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ABSTRACT

The Deadman River, a known Thompson River summer steelhead
spawning tributary, was studied by the Fish Habitat Improvement Section
in late August, 1979. The major objective was to identify potential
steelhead enhancement opportunities in the Deadman River and Criss Creek.
The study was conducted by late summer fish habitat and carrying
capacity analysis.

The salmonid population was composed primarily of rainbow
trout juveniles, up to saturation levels, with lesser numbers of chinook
and coho salmon. Late summer standing crop, growth rate and juvenile
migration data indicate that smolt yield directly from the Deadman River
and Criss Creek was not sufficient to produce enough smolts fo? the
observed adult escapement. The steelhead juvenile life history pattern
suggests that smolts are produced by a number of routes, including
directly in the Deadman River and Criss Creek, and by rearing in the
mainstem Thompson River as a result of Deadman River outmigrants. The
majority of smolts appear to be produced as a result of yearling
outmigrants.,

Fish habitat was found in the Deadman River to be limited in
quality by substrate compaction in large substrate areas, and in small
substrate areas by riparian land use activities. Limiting factors in
steelhead smolt production were in the overwintering habitat and parr
habitat areas. A recommended enhancement strategy to maximize the
number of yearling migrants to the Thompson River is suggested. Over-
wintering and summer parr habitat improvement methods and increased
habitat protection measures are recommended.
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1.0 INTRODUCTION

The Deadman River has been identified as a major spawning
stream of the Thémpson River summer run steelhead. Radio tagging studies
by McGregor (in prep.) have shown that adult steelhead move into the
Deadman River to spawn in late April/early May from overwintering sites
in the Thompson River. In 1979 an estimated 300 to 400 steelhead were
observed in the stream.

In late August, 1979 the Fish Habitat Improvement Section of
the B. C. Fish and Wildlife Branch, at the request of the regional
fisheries biologist, conducted a biophysical assessment of the Deadman
River and a tributary, Criss Creek. The purpose of the study was to
identify potential fisheries (steelhead) enhancement opportunities in
the stream. The study was conducted through late summer carrying capacity
analysis, involving habitat and fish population assessment. Included
in this report are discussions on fish habitat within the Deadman River
watershed, associations between fish and fish habitat, life history of
Deadman River steelhead, and opportunities for enhancement of the stock.

The project was completed under the Salmonid Enhancement Program.

2.0 THE STUDY AREA

The Deadman River flows into the Thompson River roughly 4km
downstream from the outlet of Kamloops Lake (Fig. 1). The stream has
a mainstem length of approximately 90km and a drainage area of 1,450km2.
The watershed varies from a forested upland plateau forming the head-
waters to near desert conditions in the Thompson Valley near the mouth.
The stream lies within the interior dry belt of south central B. C.
characterized by hot dry summers and cold dry winters. Most precipitation
occurs in the upland plateau during the winter as snow. The major feature
of the discharge regime is spring freshet, followed by low summer and
winter flows.

This study was focussed on the area open to anadromous

salmonids, covering the lowest 42km of the Deadman River below Snohoosh
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Lake and 17km of the major tributary, Criss Creek. The Deadman River
below Mowich Lake ranges in discharge from 30m3/s (1100cfs) during freshet
to 0.1m3/s (3c¢fs) during low flow periods in the fall and winter. The
main land use along the stream is agriculture, primarily cattle ranching
and forage crop cultivation (hay, alfalfa). Agricultural activities are
concentrated from 5km below Mowich Lake to above the Deadman's Creek
Indian Reservation (19km), with sporadic developments through the reserve.
A small village is located 12km from the mouth. Owing to the arid nature
of the area irrigation demand on the stream is high. In 1976 the Deadman
Creek Improvement District constructed a dam at the outlet-of Snohoosh
Lake to ensure adequate storage for summer irrigation purposes.

The only major tributary to the Deadman River is Criss Creek.
This stream has a drainage area of 500km2 and a discharge range from near
zero in late summer to a maximum of 45m3/s {(1600cfs) during freshet. The
lowest lkm of Criss Creek flows through agricultural land, while the
remaining 16km of potentially anadromous stream is undeveloped. Agricul-

tural development is present in the headwater plateau.

