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ABSTRACT

Compensatory fish habitat was created at 5 sites on the Thompson and North Thompson
rivers in British Columbia to offset impacts of highway and railway improvements on
juvenile and adult salmonid habitat. Three of the cases involved development of new
wetland pond and stream habitat, while the other 2 cases entailed re-creation of
mainstem river embayments with rock spurs. Habitat at each site was initially subjected
to post-construction monitoring for 1-4 years. The follow-up study, conducted 5-12
years after habitat development, involved a low-intensity monitoring effort to assess the
continuing effectiveness of the compensatory habitats. At 4 of 5 study sites the
compensatory habitat was functioning to effectively offset the original impacts. The
single exception was a wetland pond complex where habitat quality was declining as a
result of pond infilling and organic enrichment from upstream sources in the watershed.
The follow-up study also revealed that efforts to accelerate revegetation of wetland
compensation sites had met with varied success. Natural colonization appeared capable
of revegetating disturbed marsh and riparian areas in a relatively short time, and use of
new habitat by juvenile salmonids, particularly coho salmon (Oncorhynchus kisutch),
was not predicated on the existence of a restored plant community. The need for
regular inspection and, as needed, maintenance of habitat structures was also identified.
This follow-up study illustrated the value of periodic low-intensity monitoring to assess
the continuing effectiveness of compensatory fish habitat.



RESUME

Des habitats compensatoires ont été créés a cinq endroits le long de la riviére
Thompson et de la Thompson Nord, en Colombie-Britannique, afin d’atténuer les
impacts des travaux d’amélioration du réseau routier et ferroviaire sur les habitats
de salmonidés juvéniles et adultes. Dans trois de ces sites, on a constitué de
nouveaux habitats lotiques et lentiques et, dans les deux autres, on a recréé des baies
dans P’axe principal de la riviére a I’aide d’épis rocheux. Une fois aménagé, chacun
des sites a d’abord fait ’objet d’une surveillance pendant une période de un a
quatre ans. Ensuite, un suivi a été réalisé au cours des cinq 2 douze années
ultérieures, avec une surveillance moins approfondie des sites visant a évaluer
Pefficacité durable des habitats compensatoires. Les résultats montrent que les
habitats compensatoires de quatre sites d’étude sur cinq ont réussi a atténuer les
impacts initiaux, la seule exception étant un complexe lentique (marécage et étang)
ou la qualité de P’habitat a diminué en raison du remblayage des zones
marécageuses et de ’apport de matiéres organiques provenant de sources situées en
amont dans le bassin versant. Le suivi a également mis en évidence les divers
résultats obtenus a la suite des efforts déployés pour accélérer la revégétation des
sites compensatoires. Il apparait que les espéces colonisatrices naturelles ont pu
restaurer la végétation des marais et des milieux riverains perturbés en une période
relativement courte, et Putilisation des nouveaux habitats par des salmonidés
juvéniles, en particulier le saumon coho (Oncorhynchus kisutch), n’était pas fondée
sur Pexistence d’une communauté de plantes renouvelée. On a également souligné
la nécessité de procéder a des inspections réguliéres et, au besoin, a la maintenance
des habitats. Le suivi illustre en outre I’importance d’effectuer une surveillance
périodique afin d’évaluer P’efficacité durable de Phabitat compensatoire.




INTRODUCTION

Highway and railway improvement projects were undertaken at 3 areas on the
Thompson and North Thompson rivers during 1984 to 1991. The projects were located
on the main Thompson River near Ashcroft, along the North Thompson River near
Blue River, and near Malakwa at Eagle River, a tributary to Shuswap Lake (Fig. 1).
Each project involved encroachment on stream or wetland habitat utilized by juvenile
or adult salmonids (Oncorhynchus sp.). To achieve no net loss of the productive
capacity of affected fish habitat (DFO 1986), compensatory habitat was created at 5
sites to offset unavoidable impacts due to encroachment or habitat alteration. Post-
construction monitoring was subsequently conducted for periods of 1 - 4 years,
depending on the site, to evaluate initial performance of the compensatory habitats.

While the need to monitor the effectiveness of environmental impact mitigation
measures is generally accepted (Beanlands and Duinker 1983; Westman 1985),
commitment to an extended period of performance monitoring has not been common.
In British Columbia, for example, post-construction monitoring of fish habitat
compensation and restoration projects has usually not extended beyond 2 or 3 years
(Kistritz 1993; Hartman and Miles 1995). The present study was therefore undertaken
to assess the continuing performance of compensatory habitat at 3 wetland and 2 river
mainstem sites in the Thompson and North Thompson River project areas (Figs. 2 - 4).
Field work for this study was carried out during the fall of 1996, from 5 to 12 years
after creation of compensatory habitat at a particular site (Table 1).

METHODS

This study of compensatory habitat was a low-intensity or reconnaissance level of
investigation. Its general purpose was to assess the physical condition and functioning
of the compensatory fish habitat at each study site. Field data collection emphasized
the persistence of physical structures in river habitats, and evidence of changes in
physical characteristics and water quality at wetland pond and stream habitats. Unlike
the initial post-construction monitoring studies, the work scope excluded quantitative
assessments of juvenile salmonid populations, but it did include sampling to indicate
fish presence and use of the compensatory habitats.

