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1.0 INTRODUCTION

AGRA Earth & Environmental Limited (AEE) was retained in 1995 by Yin Waghunlee Habitat
Enhancement Corporation (now Dz'ilh K'’Az Kwa Development Corporation) to conduct a Level
1 Fish Habitat Assessment within the Maxan Creek Watershed as part of a watershed
assessment funded by Forest Renewal British Columbia (FRBC). The Fish Habitat Assessment
was done for the mainstem Maxan, Foxy, and Crow Creeks and the upper Bulkley River and
their tributaries (see Figure 1). The assessment included a review of relevant fish and habitat
information, identification of affected fish habitat, a helicopter overflight, and rating of areas
for further assessment and enhancement work. AEE rated lower Maxan Creek as the highest
priority for further assessment work, followed by Bulkley River and Foxy Creek (AEE 1996).
High priority was assigned to Maxan Creek because the creek has key spawning and rearing
habitat for anadromous and resident salmonids and much of the watershed area has been
developed for forestry and agriculture.

AEE was retained in the summer of 1996 to conduct the Level 2 Fish Habitat Assessment of
the Maxan Creek Watershed. The aim of habitat evaluation is to identify habitat conditions
in surveyed reaches that may limit fish production and to suggest restoration projects
(Johnston and Slaney 1996: “Watershed Restoration Technical Circular No. 8"), which
includes: :

o identifying target fish species,

o determining if habitat requirements of various life stages of target fishes are met,

o where limitations are evident, noting locations, extent, and severity of the habitat
conditions that indicate limitations,

o identifying the physical or biological process that causes the observed limitation (what
is to be fixed in restoration projects), and

o summarizing habitat impairment and fish values for each reach.

Three creeks within the Maxan Creek Watershed were selected for assessment based on the
results of the Level 1 Assessment (AEE 1996) by the Ministry of Environment, Lands and
Parks (MELP) Watershed Restoration Program (WRP) Fisheries Specialist: Maxan Creek (lower),
Foxy Creek, and the upper Bulkley River. The Level 2 assessment field work was initiated in
October, 1996, and a helicopter and ground survey of visible degraded habitats of the upper
Bulkley River and parts of Foxy and Maxan creeks was done. Stream habitat restoration and
enhancement designs were made for 13 sites on the Bulkley River, 2 sites on Foxy Creek, and
1 site on Maxan Creek and are presented in a preliminary Restoration and Enhancement Design
Report (AEE 1997a). A detailed habitat survey and the fish habitat assessment could not be
completed at that time because of the heavy snow cover.

The Level 2 assessment field survey was completed in summer, 1997. The fish and fish
habitat assessment was completed at that time and is presented in this report. Site-specific
restoration prescription designs for those sites examined in 1997 are presented in a second
Restoration and Enhancement Design Report (AEE 1997b).
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1.1 STUDY OBJECTIVES

The primary objective of the Level 2 Fish and Fish Habitat Detailed Assessment for the Maxan
Watershed, based on the “Schedule A” Scope of Work, was to develop prescriptions intended
to rehabilitate or remedy impacts for two categories of sites:

Category 1: isolated impacts on a specific site, where those impacts are not cumulative in
nature.

Category 2: sub-units and/or reaches within those sub-units that have been identified in the
Level 1 Overview Assessment as heavily impacted and as having significant

resource values.

The prescriptions include:

o a geographic location of each site,

o photographs of impact,

e a description of work to be completed (restorative, rehabilitative, or mitigative
prescription),

o budget estimates, and

o time line estimates.

Prescriptions to rehabilitate or remedy the impact were developed for all Category 1 sites
(isolated impact). For the areas that fell within the Category 2 sites, a detailed fish and fish
habitat assessment was conducted. The specific objectives included:

o completion of the Habitat Survey Data Form 4 from “Watershed Restoration Technical

Circular No. 8";

° a fish assessment to determine fish presence, distribution, and relative abundance for
representative sites within the impacted reach; '

e estimation of age structure by analyzing fork length from a representative number of
captured fish;

e documentation of the location of redds, spawning, and holding adults;

° recommendations for short and long term objectives to rehabilitate the sub-unit;

° prescriptions to rehabilitate the sub-unit; and

o an explanation of how the prescriptions will lead to the overall objectives of watershed

restoration.
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1.2 STUDY AREA DESCRIPTION

The Maxan Creek Watershed encompasses 83 000 ha and contains 722 km of streams.
Approximately 18% of the streams have been affected directly by forestry or are within 100 m
of a road (AEE 1996). General reach characteristics are provided in AEE (1996) and Bustard
(1984).

Lower Maxan Creek, between Bulkley Lake and Maxan Lake, is a low gradient, unconfined to
occasionally confined meandering fifth order stream. It has been affected by agricultural
development and forestry, which has removed riparian vegetation. Several impacts to fish
habitat were identified in the Level 1 assessment including bank erosion, inadequate riparian
vegetation, and road crossings (AEE 1996). For upper Maxan Creek upstream of Maxan Lake,
impacts identified were beaver dams, lack of large woody debris (LWD), and some erosion.
Foxy Creek is a third order tributary to Maxan Creek that has been affected by forestry. Reach
1 of Foxy Creek is unconfined, low gradient, and reach 2 is entrenched within a canyon, which
has a series of falls and chutes between 10 and 12 km upstream from the confluence (Bustard
1984). Bank erosion, inadequate riparian vegetation, road crossings, and possible woody
debris barriers were identified as impacts to fish habitat (AEE 1996).