3.0 METHODS

The Deadman River, from the Thompson River to Mowich Lake, and
Criss Creek were studied August 22 through 29, 1979. The procedure
involved habitat assessment throughout the stream and fish population
estimates at selected sites. Results were then applied to represent
the whole stream.

Habitat assessment was conducted by the "habitat unit" sampling
technique developed by the Fish Habitat Improvement Section in 1979
(DeLeeuw, in prep.; Tredger, 1980). This technique involved sampling
units of habitat (pools, glides and riffles) throughout the stream on a
reach basis. Units were sampled in sets of 6 or 12 in a continuous
fashion, with up to 3 or 4 sets per reach. Assessment of habitat units
quantified 21 parameters representing stream channel hydrology, substrate,

cover and water quality., Habitat data was analyzed by computer



and results are reported as total and percentage area by reach of pools,
glides and riffles, and average values and percentages of measured
parameters in eaqh. An outline of habitat unit parameters is given in
Appendix I,

Fish population estimates were conducted by the removal method

following standard Section procedures of site isolation (stop nets) and

electrofishing (Wightman, 1979). A total of 12 population estimates were

completed in the Deadman River and 2 in Criss Creek. Results were then
related to habitat parameters collected by the habitat unit procedure at
each study site. Relationships between population variables and habitat
parameters were obtained by direct graphical analysis and linear regres-
sion techniques. These relationships were used in describing habitat

utilization by salmonids in the Deadman River, and in extrapolating the

data to estimate standing crop.
4.0 RESULTS
4.1 Water Quality and Discharge
Water Chemistry
Water chemistry data forwarded by the Water Investigations

Branch indicated good water quality in the Deadman River system over the

past 10 years (Table 1).

TABLE 1 Deadman River water quality data, 10 year summary 1970 to 19380, taken from,
Water Investigations Branch files,

DEADMAN
AT MOUTH

DEADMAN ABOVE
CRISS CREEK

CRISS CREEK
AT MOUTH

pH (relative units)
specific conductance (uohm/cm)
dissolved oxygen (ng/l)

nitcate N (mg/1)
total phosphate

8.2 (7.3-9.25)
258.7 (89-400)

11.03 (8.9-14.4)
.038 (.02-,16)

.013 (.004-.181)

8.2 (7.5-9.1)
289.4 (50-425)
10.3 (6.5-13.6)
.06 (.02~.19)
.018 (.006-.429)

8.06 (7.4-8.8)
176.8 (47-418)

11.07 (9.2-14.2)
.034 (.02-.08)

.013 (.004~.127)
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The wide range in many of these parameters is related to variations in
discharge, mainly low winter flows and spring freshet. Conductivity and
nutrient levels were moderately high, suggesting a productive environment.
Dissolved oxygen concentration was always within acceptable limits.

Water quality analysis conducted by Starr (1979) found the stream generally

suitable for salmonid rearing.
Water temperature

A Ryan thermograph was installed in the ﬁiddle~portion of the
Deadman River (Reach 7, 26km) for the period July 29 to August 22, 1979.
Maximum temperature recorded at this location was 18°C. More detailed
temperature investigations were conducted by Starr (1979) in which
continuous temperature records were kept for 3 sites over a year-and-a-
half (July, 1977 to December, 1978). This study found the area subjected
to highest stream temperature was that below the Indian village (Reaches
1 and 2, 0-12km). High summer temperatures ranging up to 24°C were
recorded at the lowest thermograph site (Reach 1, 3km), howeverpaverage
temperafure seldom exceeded 20°C. Mean weekly high temperatures over
22°C were recorded for 3 weeks in August, 1977. The almost complete lack
of stream canopy cover below the village was a major factor in causing
high water temperature, as was the occurrence of daily high air tempera-
tures in excess of 40°C in the summer months.

