peace River will not be finalized until data from the second year of
tracking has been collected and analyzed.

SUMMARY

Spring Spawning Migrations

Longnose sucker were the most abundant large-bodied fish species captured
in all tributaries sampled in spring 2006, with the exception of the Moberly
River where it was second. Arctic grayling were captured only in the Moberly
River and included ripe adults. The presence of these fish, along with the
presence of YOY Arctic grayling in the upper and lower reaches, suggests
that the Moberly River is the most important spawning tributary for the Peace
River Arctic grayling population. Small numbers of rainbow trout were
captured moving into Maurice, Lynx, and Farrell creeks in spring. No young-
of-the-year rainbow trout were captured in any of these creeks in summer but
rainbow trout have been captured migrating into these creeks in previous
surveys suggesting strongly that these may be the primary spawning sites for
rainbow trout in this section of the Peace River. Spring spawning runs of
northern pikeminnow were observed in the Moberly River, Farrell Creek,
Cache Creek, and the Halfway River. A large upstream migration of redside
shiner was observed in Cache Creek.
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Summer Juvenile Rearing

Juvenile rearing surveys were conducted in tributaries upstream of the
proposed Site C dam site between July 25 and August 2 in 2006. Young-of-
the-year longnose sucker were found in all tributaries sampled and typically
were the most, or second most, abundant species found. Young-of-the-year
minnows were extremely abundant in Farrell and Cache creeks and were
most likely redside shiners and northern pikeminnow. Young-of-the-year
mountain whitefish were found the Moberly River and Farrell, Lynx, Cache,
and Maurice creeks indicating that mountain whitefish successfully spawned
in each of these tributaries in fall 2005. Mountain whitefish YOY were found in
greatest abundance (>17 fish) in Lynx and Maurice creeks compared to the
other creeks (<5).

In most tributaries, there was no significant difference in the abundance of
fish captured between upper and lower reaches. The only exceptions to this
were in Moberly River, where the abundance of YOY suckers was
significantly higher in the upper reach than in the lower reach, and in Farrell
Creek, where YOY suckers, longnose dace, and northern pikeminnow were
all significantly more abundant in the lower reach than in the upper reach.

One young-of-the-year mountain whitefish was found in the upper reach of
Farrell Creek. The presence of YOY mountain whitefish only in the lower
reaches of the other tributaries does not confirm that mountain whitefish
spawning occurs exclusively in their lower reaches. Some of these YOY
mountain whitefish may have drifted downstream from spawning sites in the
upper reaches. However, the presence of this one YOY mountain whitefish
in Farrell Creek does confirm that mountain whitefish do spawn above the
potential zone of inundation in Farrell Creek.

In general, fish were more abundant in runs and least abundant in riffles,
although habitat use by species varied among tributaries. In Farrell Creek,
the abundance of suckers and minnows was consistently highest in runs. In
Lynx Creek, juvenile longnose suckers were significantly more abundant in
pools than in runs or riffles. In contrast, there were no significant differences
in the abundance of any species by habitat type or reach in Cache and
Maurice creeks. Young-of-the-year longnose sucker were found in all three
habitat types in relatively equal abundance in Cache and Farrell creeks, the
tributaries where their abundance was greatest.

Density of juveniles was lower but species diversity was higher in the Moberly
River than in the smaller tributaries in summer 2006. The lower density in the
Moberly River is likely due to lower sampling efficiency in the larger water of
Moberly River and to the abundance of juvenile fish trapped in the isolated
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pools sampled in the smaller tributaries. The higher number of species in the
Moberly River is likely due to its larger size, greater diversity of habitat, and
sustained summer flows.

Fish Movements in the Peace River Mainstem

A total of 49 Arctic grayling, 58 walleye, 32 rainbow trout and 116 mountain
whitefish were radio-tagged in fall 2005 and spring 2006.

Most rainbow trout made only small (<10 km), localized movements and were
generally located upstream of the Halfway River. Median distance moved by
Arctic grayling was 17 km and most of the movements were confined to the
reach between the Halfway and Pine rivers. As a result of these movements
and distribution, 67% of tagged Arctic grayling past by the proposed Site C
dam site during the 2006 tracking period, the most of any of the four tagged
fish species. Similar distribution and movements of rainbow trout and Arctic
grayling were documented in previous studies.