Information from the initial post-construction monitoring studies of each site, including
reports, file data and photographs, was reviewed to assist in planning the data
collection program. Field work was conducted during early fall, a study period which
was common to all sites during the initial post-construction assessments. Specific
timing of the 1996 field work was September 29-30 at Malakwa, October 1 at
Thompson River, and October 2-3 at the North Thompson River sites (Cook Creek,
Peddie Creek and North Thompson River spur). No significant precipitation occurred
during the field program.
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Locations of study areas near Ashcroft, Malakwa and Blue River in south
central British Columbia.
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Wetland streams and ponds were at medium levels, somewhat above summer low flow
conditions.

Table 1. Location of Thompson and North Thompson River study sites and the
timing of compensatory fish habitat construction and initial post-construction
monitoring studies.

Study Site Location Construction of - Initial
compensatory post-construction
habitat monitoring
Malakwa Three tributaries to Eagle River 1987 1988-1991
near Malakwa
Cook Creek Tributary to North Thompson 1985 1987-1988
River, 5 km north of the
town of Blue River
Peddie Creek Tributary to North Thompson 1984 1985-1987
River, 5 km south of the town
of Blue River
North Thompson On North Thompson River, 1984 1987
River spur 11 km south of the town of
Blue River
Thompson River  On Thompson River, 6 km 1991 1991
embayments upstream from Ashcroft

Features such as the height and density of riparian revegetation at wetlands and the
condition of river spur sites were photographed on colour film using a 35 mm camera
with wide angle lens. An effort was made to duplicate earlier photographs to enable
comparison of present and past conditions.

The individuals who planned and carried out this study had also been involved in the
initial post-construction monitoring of the selected study sites.

WETLAND SITES

The wetland study sites were located at Malakwa (Fig. 2) and at Cook and Peddie
creeks (Fig. 4) on the North Thompson River. Structures such as log or rock weirs



were examined for obvious signs of deterioration and suitability of conditions for
upstream fish passage. Changes in stream flow distribution and water levels, primarily
due to beaver activity, were documented, as was evidence of stream channel and pond
infilling. Stream discharge was estimated by measuring water depth and velocity at
intervals across the stream cross-section (Gordon et al. 1992). Measures of mean water
column velocity at a given sample point were obtained with a Marsh-McBirmey Model
201 electromagnetic current meter set at 0.4 of the water depth from the stream
bottom. Distances were measured with either a 30 m fiberglass tape or a surveyor’s
hip chain. A wood staff, graduated at 5 cm intervals, was used to measure water
depths at random points. Visually evident changes in riparian vegetation, compared to
the initial post-construction conditions, were also recorded.

Estimates of open water area were developed for the 5 wetland pond sites at Malakwa,
where it was evident that the amount of open water area relative to vegetated marsh
area at the pond margins had changed between the initial post-construction study and
the present study. At sites that had been infilled with sediment carried by the inlet
stream, such as East Pond, and CP-3 and CP-5 of the Central Pond complex, the area
of deposition was measured by hip chain or tape. At West Pond and CP-1 of the
Central Pond complex, approximate pond dimensions were visually estimated.

Dissolved oxygen (DO) measures were obtained at random points at all wetland pond
sites, to identify possible increases in biological and biochemical oxygen demand (Laws
1981). DO was measured with a Yellow Springs Instruments Model 57 meter at
points near the pond surface and pond bottom, or at mid-depth in cases where total
water depth did not exceed 1 m. To account for differences in water temperature
between the present and the initial post-construction surveys, dissolved oxygen
concentrations were corrected for elevation and converted to percent saturation by using
the Rawson nomograph (Piper et al. 1982).

The presence of juvenile salmonids was determined by sampling with Gee minnow
traps (Bloom 1976). Each pond at a given study site, as well as stream sections at the
Cook Creek wetland, was sampled with a minimum of 10 minnow traps baited with
salted salmon roe and set over night for 17-23 h. Sampling effort (number of traps)
and total catches of salmonid and non-salmonid fish species were recorded for each
sampling site. Each captured juvenile salmonid was also anaesthetized and measured
(fork length to nearest mm).

RIVER MAINSTEM SITES

The river mainstem assessments included 1 rock spur on the North Thompson River
(Fig. 4), 4 large rock spurs and 2 embayments at bank stabilization sites on the
Thompson River (Fig. 3), and 4 smaller rock spurs located between the Thompson
River stabilization sites. Habitat documentation focused on the integrity of each spur,
and evidence of riverbed scour or sediment deposition downstream and immediately
upstream of the spur. At the North Thompson site, changes in sand deposition around




the spur were assessed by comparison of photographs taken in the present study and the
1987 monitoring study. The presence and abundance of spawning gravel originally
placed in the Thompson River embayments was determined by a swimmer equipped
with dry suit, mask and snorkel. The swimmer made observations along 7 transects,
approximately 2.5 m wide, at 10 m intervals along the site. Each transect extended
from shore to the offshore limit of the placed spawning gravel or to a water depth of 3
m, the limit of visibility. The total area of remaining spawning gravel was estimated
by interpolation between the observation transects. As the gravel placements consisted
of crushed angular rock, commonly used on railway grades, they could be readily
distinguished from the rounded native gravel material.

Fish presence and species composition was determined at the North Thompson spur by
use of a 10 m long beach seine with 12 mm stretched mesh size. Four sweeps of the
seine, made by wading to a water depth of 1 m, were used to sample an area extending
from 10 m upstream of the spur to 22 m downstream of the spur. At the Thompson
River sites, fish observed by the swimmer were recorded and limited angling with a fly
was conducted at the lower spur site.