Although the temperatures recorded may not be lethal to

'salmonids, they are capable of causing severe stress and perhaps an

avoidance reaction. Bell (cited in Reiser and Bjornn, 1979) indicated
that cold water fish cease growth at temperatures above 20.3°C because of
increased metabolic activity. Reiser and Bjornn (1979) have found that
density of steelhead fry were higher in chaﬁnels with lower temperatures.

The presence of high stream temperature in the lower stream area may

therefore detract from its utility as a rearing area for salmonids.



Discharge

The discharge regime of both Deadman River and Criss Creek is
characterized by‘high flows during spring freshet, with low flows
occurring through the fall and winter months (Appendix IT). As a result,
high irrigation demand causes a conflict between fisheries and agricul-
tural activities.

A detailed analysis of the hydrology, discharge regime and
water budget was completed by Hamilton (1974). This study conducted a
detailed analysis of water licences and irrigation demands relative to
supply prior to construction of the Snohoosh Lake dam. 1In the above
study a longitudinal profile of discharge in the Deadman River below
Snohoosh Lake indicated a significant variation in discharge between
sites. Discharge measurements taken during this study indicated variable
discharge as well (Table 2), ranging from 0.5 to 0.6m3/s in the lower
26.5km, with a minimum of 0.30m3/s (10.7¢fs) in an area 30 to 32km from
the mouth.

TABLE 2 Longitudinal variation in mean discharge of the Deadman River,
August 22 to 29, 1979.

DISCHARCE

REACH STREAM AREA (km) m3/s fs
1 0 - 6.6 0.58 20.7
4 16.3 - 21.5 0.56 20.0
5 21.5 - 23.9 0.60 21.4
6 23.9 - 25.9 0.51 18.2
7 25.9 - 26.5 0.60 21.4
8 26,5 - 30.2 0.40 14.3
9 30.2 - 32.2 0.30 10.7

10 32.2 - 36.1 0.50 17.9

§§
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Much of the flow disappears as groundwater roughly at Tobacco Creek, and
fully reappears near Gorge Creek. Prior to dam construction this 5.7km
section was appérently intermittently dry in the late summer to winter
low flow period (Hamilton, 1974). With the dam in place adequate
discharge is prolonged through the irrigation period, however once
irrigation demand is finished water release from the dam is stopped, and
this portion of the stream again becomes dry. McGregor (pers. comm.)
has indicated the zone of dryness extends downstream to roughly 28.7km
(Docksteaders), covering a distance of roughly 2.5km.

During this study Criss Creek was dry over the lowest 1,0km,
however throughout the remainder of the stream sampled discharge was
roughly 0.10m3/s (3.5cfg). The dry section corresponded with the
Deadman River historic flood plain, allowing the entire flow to disappear
as groundwater. An unscreened irrigation diversion located upstream of

the Criss Creek road bridge (1.5km) was removing about half of the flow.
4,2 Fish Habitat in the Deadman River and Criss Creek
4.2.1 Physical habitat analysis

The Deadman River, up to Mowich Lake (roughly 37km) was
divided into 11 reaches (Fig. 2) based on air—photo analysis and ground
reconnaissance. Criss Creek was divided into 3 reaches over the 17km
accessible length. A summary of genéral reach characteristics outlining
the basic habitat types, riparian land use and stream channel alterations
is given in Table 3. A detailed analysis of fish habitat based on
habitat unit sampling is included in Appendix III as physical data summary
tables for each reach. The data in Appendix III represents overall mean
values of the habitat unit sampling in each reach. A series of

representative photographs is included in Appendix IV,

Deadman River

Only 8 of 11 reaches in the mainstem Deadman River were studied

by the habitat unit procedure. Reaches 2, 3 and 11 were excluded because
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TABLE 3

Summary of general reach characteristics of the Deadman River and Criss Creek, August 22 to 29, 1979,