Six mountain whitefish moved up the Halfway River in August and three of
these fish moved as far as 50 km upstream to the confluence of the Graham
River. While these results are based on only four months of tracking data,
the use of the Halfway River by mountain whitefish for spawning has been
previously documented and the movement of radio-tagged fish moving into
the Halfway River in late summer 2006 suggests that these fish were likely
part of the Peace River mountain whitefish population that uses the Halfway
River for spawning.

Tagged walleye were generally limited to the Peace River downstream of the
Pine River confluence, primarily in the vicinity of the Beatton River. Tagged
walleye migrated into the Beatton River in May to spawn and returned to the
Peace River by June. Most walleye spent the summer in the Peace River
between Beatton and Pine confluences but portions of tagged walleye
migrated into the Pine River (14%) or moved downstream to Alberta (9%),
some as far as Dunvegan. Three walleye (5% of the tagged population)
moved upstream to the mouth of the Moberly River in the summer of 2006.
Similar upstream movements of walleye from the Beatton River to the mouth
of the Moberly River past Site C have been documented previously and the
movement of these fish likely represent a post-spawn foraging migration.
Tagged walleye began to congregating back at the mouth of the Beatton
River by August and included upstream and downstream migrants.

Almost all tagged Arctic grayling, rainbow trout, walleye, and mountain
whitefish overwintered in the Peace River mainstem.
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Evaluation of Larval Drift Nets and Hoop Nets

Hoop nets proved to be an effective method for capturing large-bodied fish
species moving into the tributaries to spawn. These nets can be easily
adjusted and moved to optimize catch efficiency as needed and are much
less susceptible to blowing out in high waters than fish fences. In 2006, the
entire stream channel could be blocked by the hoop nets for most of the
spring sampling period in each of the smaller creeks. This allowed for almost
uninterrupted capture of all upstream migrants during the spring sampling
period. Significantly less stream channel could be covered in the Moberly
and Halfway rivers but catch efficiencies were generally high enough to
monitor the species composition and timing of runs in each river. Multiple
upstream hoop nets in these rivers would improve catch efficiency without a
substantial increase in labour requirements.

The pilot larval drift program proved that larval drift nets can be an effective
and efficient technique in the Peace River tributaries. These nets can be
fished for different soak times, without compromising catch efficiencies, in
order to minimize sorting times depending on the debris load in each
tributary. The benefit of these larval drift nets is that they provide the best
indication of spawning success and spawning locations if used in multiple at
different locations in the tributaries.

In years with higher water flow, fishing efficiency for both the hoop net and
larval drift nets would be reduced because nets would have to be moved out
of the thalweg and less of the overall stream channel would be sampled.
However, these techniques would still provide useful information about
species composition and general timing of spawning runs and larval drifting.
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CLOSURE

Recommendations presented herein are based on an evaluation of the
findings of the fish and aquatic investigations described. If conditions other
than those reported are noted during subsequent phases of the study, AMEC
and/or LGL Ltd. should be notified and be given the opportunity to review and
revise the current recommendations, if necessary.

This report has been prepared for the exclusive use of BC Hydro for specific
application to the area within this report. Any use which a third party makes
of this report, or any reliance on or decisions made based on it, are the
responsibility of such third parties. AMEC and LGL Ltd. accepts no
responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this report. It has been prepared in
accordance with generally accepted practices. No other warranty, expressed
or implied, is made.

AMEC and LGL Ltd. appreciates the opportunity to assist BC Hydro with this
project. If you have any questions, or require further assistance, please do
not hesitate to contact the undersigned.

Respectfully Submitted,

AMEC Earth & Environmental, LGL Limited
a division of AMEC Americas Limited

Brad Horne, MSc R.P.Bio. Gordon Glova, Ph.D, P.P.Bio.

Reviewed by:

Tim Slaney, R.P.Bio Bob Bocking, MSc., R.P.Bio.
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