The portion of the Bulkley River within the study area meanders through agricultural land and
is bordered by the Canadian National Railroad (CNR) mainline. Riparian vegetation has been
altered in most areas and has been completely removed in some areas. Overhead cover from
vegetation, typically willow, is minimal. Erosion along outside meander bends has occurred,
and the reach is colonized by beaver.

The watershed provides habitat for several anadromous and resident fish species including
chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (O. nerka), coho salmon (O.
kisutch), Dolly Varden (Salvelinus malma), and rainbow trout (O. mykiss). For the study area,
these species are considered target species, i.e., species in known areas of habitat degradation
and therefore at risk or have had their abundances decline. Maxan Creek provides spawning
‘and rearing habitat for salmonids including coho, sockeye, and chinook salmon (Bustard 1984).
Juvenile chinook salmon have been found in Foxy Creek (Bustard 1984). The lower 3 km of
Foxy Creek was described as the main fish-producing section of Foxy Creek (Bustard 1989).
Rainbow trout were the most numerous in the lower 3 km gravel fan section of the creek and
are present to the canyon section 10 to 12 km upstream (Bustard 1984).

2.0 METHODS

AEE conducted the fish and fish habitat assessment survey within the Maxan Creek Watershed
on August 7 to 13, 1997. Reach breaks assigned to streams within the study area during the
Level 1 assessment were used for the fish habitat assessment.
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2.1 FISH HABITAT ASSESSNMENT

Habitat conditions within the reaches identified with Category 2 sites were determined by
walking the stream and surveying a random sample of habitat units to characterize the average
conditions within a reach. Habitat units distinguished, following the methods of the
“Watershed Restoration Technical Circular No. 8", were:

o pools (P): slow water areas with finer sediments including scour and dammed pools,
° glides (G): non-turbulent fast-flowing water,

o riffles (R): turbulent fast-flowing water,

J cascades (C): high gradient riffles, and

o other (O): wetlands including beaver ponds, or sub-surface flow, or where a channel

is not observed.

These habitats units were separated into:

° primary: units in the main channel that occupy >50% of wetted width;
o secondary: units in minor channels isolated from the main channel by vegetated island;
o tertiary: significant, identifiable habitat units within the main channel that meet the

minimum size criteria but are <50% of wetted width (see “Watershed Restoration
Technical Circular No. 8" for minimum size criteria).

All habitat units encountered within each reach sampled were recorded. The length of most
habitat units was measured, and a subsample of units was sampled to characterize habitat
conditions. Systematic random sampling from a random start point was used to select the
habitat units to be sampled. Typically, the second to fifth unit of each habitat unit was
sampled within a reach until a minimum of five of each habitat type was sampled. All habitat
characteristics were measured and recorded on the Habitat Survey Data Form (“Watershed
Restoration Technical Circular No. 8"). The survey start point was taken as the stream mouth
for Foxy Creek and the confluence with Bulkley Lake for Maxan Creek. Distance from the
survey start to the location of the downstream boundary of the habitat unit was measured
with a calibrated hip chain. Length of habitat units was measured with calibrated hip chain
or tape measure, and width was measured with a tape measure. Discharge was calculated
for Maxan and Foxy Creeks using the “floating chip” method in glide areas with no
obstructions.
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Habitat features recorded included (see Glossary for definitions):

° bankfull channel width (W,)

° length and wetted width of habitat units,

o water depth,

o bankfull depth (bank height and mean water depth),
J pool types and depths,

° % and type of cover and overstream canopy closure,
o large woody debris (LWD),

° barriers and disturbance indicators,

o riparian vegetation type and structural stage of dominant vegetation,
o spawning gravel amount and type,

o substrate characteristics, and

° off-channel habitat.

Comments were recorded for bank condition including any evidence of erosion. Some minor
additions to the standard methods for Fish Habitat Assessment were made. Channel gradient
was determined with an Abney Level for the channel measured over the longest possible
distance to obtain a more representative value of gradient (“Reconnaissance Fish and Fish
Habitat Inventory”) instead of for each habitat unit. A total cover estimate of the in-channel
covers available for fish was visually estimated as the percent of the channel area covered.
Cobbles were considered as part of boulder cover, because cobbles provide cover, especially
for fry. Deep pool cover was considered to be any depth that could provide cover where any
life-stage of fish could rest, hide, or feed and was not limited to pools greater than 1 m deep.
Adult holding pools were defined as pools meeting the minimum size criteria with a residual
pool depth equal to or greater than 1 m.

Habitat unit data were summarized by reach for each habitat unit. The mean length and
standard deviation for each habitat unit was calculated as the average for all habitat unit
lengths measured. Reach averages and reach totals were calculated as the weighted average
of the sampled habitat units for:

° % pool, riffle, and glide area;
o holding pools; and
e functional LWD tally.