River discharge information cited in this report was obtained from published reports
(WSC 1989, 1990 and 1991) and from unpublished data for the years 1991-1996 (L.
Wick, Environment Canada, Vancouver, pers. comm.).

CASE STUDIES

The background information relating to each study site, including the nature of the
compensatory habitat and the initial post-construciton monitoring studies, is an
important part of the story to be conveyed in this report. Each of the following case
study descriptions therefore includes a background section which precedes the
presentation of study resuits.

MALAKWA
Background

In 1987 the B.C. Ministry of Transportation and Highways (MOTH) widened the Trans
Canada Highway No. 1 along the Eagle River near Malakwa, 20 km northeast of
Sicamous. The existing 2-lane highway was upgraded to a divided 4-lane facility with
frontage roads along a 3 km section (Fig 2).

The highway project affected 3 small Eagle River tributaries that supported juvenile
coho salmon (Oncorhynchus kisutch).  Highway culverts conveying these tributaries
had to be replaced and extended, resulting in the loss of 60-70 m of channel length and
riparian zone at each stream. To compensate for loss of coho rearing and
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overwintering area, 7,800 m’ of stream and pond habitat was excavated in 1987. The
ponds were typically constructed with a deeper (1.2 - 2.7 m) central zone and a
shallower (0.5 m or less) zone around the margins. Marsh plants were transplanted in
1988 to marginal areas of the new habitats, designated the West Pond, Central Ponds
and East Pond (Fig. 2). Riparian vegetation was also introduced to each site in that
year. To facilitate upstream passage of juvenile salmon from the Eagle River, baffles
were installed in each culvert and notched log weirs were placed in the outlet stream
from West Pond to Eagle River.

Nine post-construction field surveys, to determine habitat conditions and seasonal fish
use of the compensatory habitat, were conducted during December, 1988 to November,
1991. Surveys were typically undertaken in late summer (late August - early
September), fall (November) and under ice cover in winter (February). The 3-year
study indicated that the compensatory habitat was functioning as intended (MZA 1992).
Water quality was generally high, and all wetland ponds were utilized by coho
juveniles in each season. Coho densities in individual ponds ranged from 0.07 to
2.7/m? of surface area. Fish sampling also revealed the presence of cyprinids,
catostomids and cottids that were not identified to species, as well as the occasional
rainbow trout (0. mykiss) and sockeye salmon (O. nerka) juvenile.

The compensatory pond habitats selected for this study and the initial post-construction
study were East Pond (Fig. 5), ponds CP-1, CP-3 and CP-5 in the Central Pond
complex (Fig. 6), and West Pond (Fig. 7). The Central Pond complex, the largest and
most elaborate of the compensatory habitats, consists of 5 shallow alcove-type ponds
(1.5 m maximum depth) and a larger, deeper (2.7 m) overwintering pond (CP-1) at the
downstream end of the series (MZA 1992).

Physical Characteristics

Four of the 5 ponds studied at Malakwa experienced a reduction in open water area,
ranging from 9% at East Pond to 44% at CP-5, in the 6 years between studies (Table
2). Despite the infilling at West Pond, CP-3 and CP-5, maximum pond depths at
those sites had not changed appreciably.

Water depth measurements in the present study were not obtained in sufficient detail to
enable accurate estimation of pond volume. It was apparent, however, that pond
volumes were declining at all sites but CP-1. At East Pond, which was reported to be
receiving considerable bedload during the initial study (MZA 1992), deposits of fine
sand had filled the margin on the west side and had also extended along the bottom
approximately 25-35% down the pond’s long axis (Fig. 8). Similar changes, but more
pronounced in scale, were also evident at West Pond. At this site the principal inlet
stream, entering on the east side, was depositing a growing volume of sediment and
detritus in the pond by 1990 (MZA 1992). By the time of this study, 6 years later, the
combination of continued sediment deposition and colonization by marsh plants had
confined the pond to a relatively narrow centre channel (Fig. 9). Declines in pond
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surface area at CP-3 and CP-5 were due to sediment and detritus deposits, and
subsequent encroachment by marsh vegetation, at the confluence of the stream channel
and each pond (Fig. 10).

Table 2.  Estimated open water area and maximum water depth at Malakwa ponds
during the present study (1996) and the initial post-construction study
(1990). Comparison is between the last comparable survey of the initial

study and the present study.

Study site Open water area (m®) Maximum depth (m)
Initial Present Percent Initial Present
study study reduction study study

East Pond 875 800 - 9% 2.5 2.3

Central Ponds

CP-1 1100 1100 0 2.7 2.7

CP-3 735 525 -29% 1.3 1.3

CP-5 800 450 -44% 1.2 1.2
West Pond 2570 1800 -30% 2.5 2.2
Water Quality

DO concentrations were used as an index of water quality in both the initial post-
construction study (1990) and the present study (1996). In the present study, DO
concentration at the pond bottom equalled or exceeded 1990 levels at 3 sites, but was
significantly below 1990 levels at CP-1 and West Pond (Table 3). Surface DO
concentrations were also below 1990 levels at these latter sites.

The apparent decline in DO concentrations at CP-1 and West Pond likely reflects an
increase in decaying organic matter and the resultant increase in biological oxygen
demand at these sites (Laws 1981). DO concentrations in the 2.4 - 3.7 mg/L range
observed at CP-1 and West Pond could be expected to result in reduced scope for
metabolic activity in juvenile coho on the order of 35% (Davis et al. 1963).