GRADIENT®

REACH LENGTH MAJOR SUBSTRATE  HABITAT X b4 b4 RIPARIAR LAND USE/AMOUNT® STREAM ALTERATIONS® COMMENTS
(km) (€3] SUBSTRATESD QUALITY TYPE POOL RIFFLE CGLIDE
DEADMAN RIVER
1 6.65 1.5 c, B, Lg compacted, 1 9.6 5B.4 32.0 Indian Reserve, very none "degert" envirenment
overlain lirrle activity no canopy cover
with fines
2 6£.18 0.7 g, C, B nla 1 - - - Indian Reserve; some noge increasing but
agricultural use; small sparse canapy cover
village
3 3.4% 1.6 Lg, Sg, ¥ n/a 2 - - - Indian Reserve; moderate occasional bank riparinn vegetation
agricultural ugse armouring (car bodiea) increased
4 5.23 1.0 lg, Sg, F some 2 10,4 42,4 47.2 Private: high channelization, debris reach 3 and 4 were simi-~
compact ton agricultural use, forage removal, bank armouring lar, only separated
crop production {rip-rap} and devegetation because of 1. R,
5 2,38 0.6 lg, C, F generally 1 5.2 42.3 54,2 Range land with gome none relatively steep~-
compacted cultivation at lower end sided (entrenched)
canyon area
6 1.98 0.5 F, Sg, Lg large amount 2 16.5 26.0 57.5 some cultivation with minor debris and wuch area in carly
of fines much of area cleared beaverdam removal stage of developmunt
7 0.55 1.1 C, Lg, B covered with 1 0 33.3 66,7 some forage crop none little encroachment
fines & alpae, cultivation on stream
compactoed
8 3.n 0.7 Sg, Lg, ¥ covered with 2 20.6 28,3 51.1 high use for forage debris and ripariam Circle W to
thin layer crop cultivation vegetation removal, and Docksteadery
of fines bank armouring (rip-rap)
9 1.98 0.5 g, Se, F slight b4 15.7  42.2 42,1 high use for forage extensive channelizarion, channel has been
compaction erop cultivation debris removal, and loss re-located in some
of riparian vegetation arras
10 3.986 1.5 1g, Sg, B nroderate 1 5.6 56,8 37.6 little agricultural road rip-rapping
to high activity
compact ton
11 1.34 5.7 c, B, Lg ala 1 - - - none none con’!ned, high
gradient section
to Mow!lch Lake
CRISS CREEX
1 4.8 3.8 8, ¢ Lg good 1 3.1 52,0 16.9 none none untouched beyond lkm
2 7.4 2.1 C, Lg, B good 2,7 45.3 52.¢ logging none
3 9.0 1.0 C, Lg, B slight 1 28.9  35.4 35.7 logging with some none anadromous lenpth =
compaction agricultural use shove 4.5km to falls
anadromous portion
? fron map and air-photo analysis
b ¥ = fines, Sg = small gravel, Lg = large gravel, C = cobblea, B = boulders

c
ohaervat lony and alr-photo analysis
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of access problems. In these unsampled reaches general data on habitat
type, including gradient, substrate type and width was obtained by air-
photo analysis énd spot observations. Other parameters such as habitat
areas, depth and cover were estimated on the basis of similarities to
adjacent reaches.

The Deadman River downstream of Mowich Lake was basically a

gsingle channel with alternating relatively high gradient, confined

sections and relatively low gradient meandering sections. Because of the

relative homogeneity observed in mean width and depth between reaches
throughout the stream, major differences in habitat type of reaches were
largely due to major differences in gradient and substrate size. For
ease of analysis and interpretation, reaches within the Deadman River
were grouped as to general habitat type based on gradient and substrate
characteristics. Type 1 habitat was defined as having relatively high

gradient and large (cobble, boulder, large gravel) substrate. Type 2

habitat was that with relatively shallow gradient and small (fines, small

gravel) substrate. Type 1 habitat was typical of Reaches 1, 2, 5, 7, 10
and 11, while type 2 reaches included 3, 4, 6, 8 and 9. Grouping of
reaches in this manner was not intended to suggest that reaches of
similar habitat type had identical habitat, only that they were similar
in terms of cobble/boulder environment versus sand/gravel environments.
There were large differences between reaches of similar type based on
exact gradient and substrate, instream debris, canopy cover, riparian
land use, etc. These are outlined in Table 3.