Summary values for habitat parameters were determined following the methods of “Watershed
Restoration Technical Circular No. 8":

o Pool frequency was calculated as channel widths per pool: (reach survey
length/average bankfull width)/number of pools;
e Mean number of functional LWD pieces per channel width was calculated as the

functional LWD tally for the reach/(reach survey length/average bankfull width);

A\
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o Substrate quantity was calculated as the % occurrence of habitat units rated as having
abundant amounts of spawning gravels;

o Woody cover in pools was calculated as the average % of wetted pool surface area
comprised of wood cover;

o Total overhead cover in pools (all cover elements excluding woody debris) was

calculated as the average % of wetted pool surface area comprised of overhead
(boulders, cutbanks, instream vegetation, and overstream vegetation) cover;

o Cover in riffles and in glides was calculated as the average % of wetted surface area
for each habitat type comprised of all cover types (small and large woody debris,
boulders, cutbanks, instream vegetation, and overstream vegetation); and,

o Abundance of off-channel habitat was calculated as the number of identified off-
channel habitats/length surveyed (km).

Generic descriptors of habitat quality (Johnston and Slaney 1996) were used to help identify
damaged or poor habitat conditions. Regional standards for diagnostics of salmonid habitat
condition were not available for the Burns Lake area (Ministry of Environment, Lands and Parks
(MELP), Smithers, pers. comm.).

Sites of habitat disturbance and potentially limiting factors to fish production were identified
during the ground survey of Maxan and Foxy Creeks. All degrees of bank erosion were noted
during the habitat survey, including areas with minimal, natural erosion along outside meander
bends and areas with root masses maintaining some bank stability. Areas where banks were
unstable and had no root system from riparian vegetation that could provide some stability
were identified for site-specific restoration prescriptions. Other types of habitat degradations
noted included accumulation of sediment and debris, potential barriers to fish movement, and
inadequately vegetated riparian areas. Most types of habitat degradations were observed
where riparian vegetation has been altered or removed, roads were present, and cattle activity
occurred.

For each site identified with habitat degradation that would benefit from rehabilitation or
enhancement measures, site-specific restoration prescriptions were made and are presented
in the Restoration and Enhancement Design Report (AEE 1997b).

2.2  FISH ASSESSMENT

Fish species composition, distribution, and relative abundance were determined to help identify
heavily-used habitats by sampling representative sections of the reaches with Category 2 sites.
Sites sampled contained habitat representative of the reach.

Reach 2 of Maxan Creek was sampled with a Smith Root Model 12 B, programmable output
waveform, backpack electrofisher. Electrofisher output was operated at minimum settings of
90 Hz and 4 ms pulse width. Voltage was varied between 300 and 400 V.
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Fish immobilized with the electrofisher were retrieved with a dipnet and placed into a pail filled
with water from the creek. Fish were enumerated, identified to species, and fork length (FL)
was measured to the nearest millimeter. Once sampled, fish were released unharmed. Age
was assigned to individual size classes of rainbow trout based on fork length distribution.

Trout fry were abundant in Maxan Creek and were easily harmed by electrofishing. Changing
electrofisher settings did not appear to change the effect on fry, and electrofishing was
discontinued in riffle areas or where fry appeared abundant to minimize mortality. Only one
riffle was sampled for fry. Minnow traps were used at other sites sampled to help reduce
mortality of fry and because they are effective in a wide range of habitats. Baited minnow
traps were set overnight in glide, riffle, and pool habitats in Foxy Creek. Fish caught were
identified and enumerated and then released.

The relative abundance of fish at sites sampled was not compared between streams in the
study area. Where eletrofishing was done, catch-per-unit-effort (CPUE) was represented by
electrofisher CPUE and was calculated as the number of fish caught and observed per m? of
sampling area.

3.0 RESULTS AND DISCUSSION
3.1 FISH HABITAT

Within the study area, three reaches were identified with category 2 impacts: reaches 1 and
2 of Maxan Creek and reach 1 of Foxy Creek. Characteristics of the study reaches are
presented in Table 1 and Appendix A. Major impacts found are described in the Restoration
and Enhancement Design Report (AEE 1997b). Examples of typical habitats are shown in
Appendix B. '

TABLE 1
REACH CHARACTERISTICS WITHIN MAXAN AND FOXY CREEKS
Maxan,Cree Gmmamag :Foxy Creek i
ach 1 Reach2
Reach Length (m) 7294 6901
Channel Bankfull Width (W) (m) 20.2 17.8
Mean Wetted Width (m) _ 8.1 7.8
Reach Area (m?) 147339 122838
Wb per Reach 361 388
Riffle % Area of W, 18 20
Pool % Area of W, 13 5 2
|Glide % Area of W, 20 31 14
Riffle Length (m)’ 26+21 (88) 31+27 (37) 36 +34 (37)
Pool Length (m)’ 21+£13 (61) 15+7(9) 6+4 (11)
Glide Length (m)’ 30+26 (78) 39+26 (25) 19+12 (37)

' Mean Length + standard deviation (N) of category 1 habitat types
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Wetted channel width varied between one third and one half of bankfull channel width during
the survey. The stage of discharge was low, being < 30% of bankfull depth (Habitat Survey
Data Forms, Appendix C). Flood signs were abundant in all three reaches surveyed and
included rafted debris and newly deposited fluvial sediments.