Fish Utilization

Sixty-three juvenile coho salmon, 47 - 110 mm long, were captured in 50 minnow trap
sets during the present study. While juvenile coho inhabited all 3 pond systems, they
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were absent from CP-1 and CP-5 of the Central Pond complex in 1996 (Table 4).
Relatively low DO levels may explain the absence of coho from CP-1 (Table 3), but
the lack of juvenile salmonids at CP-5 cannot be similarly explained. It may reflect
poor water quality in the preceding summer period. Minnow trapping also produced a
total catch of 24 cyprinids, probably peamouth chub (Mylocheilus caurinus), from East
Pond, CP-1 and CP-5.

Table 3.  Dissolved oxygen concentrations at Malakwa study sites during the present
study and the last comparable survey of initial post-construction study.

Study Site Dissolved oxygen"
Concentration (mg/L) __ Saturation (%)
Initial Present Initiat Present
study® study® _study study

East Pond 6.0 9.8 59 86
Central Ponds

CP-1 6.0 2.4 61 21

CpP-3 5.0 6.1 52 58

CP-5 5.0 5.1 49 50
West Pond 6.0 3.7 60 33

* Data comparisons are based on dissolved oxygen and temperature measurements

near the pond bottom except at ponds CP-3 and CP-5 where, due to water depths of
less than 1 m, measurements were taken at approximately mid-depth.

®  August 28 - September 3, 1990

¢ September 29 - 30, 1996

Fish Access

All the Malakwa fish rearing and overwintering ponds drain over reasonably short
distances to either the main channel or a side channel of the Eagle River. East Pond
flows through approximately 120 m of low gradient channel to an Eagle River side
channel (Fig. 5), while the Central Pond complex drains to Eagle River through the
highway culverts and 100 m of open channel (Fig. 6). West Pond flows through
highway culverts and into Eagle River through a 25 m long channel which drops 1 m in
elevation over a series of 5 log weirs (Fig. 7).

As no spawning habitat suitable for coho salmon exists upstream of the ponds, or
within the compensatory habitat at Malakwa, recruitment of juvenile coho to the study
sites is believed to come from upstream movement of juveniles from the Eagle River,
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likely during the spring freshet and possibly during other periods of high flow (MZA
1992). Such a seasonal pattern of juvenile coho recruitment to off-channel rearing
habitat has been reported for other interior coho populations (Swales and Levings
1989). Some juvenile coho captured at Malakwa had an adipose fin clip, indicating
that they originated from Eagle River Hatchery, 15 km upstream.

Table 4.  Juvenile coho salmon catch per unit effort at Malakwa study sites during
the present study and the last comparable survey of the initial post-
construction study.

Study site Catch per trap®
Initial study” Present study®

East Pond 2.5 2.3
Central Po_nds

CP-1 3.0 0

CP-3 0.5 0.7

CP-5 3.4 0
West Pond 6.5 3.3

* Catch per trap is the arithmetic mean catch in 48-80 traps per site during the initial
study, and 10 traps per site in the present study.

® August 28 - September 3, 1990

° September 29 - 30, 1996

Juvenile coho access to the East Pond was not obstructed by beaver dams at the time of
this study. Beaver dams of 60 cm and 45 cm in height were present, however, on the
Central Pond outlet. The lower 3 of 5 log weirs on the West Pond outlet had been
undercut by erosion of the stream substrate, and at 1 of the remaining weirs there was
a 50 cm drop owing to accumulation of debris on the weir. Undercutting of the log
weirs at the West Pond had begun to occur during the initial post-construction study
(MZA 1992).

Based on the presence of juvenile coho in each of the 3 pond systems, neither beaver
dams on the Central Pond outlet nor poorly functioning weirs at the West Pond outlet
constituted obstructions to juvenile coho immigration from Eagle River. As the
compensatory ponds at Malakwa are situated only 1-2 m in elevation above the normal
Eagle River flow level, it appears likely that the main river floods the outlet channels
during freshet events, thereby facilitating movement of juvenile coho into these sites.
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Revegetation

Pond construction at Malakwa undoubtedly disturbed the natural riparian vegetation in
the vicinity of those sites. In 1988, the year following pond construction, there was a
significant effort to restore riparian and marsh vegetation through plantings around the
pond perimeters and in shallow areas (MZA 1992). Photographs taken in 1989 show
that the planted vegetative cover was generally well established, but that excavated
pond slopes and adjacent road embankments remained sparsely vegetated due to course
textured soils (Fig. 9) (MZA 1992).

Marsh vegetation was well established at the Malakwa ponds by 1996 (Fig. 10).
Though the extent and condition of the riparian vegetation had also improved
considerably, the change was mainly attributable to natural colonization rather than
revegetation efforts. Poor survival of planted specimens resulted from several factors.
There was evidence that beaver or muskrat had harvested some specimens, typically
birch, willow and volunteer cottonwood saplings, at each pond system. As the root
stock was generally undamaged, regeneration of most plants appeared possible. Also
evident were intact dead shrubs that had not survived initial tranplanting, probably due
to excessive soil moisture at some sites and poor sandy soils at others. In the Central
Pond complex, for example, the spread of cattails and other marsh plants appear to
have impeded stream flow and raised water levels, making soil moisture unsuitably
high for riparian plants.

At the Central Pond complex and West Pond the extensive plantings of marsh
vegetation within the shallow pond areas had been augmented by natural colonization
to form a dense emergent plant community (Fig. 9) which has reduced the area of open
water (Table 2). Vegetational changes in the Central Pond complex may have been
accelerated by inputs of soluble leachate from an agricultural feedlot operation
upstream of the site.

COOK CREEK
Background

As part of its Twin Track Project in British Columbia (FEARO 1985), CN Rail
constructed a second track adjacent to its existing track along the North Thompson
River near the town of Blue River in 1984 and 1985 (Fig.4). Construction in the 8.9
km section north of Blue River resulted in encroachment on approximately 2800 m? of
wetland pond and stream habitat, mainly at and near Cook Creek (Reid Crowther et al.
1984). The wetlands served as rearing and overwintering habitat for juvenile coho
salmon. To offset these habitat losses, CN Rail constructed 3500 m? of compensatory
fish habitat in the Cook Creek drainage during August and September, 1985.

This compensatory habitat included re-creation of a secondary channel which had to be
relocated to accommodate the second track (Fig. 11). The Secondary Channel



Yellowhead Highway No. 5

+— —_—
Blue River " Km 208 Valemount
4 km. CNR MAIN TRACK —_— 207.5 80 km.
} t + { $ } t 4 -
=
4; § Second D
Compensatory / Cﬁ:gnZ;’y = %g‘(\
Channel O
Compensatory »
Overwintering Pond Q o)
' Pools—" O
= "Vl G
Natural
Wetland \‘

0 100 200
L I : |
metres

Fig. 11.  Cook Creek wetland study site near Blue River.

61




20

measured 335 m long, averaged 4-5 m in width and contained 5 cobble weirs for water
depth control (Lister and Dunford 1989). Other wetland habitat losses were addressed
by construction of the Compensatory Pond (1180 m? and the 510 m long
Compensatory Channel (1040 m”). Two fish overwintering pools, approximately 15 m
wide and up to 2 m deep, were also created in the lower section of the Compensatory
Channel.

Post-construction monitoring of the compensatory habitat at Cook Creek was conducted
during field surveys in August and October, 1987, and under winter ice cover in
March, 1988 (Lister and Dunford 1989). Overall quality of the compensatory habitat,
as indicated by juvenile coho densities during the 3 seasonal surveys (0.3-1.0 fish/m?),
was comparable to natural wetland habitat in the Cook Creek drainage. This initial
post-construction study indicated that the compensatory habitat likely equalled or
exceeded the coho production capability of habitats affected by twin track construction.

In addition to juvenile coho, the initial study indicated substantial use of the wetland
environment by white sucker (Cafostomus commersoni) juveniles and torrent sculpins
(Cottus rhotheus), as well as small numbers of mountain whitefish (Prosopium
williamsoni) and rainbow trout (Lister and Dunford, 1989).

Stream Flow Distribution

During the initial study in 1987 it was determined that at the point of flow split below
the railway bridge, the major portion (70-80%) of the stream flow was initially directed
to the Secondary Channel, with the remainder flowing into the Natural Wetland (Lister
and Dunford 1989). Most flow entering the Secondary Channel, however, was
subsequently diverted back to the Natural Wetland through a series of minor channels
(Fig.12). As a result of this flow diversion, caused by a beaver dam 140 m down the
Secondary Channel, only 0.1 - 0.2% of the flow initially entering the Secondary
Channel reached the Compensatory Channel, 350 m downstream.

In October, 1996 the stream flow pattern at Cook Creek was similar to that observed in
1987 (Fig. 12), but a significantly greater portion of the flow (16%) was reaching the
Compensatory Channel (Table 5). This flow increase was likely due to minor changes
in elevation of beaver dams on the main channel and Secondary Channel.

Physical Features

The Cook Creek wetland, and its associated stream channels and ponds, has been
extremely stable. There was no evidence in 1996 of bank erosion or of sediment
deposition from sources in the watershed upstream of the wetland.

Water depths in 1996 were comparable to or greater than depths observed in the initial
study. In the Secondary Channel, the mean and maximum water depths did not differ
significantly between studies (Table 6). The result was similar at the Compensatory
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Pond. At the Lower Overwintering Pool, however, water depths had increased
between the initial study and the present study (Table 7) (Fig. 13). This increase was
mainly attributable to a 60 cm high beaver dam recently constructed just downstream of
the overwintering pool (Fig. 12). Greater flow in the Compensatory Channel (Table 5)

was likely also a contributing factor.

Table 5. Comparison of stream flow distribution at Cook Creek wetland during
the initial study (1987) and the present study (1996).

Estimated discharge (L/s)

Location Initial study Present study

August October October
Cook Creek, upstream of 360 110 210
railway bridge (Station 1)
Secondary Channel at 300 80 220
upstream end (Station 2)
Compensatory Channel at 0.8 0.1 36

upstream end (Station 3)

Table 6. Water depths in the Secondary Channel of Cook Creek in relation to
stream discharge during the initial study (1987) and present study

(1996).
Initial study Present study
August October October

Estimated discharge at head of 300 80 220
Secondary Channel (L/s)

Mean depth (cm) 50 46 57
Maximum depth (cm) 80 72 75
Number of depth observations 59 56 10
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Table 7. Water depths in the Compensatory Pond and Lower Overwintering Pool,
Cook Creek, during the initial study (1987) and present study (1996).

Water depth (cm)

Initial study® Present study®

Compensatory Pond v

Maximum depth 250 225

Mean depth 109 134

Number of observations 54 9
Lower Overwintering Pool

Maximum depth 130 200

Mean depth 103 135

Number of observations 10 7

Depth measurements during the initial study were obtained at the Compensatory
Pond in August and at the Lower Overwintering Pool during October. All data for
the present study were obtained in October.