The most abundant habitat type within reach 2 of Maxan Creek and reach 1 of Foxy Creek
was riffle {Table 2). Pools were the most abundant habitat type in reach 1 of Maxan Creek
and were larger on average than pools in reach 2 and Foxy Creek. Foxy Creek reach 1 had the
fewest and smallest pools. '

Primary riffle and glide habitat types were more abundant than secondary and tertiary units in
the reaches examined (Table 2). Tertiary pools were more abundant than riffles or glides
within each reach. '

TABLE 2
NUMBER OF HABITAT UNITS WITHIN STUDY REACHES IN MAXAN AND FOXY CREEKS

 Stream _ Habitat Unit

% Sampled

1 Primary 110 80 104
Secondary 21 9 17
Tertiary 5 61 4
Total 136 160 125
Sampled 11 10 11
% Sampled 8 7 9

2 Primary 97 37 92
Secondary 15 4 14
Tertiary 3 45 3
Total 115 86 109
Sampled 10 9

9

1 Primary 37 11 35
Secondary 9 2 6
Tertiary 1 15
Total 47 28 41
Sampled 16 14 16
% Sampled 34 50 39
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Maxan Creek Reach 1

Reach 1 of Maxan Creek had a low gradient (<3%]), irregular meandering channel occasionally
confined between unarmored banks. Riparian vegetation included grasses, willow, alder,
cottonwood, and spruce, and the canopy was open. Habitat consisted of large riffle/pool/glide
sequences (e.g., Appendix B). Backwater and side channel habitat has been created by
abandoned channels. Substrate was frequently embedded with fines, but water clarity was
clear to lightly turbid at the time of the survey. Boulders were present but rare. Fines
(including sand and silt) were abundant along channel margins, back eddies, pools, and
downstream ends of gravel bars and were common in glides and riffles. In addition, fines were
dominant in the lower part of the reach. Clay was present in areas along the reach.
Distribution of LWD was clumped, and few (less than one piece per W,) pieces of functional
LWD were present over the reach. Cover was provided mainly by overstream vegetation,
woody debris, and large cobbles. Filamentous algae was observed frequently in the reach.

Disturbance indicators found included eroding banks, LWD parallel to banks, log jams, and
extensive sediment wedges. Land surrounding reach 1 is used for agriculture, and livestock
have free access to the creek throughout the reach. Bank erosion was most extensive along
areas cleared to the banks, but was present in uncleared areas also. In the few areas where
clay was present in v-shaped to almost vertical banks, downslope movement of the banks was
occurring.

Maxan Creek Reach 2

Maxan Creek reach 2 was slightly narrower than reach 1 but also had a low gradient (<3%),
irregular meandering channel that was frequently confined between unarmored banks. Riparian
vegetation included grasses, willow, alder, cottonwood, and spruce, but mixed forest was
dominant. Canopy closure was up to 20%, in contrast to reach 1, which was open. Habitat
consisted of large riffle/glide sequence and smaller, less frequent pools. Substrate in riffles
and glides was dominated by cobbles and gravels and was rarely embedded with fines. Sand
was present along channel margins, in pools, and along and in bars. Water clarity was clear
at the time of the survey. Distribution of LWD was clumped, and more than one piece of
functional LWD per W, was present. Large and small woody debris, overstream vegetation,
and large cobbles provided the main types of cover for fish.

Disturbance indicators found included some eroding banks, LWD parallel to banks, log jams,
and extensive bars. Land surrounding reach 2 is used for agriculture and forestry. Bank
erosion was also present in uncleared areas on outside cutbanks and meander bends but was
less extensive than in reach 1.
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Foxy Creek Reach 1

Reach 1 of Foxy Creek had a low gradient (<3%), irregular wandering channel occasionally
confined between unarmored banks. Multiple channels and channel shifting is common.
Riparian vegetation included willow, alder, cottonwood, and spruce. Canopy closure was
generally up to 20%, but some areas were open. Habitat consisted of large riffle/glide
sequences. Pools were infrequent and most were formed behind woody debris and some
boulders. Beaver activity within the reach had created two extensive flooded sections.
Substrate was dominated by cobbles and gravels except in pools within the reach, which
contained fines. Boulders were more common than in Maxan Creek. Water was clear at the
time of the survey. Distribution of LWD was clumped and abundant (more than one piece of
functional LWD per W,). Overstream vegetation, woody debris, cutbanks, and large cobbles
provided fish cover.

Disturbance indicators found included some eroding banks, LWD parallel to banks, mid-channel
bars, log jams, and extensive sediment wedges. Land surrounding reach 1 is used for forestry
and agriculture. Livestock has access, primarily within the lower part of the reach. Bank
erosion and undercutting was present along outside meander bends. Most banks were
stabilized by riparian vegetation including willows, spruce, and cottonwood. The reach had
more natural forested, stable banks than Maxan Creek.

3.2 FISH ASSESSMENT

In total, five species of fish were sampled from Maxan and Foxy Creeks (Appendix C).
Rainbow trout and longnose sucker (Catostomus catostomus) were found in Foxy and Maxan
Creek. In addition, mountain whitefish (Prosopium williamsoni), Pacific lamprey ammocoetes
(Lampetra tridentata), and longnose dace (Rhinichthys cataractae) were caught in Maxan
Creek. Rainbow trout dominated the catch.

Catch within the two creeks was comprised of immature fish, most of which were fry and one
year old rainbow trout (Appendix C). Fry rainbow trout (29 to 33 mm FL, N= 6) were the
most abundant life-stage observed during electrofishing in Maxan Creek and during the ground
survey. Most fish caught in both creeks were one year old rainbow trout (67 to 89 mm FL,
N =24). The other rainbow trout caught were also juveniles, likely age 2 (94 to 112 mm FL,
N=28). The sizes of the fry and juvenile rainbow trout were similar to those reported by
Bustard (1984} for rainbow trout caught in Foxy Creek in September (fry 25-48 mm FL; age
1+ 61-101 mm FL).

Rainbow trout fry were found and observed in shallow riffle habitat in Maxan Creek and some
pools and backwater areas. Juveniles were most often found in deeper water in glides and
riffles, but were also observed in pools. Other species, including suckers and minnows, were
observed throughout the reaches sampled, typically in isolated pools in backwater areas or side
channels isolated from the main channel and in glides and pools (Appendix A).
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High numbers of juvenile rainbow trout, compared to other streams in adjacent areas, have
been reported in Foxy Creek (Bustard 1989). The density of rainbow trout fry caught in Maxan

Creek during this study was comparable to densities in other Bulkley River tributaries but was
low compared to the high density found in Foxy Creek in September, 1984 (Table 3).

TABLE 3
RAINBOW TROUT DENSITY (NUMBER/m?)

Maxan Creek reach 2 0.1 <0.01 this study

Foxy Creek reach 1 1.27 0.95 Bustard 1984
Crow Creek 0.08 - Tredger 1982
Buck Creek 0.14 - Tredger 1982
Maxan Creek 0.3 0.19 Tredger 1982

Bustard (1989) suggested that the fry and juvenile rainbow trout are the progeny of resident
rainbow trout, possibly from Maxan Lake. Adult rainbow trout were found in Foxy Creek in
July 1984, which were likely resident rainbow trout (Bustard 1984). Lower Foxy Creek and
Maxan Creek provide important rearing habitat for fry and parr of other salmonids (AEE 1996,
Bustard 1984). Juvenile coho, chinook, and sockeye salmon have been found in Maxan Creek,
and juvenile chinook salmon and Dolly Varden were found in the lower portion of Foxy Creek
in September 1984 (Bustard 1984).

3.3 HABITAT EVALUATION

Habitat conditions within Maxan and Foxy Creek were evaluated by identifying habitat needs
of the life history stages of the target fish and determining if the available habitat meets the
habitat requirements of the fish. Critical habitat needs of the life history stages present within
the study creeks are:

° migration corridors, which includes adult holding habitat,

o spawning habitat, including egg incubation and hatching needs,
° rearing habitat, and A

o overwintering habitat. |

Rainbow trout and salmon prefer fast-moving water over bedrock or substrate interspersed
with clean gravel and cobble for spawning. Salmonids have specific habitat requirements for
successful spawning with regard to substrate, temperature, oxygen content, water depth, and
velocity (Table 4), as well as for rearing and adult habitat (e.g., refer to Behnke 1992, Bjornn
and Reiser 1991, Scott and Crossman 1973 for more detail descriptions of habitat
requirements).
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TABLE 4
PREFERRED HABITAT CHARACTERISTICS FOR SPAWNING AND REARING SALMONIDS
(BJORNN AND REISER 1991)

 Habitat Requiremen

Water Depth (cm) >18 >24 >18 >15

Water Velocity (cm/s). 48-91 30-109 30-91 21-101
Substrate Size (cm) 0.4-10 1.3-10.2 1.3-10.2 1.3-10.2
Area (m?) 0.2 3.3-10 2.8 1.8

Dissolved Oxygen (mg/L)

) juvenile: 8-20 ) . -
Water Velocity (cm/s) adult: 20-30

juvenile: cobble/gravel ] o )
SBDSTTEE adult: cobble/gravel

Generic descriptors of habitat quality (Johnston and Slaney 1996) were used to help identify
limiting or poor habitat conditions in order to rate whether available habitat is suitable for the
life stages of the target fish species (Table 5). In general, habitat within lower Maxan Creek
and reach 1 of Foxy Creek is suitable for salmonids and does provide required conditions for
different life stages. Habitat conditions in terms or rearing, spawning, and adult migration are
discussed in the sections below.

Summer Rearing

Although lower Maxan Creek is a large stream (>15 m mean bankfull width), it has a low pool
frequency, and pool area is only a small portion of available habitat. Foxy Creek also has
small, infrequent pools. Pools provide important resting and feeding habitat, and the transition
zone between pools and riffles creates conditions for maintaining gravel quality. Functional
LWD is important for pool formation, channel geometry, and channel stability, and LWD was
rated limited within reach 1 of Maxan and Foxy Creeks. Therefore, habitat condition for pools
and functional LWD tally was rated only poor to fair for rearing salmonids.