Water Quality

DO measurements were obtained at a single point in the Compensatory Pond and the
Lower Overwintering Pool for comparison with data from the initial study.
At both sites DO levels were markedly higher in 1996 than 1987 (Table 8). The
increase at the Compensatory Pond may be attributable to lower water temperature and
the consequent reduction in biological and chemical oxygen demand. At the Lower
Overwintering Pool, bottom DO levels were noted to be severely depressed during the
initial study (Lister and Dunford 1989). Improvement in DO at that site probably
reflects increased flows in the Compensatory Channel (Table 5), and more rapid
turnover of water in the Lower Overwintering Pool.
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Table 8. Dissolved oxygen concentration and temperature in the Compensatory
Pond and the Lower Overwintering Pool, Cook Creek, during the initial
study (1987) and present study (1996).

Initial study® Present study”

surface bottom” surface bottom °

Compensatory Pond

Dissolved oxygen (mg/L) 8.0 7.7 12.2 11.7

Saturation (%) 72 68 95 90

Water temperature (°C) 10.5 10.0 4.9 4.6
Lower Overwintering Pool

Dissolved oxygen (mg/L) 5.0 1.2 11.7 11.2

Saturation (%) 42 9 92 87

Water temperature (°C) 8.0 7.0 5.4 5.1

* In both field surveys the data were collected during the first week of October.
® Measurements were near bottom, 170 - 250 cm from the water surface.

Fish Utilization

Fish sampling in 1996 involved 30 minnow trap sets distributed through the Secondary
Channel, the Compensatory Pond, the Lower Overwintering Pool and the Natural
Wetland. This sampling was conducted in the knowledge that juvenile salmon were not
likely to be present, due to a recent blockage of adult salmon migration at Little Hell’s
Gate on the North Thompson River, downstream of the study site (Fig. 1) (G.
Kosakoski, Department of Fisheries and Oceans, Kamloops, pers. comm.).

As expected, no juvenile coho were captured at Cook Creek in the present study, but
one juvenile chinook salmon (87 mm long) was caught in the Natural Wetland. The
remaining catch, distributed throughout the study site, included 1 rainbow trout
juvenile (73 mm long), 1 mountain whitefish juvenile (70 mm long) and 8 sculpins.
Under the circumstances, the virtual absence of juvenile salmon does not reflect the
present suitability of the Cook Creek compensatory habitat for salmonid rearing and
overwintering.

Revegetation

In constructing fish habitat at Cook Creek, a concerted effort was made to minimize
disturbance of existing vegetation along the newly excavated stream channels and
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ponds. The tracked excavator worked in line with and overtop of the work area, and
sidecast the excavated soils at least 2 m beyond the water’s edge. This procedure
ensured that a well vegetated riparian zone was maintained in most areas. The only
revegetation effort was the planting of seedling pine trees on spoil areas around the
overwintering pools on the Compensatory Channel. Spoil areas were also seeded with
grasses for erosion control. '

By 1996, the riparian zone had been invaded by a dense community of plant species
(Figs. 14 and 15). Grasses, rushes, sedges, hardhack, willow and red osier dogwood
were present along or near the water’s edge; white alder, birch, cottonwood and spruce
had established at slightly higher elevations. All planted pine trees had survived.

PEDDIE CREEK
Background

During 1984, CN Rail twin track construction in a 8.5 km section south of the town of
Blue River resulted in encroachment on an estimated 800 m* of wetland ponds that
served as rearing and overwintering habitat for coho salmon juveniles (Reid Crowther
et al 1984). Most of this habitat loss occurred at Peddie Creek (Fig. 4). In October,
1984 approximately 2000 m’ of compensatory habitat, including 1370 m’ of new pond,
was created by enlarging the pond area within the Peddie Creek wetland (Fig. 16).
The new pond habitat, designated the Compensatory Pond, included an irregular east
shoreline, 2 islands and 5 root wads added to enhance fish cover. Marsh plants were
also introduced to the west shore of the pond, adjacent to the railway embankment, to
accelerate revegetation of that shoreline. The Peddie Creek compensatory habitat was
designed to provide a relatively shallow pond environment, less than 1.5 m deep,
similar to habitats which had been affected by twin track construction. Results of the
initial post-construction monitoring studies at Peddie Creek, conducted during March,
1985 to March, 1987, are summarized in Appendix 1.

Post-construction monitoring surveys during April-October, 1985 showed that juvenile
coho used the Compensatory Pond at a comparable level to the adjacent Natural Pond,
but in the winter of 1985 - 1986 the entire Peddie Creek wetland froze to the bottom,
precluding overwinter use and survival by juvenile coho (Appendix 1). Late winter
surveys of conditions during the preceding winter (1984 - 1985) and the following
winter (1986 - 1987) indicated that the 1985 - 1986 conditions may have been
exceptional. In the other 2 years the ice thicknesses were moderate and juvenile coho
were present in both compensatory and natural habitats.

Physical Features

Water depth measurements at Peddie Creek wetland suggested that present conditions
are similar to those observed in the initial study (Table 9). As recorded in the earlier
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work, the Natural Pond tends to be slightly deeper on average than the Compensatory
Pond (Appendix 1). It should also be noted that water levels fluctuated seasonally.

Table 9. Water depths at Peddie Creek wetland during the initial study (October,
1985) and the present study (October, 1996). Depth measures were
obtained at trap sites distributed throughout each study area.

_Compensatory Pond —_Natural Pond

Initial Present Initial Present

study study study study
Mean depth (cm) 86 90 96 100
Maximum depth (cm) 125 130 145 120
Number of observations 20 5 40 5

Water Quality

DO concentrations were relatively high during both the initial and present studies
(Table 10). A tendency for DO levels to be slightly higher at the Compensatory Pond
was apparent in both studies. That situation likely reflects the influence of an inlet
stream at the northeast end of that site (Fig. 16). Water temperature in the Natural
Pond was high in relation to the Compensatory Pond during the present study. This is
likely due to warming by solar radiation as the pond water moves toward the point of
observation at the outlet.

Fish Utilization

In the present study, sampling with 5 overnight trap sets at each pond produced no fish
catches. The absence of juvenile coho at Peddie Creek in 1996 is not surprising in
light of the same result at Cook Creek and the apparent blockage of adult salmon
migration at Little Hell’s Gate (Fig. 1).
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Table 10. Mean dissolved oxygen concentration and temperature at Peddie Creek
wetland during the initial study (October 16-17, 1985) and present study
(October 2, 1996).

b

Initial study® Present study”
surface bottom surface bottom
Compensatory Pond
Dissolved oxygen (mg/L) 9.5 9.5 12.0 11.1
Water temperature (°C) 5.6 5.5 5.5 5.0
Natural Pond
Dissolved oxygen (mg/L) 8.4 8.2 9.7 10.2
Water temperature (°C) 5.9 5.6 7.3 7.1

* Twenty-four observations throughout the ponds.
® A single observation at each pond.

Revegetation

Plugs of grasses and sedges were planted to revegetate the west edge of the
Compensatory Pond, adjacent to the railway embankment. Twenty-five spruce
seedlings were also planted along the east side of the wetland. It was evident that the
plantings of marsh vegetation had survived well and produced a dense emergent plant
community along the shore (Fig. 17). The spruce seedlings, on the other hand, appear
to have experienced low survival.

NORTH THOMPSON RIVER SPUR
Background

The 1984 twin track construction by CN Rail immediately north and south of Blue
River (Fig. 4) resulted in 11 river encroachments affecting 2.2 km of bank on the
North Thompson River mainstem (Reid Crowther et al. 1984). These new
encroachments, armoured with large quarry rock (riprap), affected sites with vegetated
natural banks as well as previous railway encroachments already protected by riprap.
The pre-construction assessment showed that sites of prospective encroachment, with
either natural or riprap banks, were utilized extensively for rearing by age 0+ and 1+
coho salmon juveniles (Reid Crowther et al. 1984).
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As a habitat compensation measure, a rock spur was constructed on the west bank of
the North/Thompson River approximately 800 m downstream of the Highway No. 5
bridge (Fig. 4). The 3 m high spur extended 8 m into the river at a right angle to the
flow. It measured 9 m wide at the base and was composed of 40 - 120 cm diameter
riprap placed at an approximate slope of 2:1. The rock spur produced a downstream
eddy up to 70 m long and 9 m wide (Appendix 2). The spur was considered to
influence nearshore flow conditions when river discharge, measured at Birch Island 90
km downstream, exceeded 120 - 150 m’/s.

A post-construction monitoring study of the spur’s effects on juvenile salmonid rearing
was conducted in the summer of 1987 (Dunford and Lister 1989). This study compared
juvenile salmonid densities at the spur site with those at a nearby reference site, an
encroachment site without a rock spur, at high (June) and medium (August) flows. The
fish sampling results indicated that the spur enhanced rearing habitat for juvenile
chinook salmon and mountain whitefish, but that sand deposition in the downstream
eddy may have reduced habitat suitability for juvenile coho (Dunford and Lister 1989).

Spur Integrity

The present study was undertaken at a relatively low river discharge of 80 m’/s. The
rock spur was essentially intact. Though unravelling of the rock was not evident,
movement of smaller rock pieces could have been obscured by sand deposition. In its
12 year existence the rock spur has been subjected to river discharges of up to 876 m’/s
at Birch Island, the fifth highest discharge in 37 years of record and only 8% below the
recorded maximum.

The most pronounced change in conditions has been the substantial sand deposition in
the downstream eddy and, to a lesser extent, upstream of the spur (Fig. 18). The slope
of the sand beach below the spur was estimated at 2.3:1, slightly less than the 2:1 slope
of the spur itself.

Fish Utilization

Beach seining conducted along 42 m of shoreline, upstream and downstream of the
spur, produced a catch of 51 mountain whitefish juveniles (35-70 mm long). Ninety-six
percent of the catch was taken in the downstream eddy within 22 m of the spur.
Dunford and Lister (1989) also reported that juvenile chinook and mountain whitefish
utilized the eddy downstream of the spur.

The spur has remained intact and continues to provide habitat diversity by creating eddy
conditions suitable for rearing of chinook and mountain whitefish juveniles. If infilling
of the downstream eddy continues, however, the habitat value of the spur may diminish
over time.
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THOMPSON RIVER EMBAYMENTS
Background

CP Rail stabilized 2 sites on the south bank of the Thompson River 6 km upstream of
Ashcroft (Fig.3). The sites are situated on the outside of a river bend, approximately
300 m apart. This stabilization work, conducted in January, 1991, involved
construction of a riprap berm along each eroded bank section. To re-create pre-project
eddy conditions, rock spurs were constructed at the upper and lower end of each work
site to produce an embayment (Fig. 19). A gravel bench was also installed within each
embayment to provide salmon spawning area and a gradually sloping beach for juvenile
salmonid rearing at high flows. In addition to rock spurs at the 2 embayment sites, 4
small spurs were constructed along the river bank between those sites, to provide
habitat improvements which could offset any residual impacts on juvenile salmonid
rearing habitat.