Overhead cover, which includes LWD, boulders, cutbanks, instream vegetation, and
overhanging vegetation, was frequently less than 20% of wetted width in reach 1 of Maxan
Creek and less than 40% in reach 2. Some long habitat units, particularly glides and riffles,
had little cover and were featureless. However, average % cover was greater than 10% and
therefore rated fair to good. The majority of pools had adequate SWD and LWD cover.
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TABLE 5
HABITAT DIAGNOSIS SUMMARY FOR MAXAN CREEK AND FOXY CREEK
Maxan Creek Foxy Creek
Habitat Parameter Fish Use Reach 1 Reach 2 Reach 1
Value [ Rating Value | Rating Value | Rating
Pool area rearing 13 Poor 5 Poor 2 Poor
(%)
Pool frequency rearing 2.5 Fair 4.5 Poor 0.7 Poor
(channel widths/pool)
LWD rearing 0.8 Poor 2 Fair 1.2 Poor
(pieces per Wb)
% Wood cover in pools rearing 16 Fair 43 Good 29 Fair
(average % LWD+SWD
cover in pool habitat)
Boulder cover in rearing trace Poor trace Poor trace Poor
gravel-cobble riffles
Cobble cover in riffles fry rearing 9 Good 11 Good 15 Fair
(%) juvenile rearing| (5-25) Fair (5-25) Fair
Pool overhead cover rearing 32 Good 40 Good 14 Poor
(%) (5-33) (19-76) (2-25)
Riffle overhead cover rearing 10 Fair 22 Good 22 Good
(%) , (5-25) (5-80) (5-50)
Glide overhead cover rearing 12 Fair 26 Fair 21 Fair
(%) (5-25) (15-40) (10-40) '
Off-channel habitat winter rearing none Poor none Poor none Poor
(#/km) spring rearing 3 Fair 6 Fair 9.5 Good
Holding pools adult migration 5 Fair 3 Poor 2 Poor
(pools > 1m deep/km) '
Access to spawning areas  [spring adult no Good no Good no Good
migration blockage blockage blockage d
fall adult low flow Fair low flow Fair low flow Fair
migration
Gravel quality spawning and |moderate Poorto | extensive Good extensive Good
(gravel-cobble riffles with no |incubation amounts; Fair amounts amounts
fines) fines
abundant
Gravel quantity spawning and 45 Good 50 Good 31 Fair
(% of riffles with extensive  |incubation
amounts of potential
spawning gravel)
Water velocity rearing 34 Good - 25 Good
(cm/s)
Redd scour spring - Fair - Fair - Fair
spawning and
incubation

Average (range)
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Although boulder cover was rare, overall cover within rearing habitat was considered fair to
good, although pool habitat was limited.

Winter Rearing

Reach 1 of Maxan Creek appears to have adequate pools > 1 m deep with cover for
overwintering habitat. Foxy Creek and reach 2 of Maxan Creek have limited holding pools.
However, fish can move downstream to Maxan Lake or Bulkley Lake to overwinter. Based on
the results of the ground survey, off-channel habitat connected to mainstem was limited and
access was poor at low water levels. Reach 1 of Maxan Creek had fines as the subdominant
or dominant substrate in riffles with cobble, and infilling of cobble cover would limit available
habitat. Low water levels and velocities may limit overwinter survival of fry or incubating eggs
in some vyears.

Juvenile Migration

Access for fry and parr to off-channel habitat within Maxan Creek and Foxy Creek depends
on water levels. This type of habitat is seasonal; reduced connections with tributaries and off-
channel habitats were observed during the summer low flow period. Fish, mostly minnows,
were observed stranded in the side-channels and flood-channels that were no longer connected
to the main channel. These off-channel areas are more likely to provide habitat during spring
runoff and function as fish sensitive zones. Access to these areas is likely good in spring and
during high water levels but is low during late summer and winter. Based on access
conditions, winter rearing in off-channel habitat was rated poor, and spring rearing was rated
fair.

No permanent barriers to fish movement were found during the survey. The LWD jams were
not barriers; flow was observed around or under log jams. Some log jams may be partial
obstructions depending on water levels. The beaver dams found during the survey may also
be obstructions at low flows but are not permanent. Trout and salmon have been caught
upstream of obstructions to fish movement that were present within Maxan and Foxy Creek
(e.g., Bustard 1984), including beaver dams and log jams, indicating that such obstructions
are not barriers.

No evidence of channel dewatering or isolated pools were found, except within Foxy Creek
approximately 1700 m upstream from the confluence where the channel was dry. Water had
been diverted outside of the original channel at a log jam, likely during high water levels.
Beaver dams were present within the area also. Fish movement within this section of the
creek would be limited until the flow returns to its original channel.

\
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Adult Migration

Access to spawning areas by adult salmonids was rated good for rainbow trout in Maxan and
lower Foxy Creek. A natural obstruction to upstream fish movement is present in Foxy Creek
approximately 10 to 12 km upstream from its confluence (Bustard 1984). No other permanent
fish barriers was found during the survey. Beaver dams within Maxan Creek and Bulkley River
would be partial obstructions at low flows. Low flows in late summer and fall may limit fall
spawners (salmon) if water depths and velocities are too low.