Pre-construction studies of pink salmon (O. gorbuscha) spawning and juvenile chinook
salmon and steelhead/rainbow trout rearing at the bank stabilization sites were
conducted in 1989 and 1990 to provide fish resource information for impact assessment
and design of compensatory habitat (Beniston and Lister 1990). Post-construction
assessments of pink spawning and juvenile salmonid rearing were conducted in 1991
(Beniston and Lister 1992). Both the pre- and post-construction rearing studies
estimated fish density at the sites of impact as well as up to 7 reference sites at high
(July), medium (August) and low (September-October) river discharges.

The compensatory habitat at the bank stabilization sites was, for the most part,
successful in re-creating pre-construction conditions. Post-construction densities of
juvenile chinook and rainbow trout at the bank stabilization sites exceeded pre-
construction densities when year-to-year changes in population abundance, as indicated
by reference sites, were taken into account (Beniston and Lister 1992). The 4 small
spurs, constructed as an impact compensation measure, contributed significantly to
rearing habitat at low discharge. It was concluded that overall suitability of rearing
habitat was not negatively affected by the bank stabilization project.

The bank stabilization work did result in loss of a small area (140 m?) suitable for pink
salmon spawning. Post-construction observations indicated that replacement spawning
areas in the embayments had compensated for this loss of spawning area.

Site Characteristics

The pair of large rock spurs at each bank stabilization site were designed to re-create
natural embayment and eddy conditions. The upstream or upper spur at each site was
angled slightly downstream (Fig. 19). The spurs, and the armoured embankments
between spurs, were constructed of large riprap (average 1-1.5 m diam). A 60 - 90 cm
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deep blanket of crushed rock or ballast gravel (37-75 mm diam) was placed within each
embayment. Dimensions of the 2 embayment sites are given in Table 11.

Table 11. As-built dimensions of rock spurs and embayments at bank stabilization
sites in Thompson River near Ashcroft.”

Site Upper spur Lower spur Length of

Spur Widthat  Slope Spur Width at  embayment
lengte base (m)° of spur length  base (m) (m)

(m) (m)

Upstream 14 13 2.7:1 5 7 50

embayment

Downstream 24 8 4:1 2 5 60

embayment

* Dimensions are from drawings by Hay & Company Consultants Inc. (Appendix A of
Beniston and Lister, 1992).

b Approximate length of spur’s extension into river at low flow.

® Approximate base width of spur at mid-point.

In addition to the large spurs, 4 small rock spurs measuring 9-10 m long and 3.5-5 m
wide were constructed on the south bank between the upstream and downstream
embayments (Fig. 19). These low-profile spurs, 1-1.5 m high and 19-24 m apart, were
constructed of riprap averaging 1-1.6 m diam (Beniston and Lister 1992).

Spur Integrity

Six years after construction, all rock spurs at the Thompson River study sites were
essentially intact and functioning as designed (Figs. 20 and 21). The rocks in the large
spurs at the embayments had not noticeably shifted. At the small spurs, 1 - 4 rocks had
become dislodged at each spur tip and moved 2 - 4 m downstream. The presence of
these large rocks in the downstream eddies may well be enhancing fish rearing
conditions.

Gravel Placements-

At the upstream embayment there has been a virtually complete loss of the ballast
gravel placed in January, 1991 (Table 12). A substantial decrease in gravel was
evident after the first spring freshet in 1991, and the remaining gravel had apparently
been transported from the site during subsequent freshets.
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Table 12. Changes in amount of placed gravel within embayment sites, Thompson
River near Ashcroft.

Site - Estimated area of placed gravel (m*)
January, 1991°  October, 1991°  October, 1996°
Upstream 350 100 5
embayment
Downstream 500 540 335
embayment

* Estimates from as-built drawings of each site.

® Estimates based on field surveys (Beniston and Lister 1992). Only gravel within the
wetted perimeter was included in the estimate.

® Present study.

Though loss of gravel has also occurred at the downstream embayment, a substantial
portion of the placed material (67 %) still remains (Table 12). Gravel distribution at the
downstream embayment in 1996 (Fig. 22) was similar to that observed in 1991
(Beniston and Lister 1992). Comparison of photographs taken in 1991 and 1996
indicates that gravel along the upper portion of the bench may have been scoured to a
lower elevation, producing a more gradual slope and causing the entire bench to be
flooded at most river levels (Fig.20).

Adult pink salmon were observed to spawn in the upstream and downstream
embayments in both the pre-construction assessment (1989) and the initial post-
construction assessment (1991). The replacement spawning habitat has clearly not been
sustained at the upstream embayment but the potential habitat created at the
downstream embayment (335 m %) should be capable of compensating for the estimated
loss of suitable habitat (140 m ) in the natural embayments (Beniston and Lister 1992).

Fish Utilization

The initial post-construction assessment in 1991 indicated that the suitability of rearing
habitat for juvenile salmonids, and the potential for pink salmon spawning, had actually
been increased by the habitat re-creation measures (Beniston and Lister 1992). The
continued integrity of the rock spurs, which are integral to creation of the eddies,
should ensure that rearing habitat quality is maintained. Incidental snorkel observations
during the present study revealed the presence of juvenile chinook at the upstream
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