Adult Holding Habitat

Holding habitat for adult fish during the spawning migration was rated fair in reach 1 of Maxan
Creek, which had 5 pools/km with residual depths greater than 1 m during low flow (summer).
Fewer holding pools were available in reach 2 and in Foxy Creek.

Spawning and Incubation

Some general spawning areas known from historical information and areas of potential
spawning gravels were identified. Bustard (1984) found newly emerged rainbow trout fry in
lower Foxy Creek, which suggests suitable spawning gravel was present. Gravel and cobbles
were abundant within Foxy Creek and reach 2 of Maxan Creek. Sands, including silts, were
common in reach 1 of Maxan Creek, and glides and riffles had cobbles with fines filling
interstices. Spawning habitat was rated poor to fair for reach 1. Based on the diagnostics of
habitat condition for salmonids, reach 1 of Foxy Creek was rated only fair for spawning gravel
abundance but did have higher quality spawning habitat that the lower reach in Maxan Creek.

Low flows in late summer and fall may limit spawning if water depths and velocities are too
low. Minimum preferred water depth for spawning areas for the target fish species is 15 cm,
and average riffle depth within the study reaches was 13 to 16 cm in riffles and 30 to 32 cm
in glides in all three reaches.

No redds were found during the survey, but potential for redd scour exists. Water velocities
and depths for fall spawners may be limiting during years of low flow. Mean water depth
within riffles was less than 16 cm when surveyed in August. Bustard (1984) found average
riffle water depths of 15 to 20 cm within reach 1 of Foxy Creek at the end of September,
1984, indicating suitable water depths may be present.
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5.0 CONCLUSIONS

The dominant fish use within Maxan and Foxy Creek is rearing. Limiting rearing habitat
conditions included pool area and frequency, lack of functional LWD, minimal off-channel
habitat, some infilling of gravels and cobbles, and limited holding pools. Channel aggradation
and channel widening from bank erosion has occurred, especially in reach 1 of Maxan Creek.
Common disturbances indicators found were eroding banks, sediment wedges, extensive bars,
and LWD parallel to banks. Habitat condition within Maxan Creek reach 1 was rated poor for
functional LWD and off-channel habitat, and within reach 2 was rated poor for pools and off-
channel habitat. Reach 1 had abundant fines, and infilling of cobble and gravel was occurring.
Foxy Creek habitat condition was rated poor for those habitat parameters also, in addition to
holding pools.

These limiting or poor habitat conditions are caused by loss of riparian vegetation and LWD,
erosion, and resulting sedimentation. Land use practices within a watershed, such as forestry.
and agriculture, can lead to these types of habitat degradations in addition to loss of habitat
heterogeneity and changes in water quality and hydrological regime (Chamberlain et al. 1991).

Sites of habitat degradation in reaches with category 2 sites selected for restoration were
found primarily where fields, roads, and cattle impacts occurred and had poorly or
unvegetated, unstable banks. Most areas selected contained relatively large areas of actively
eroding banks. In addition, sites that contained some bank erosion but had minimal cover and
areas where log jams have diverted flow and have caused accelerated erosion of unstable
banks were also selected for stream habitat restoration. Most of these areas selected for
prescription work had inadequate riparian cover.

Sites within the reaches with only some impact, such as minimal bank erosion or low instream
cover, were not considered as high priority for prescriptions (e.g., site at cattle guard access)
because habitat problems were minimal compared to other sites. Bank erosion within all three
reaches was common and related to bank texture. Other reaches within Foxy Creek, Maxan
Creek, and the Bulkley River had been examined in 1996, and no other sites were selected for
enhancement work. Although important resource values occur within the other reaches within
Maxan and Foxy Creeks (migration corridor, rearing and spawning habitat), impacts were not
rated as requiring immediate prescription work. The site approximately 1700 m upstream from
the confluence of Foxy Creek should be reassessed after spring freshet; if the water diversion
is still present, enhancement or restoration work may be necessary.

Major habitat degradation sites identified were selected for restoration work. Riparian
management of lower Maxan Creek would help to restore and minimize minor impacts in other
areas not selected. Riparian management will lead to increased stream cover, input of woody
debris (which in turn can lead to increase habitat complexity and new pool formation), and
bank stability. Vegetation with good root mats resists erosion and traps sediments which
stabilizes and rebuilds banks and will help reduce erosion in other areas not enhanced. Long
term goals for improving and maintaining fish habitat within the creeks should include riparian
management (refer to the Restoration and Enhancement Design Reports).
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APPENDIX B

PHOTOGRAPHS OF TYPICAL HABITAT IN MAXAN AND FOXY CREEKS

&) AGRA Earth & Environmental

ENGINEERING GLOBAL SOLUTIONS



Photograph A-1. Maxan Creek reac 1. \/ 'nsam of typical riffle/glide sequence.

Photograph A-2. Maxan Creek reach 1. View downstream of riffle.
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Maxan Creek reach 1. View downstream of fines accumulation along
bar and bank.



Photograph A-5. Maxan Creek reach 2. View downstream of riffle and LWD




Photograph A-10.

Foxy Creek reach 1. View upstream of r
is undercut.

¥ 4

Foxy Creek reach 1.

e

View upstream of cover .

iffle. Right downstream bank




APPENDIX C

HABITAT SURVEY DATA FORM
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APPENDIX D

FISH DATA

&) AGRA Earth & Environmental

ENGINEERING GLOBAL SOLUTIONS
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Banks
° LB = left bank facing downstream
o RB = right bank facing downstream.

Barriers to Fish Movement

° N = no barriers

° X = log jams

e CV = culverts

° BR = disused bridges

e BD = beaver dams

© F = falls, vertical drops greater than 2 m

e LS = landslides or downslope movement of banks
° C = cascades or chutes.

Bed Material

o Dom = dominant

° S = sands, silts, clays or fine organic material (<2 mm diameter)
° G = gravels (2 - 64 mm)

° C = cobbles (64 - 256 mm)

° B = boulders (256 - 4000 mm)

o R = bedrock (>4000 mm).

Cover

Cover is structural elements in the wetted channel or within 1 m of the water surface that
provides habitats where fish can hide, rest, or feed. It is estimated as a percentage (to nearest
5%) of wetted surface area that is covered by the following cover types:

° B = boulders

° C =cut banks

° DP = deep pools

° OV = overhanging vegetation within 1 m of the water surface

e IV = instream vegetation

o SWD = small woody debris, is a piece of dead wood, having a diameter < 10 cm and

a maximum length of 2 m that intrudes into the bankfull channel.
TR = trace, if the cover is less than 2% of the habitat unit area
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Disturbance Indicators
Field indicators of channel degradation and aggradation, changes in sediment supply and
transport, bank impacts, and abundance of pools, steps or riffles.

| Code.

Bed Characteristics: | 1. Extensive areas of scour SC
2. Extensive areas of (unvegetated) bar Dw
3. Large, extensive sediment wedges WG

4. Elevated mid-channel bars MB

5. Extensive riffle zones LR

6. Limited pool frequency and extent FP

| Channel pattern: 1. Multiple channels , MC
Banks: 1. Eroding banks EB
2. Isolated sidechannels or backchannels BC

LWD: 1. Most LWD parallel to banks PD
2. Recently formed LWD jams JM

Functional LWD
LWD pieces that are the primary cause of the formation or geometry of a pool that are
attached or embedded in the stream or bank.

Maximum Pool Depth (m)
Measured (or estimated, if necessary) maximum water depth (£ 0.05 m) within the pool.

Off-channel Habitat
Habitat separate from the main channel that may be used as fish refugia.
o SC = side channels

° SL = sloughs
o PD =ponds
o WL = seasonally flooded wetlands that could be used as refuge during high flows.

Access to off-channel habitat is noted as:
no access to fish

o P = accessible at high flows only
accessible at most flows.

°
=2
Il

®
o
Il
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Overstream Canopy Closure
The proportion of the surface area of the stream that is covered by the projecting riparian

canopy.

o 1-0-20% covered

o 2 - 20-40% covered

o 3 -40-70% covered

° 4 - 70-90% covered

o 5 - >90% covered.

Pool Type

o S = scour pool, formed by scouring around or adjacent to an obstruction such as a log,
boulder, or root wad or by flow convergence where two channels join

o D = dammed pool, formed by impoundment behind a channel-spanning obstruction
such as a beaver dam, log or log jam

o U = unknown (unable to classify).

Residual Depth (m)

The residual depth (+ 0.05 m) of the pool as the difference between the maximum pool depth
and the riffle crest depth (or pool outlet depth). Note that pools must meet both minimum
surface areas and minimum residual depth criteria to be counted.

Riffle Crest (Pool Outlet) Depth (m)
The water depth (= 0.05 m) at the pool outlet.

Spawning Gravel
Spawning gravels are gravels that are located in areas where water depths greater than 15 cm
and water velocities between about 0.3 and 1.0 m.s "' are expected during spawning season.

° N = no suitable gravel patches in the habitat unit
e L = little suitable spawning gravels (e.g., isolated pockets)
o H = extensive areas of spawning gravels.

The type of spawning gravel is:

° R = suitable for resident trout and char (spawning gravel patches for (small) resident
trout and char should be greater than 0.1 m? in area with particle size between 10-
75 mm)

o A = suitable for anadromous salmon (spawning gravel patches should be 1-2 m? in
area with a particle size between 10-150 mm)

o AR = suitable for both resident trout and anadromous salmon.

Riparian Vegetation
Dominant vegetation type in the riparian area within 20 m of the stream channel. Vegetation
Type includes:

J N = largely unvegetated, with much bare mineral soil visible

J G = grasslands or bog

° SH = shrub/herb, dominated by herbaceous or shrubby vegetation
° D = deciduous forest

o C = coniferous forest
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M = mixed deciduous-coniferous forest.

Structural Stage

INIT = the non-vegetated or initial colonization stage following disturbance, with less
than 5% cover

SHR = shrub/herb stage with less than 10% tree cover

PS = pole-sapling stage, with trees overtopping the shrub layer, usually less than 15-
20 years old

YF = young forest. Self thinning is evident and the forest canopy is differentiating into
distinct layers. Stand age is typically 30-80 years.

MF = mature forest with well-developed understory.
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