In terms of habitat quality within the general habitat types
there were differences between reaches. 1In type 2 reaches major
variations appeared to be the result of riparian land use and stream
encroachments, Much habitat, particularly in Reaches 4, 8 and 9, had
been altered by debris removal, channelization and bank armouring. In
terms of general fish habitat, this has resulted in the loss of canopy
and riparian cover, stable instream cover elements and bank undercuts.
In other type 2 reaches, for example Reach 6, general fish habitat was

of higher quality because of limited land use.
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Land use had little effect on type 1 reaches because of the
entrenched and generally steep nature of riparian areas. As a general
comment, the quality of this larger substrate habitat type was not
consistently éood throughout the Deadman River. In most of the reaches
sampled, the cobble/boulder material was covered with a layer of fines,
and a large proportion of the substrate was ''cemented" into the stream
bed. Speculation as to the reasons for this substrate compaction point
to the general abundance of fines throughout the stream, and the lack of

a fall freshet.
Criss Creek

Crigss Creek was accessible to anadromous fish for approxi-
mately 17km, to a falls located roughly 4.5km into Reach 3. The entire
stream was a relatively high gradient cobble, boulder, large gravel
(Type 1) system. Reaches 1 and 3 were more precipitous than Reach 2,
resulting in somewhat larger substrate and greater pool percentage than
the middle reach. Most of the stream was inaccessible, with no land use
activities in riparian areas. Quality of the type 1 habitat was generally

good (not compacted with fines).
4,3 Fish Populations of the Deadman River and Criss Creek
4.3.1 Species presence and population estimates

Fish species present in the Deadman River below Mowich Lake
include rainbow trout (both steelhead and Thompson River/Kamloops Lake
stock), brook trout, chinook salmon, coho salmon, longnose dace and sucker
spp. Estimates of fish population size conducted at 12 sites in the Dead-
man and 2 sites in Criss Creek are summarized in Tables 4 and 5, with more

complete data in Appendix V and VI.
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TABLE 4  Summary of fish biomass density (g/mz} estimates in sample sites of
the Deadman River and Criss Creek, August 22 to 29, 1979.

SITE RA;NBOW TROUT BROOK CHINOOK COHO SALMONID COARSEFISH
NO. o+ 1+ 2+ 3+ TOTAL TROUT TOTAL

DEADMAN RIVER

0.58 0.22 0.95 0.93 g

1 0 0.15 © 0 0.15 0

2 0 0.42 0 0 0.42 0 0.17 0 . 0.59 0.27

3 0.10 1.067 0.67 O 1.84 0 0.30 0 2.14 0.15

4 4,37 1.39 0.39 O 6.15 0 0.12 0.04 6.31 0.54

5 3.67 0.11 O 0 3,78 0 0.04 0 3.82 0

6 2.68 4.50 2.07 O 9.25 0 4,82 0.17 14.24 0

7 3.89 2.13 O 0 6.02 0 0 0 6.02 0.39

8 2.06 1.73 O 0 3.79  0.04 0.22 0.13 4.20 0

9 1.52 2.20 1..20 O 4.92 0 0.51 0.59 6.02 0.10
10 6.99 1.75 1.19 O 3.93 0.25 0.72 0 4,90 0
11 3.06 O 0 0 3.06 0 0 - 0 3.06 0
12 1.85 0.59 O 0 2.44 0 0 0 2.44 1.85
CRISS CREEK

1 1.28 7.32 1.82 O 10.42 0 .11 0 10.53 0

2 1.84 3.23 1.96 0.77 7.80 0 0 0 7.80 0

TABLE 5  Summary of fish density (no./mz) estimates in sample sites of the
Deadman River and Criss Creek, August 22 to 29, 1979.

RAINBOW TROUT

SITE BROOK CHINOOK COHO SALMONID COARSEFISH
NO. O+ 1+ 2+ 3+  TOTAL TROUT TOTAL
DEADMAN RIVER g
1 0 0.01 O 0 0.01 0 0.20 0.08 0.29 0.15
2 0 0.03 O 0 0.03 0 0.04 0 0.07 0.21 ;
3 0.04 0.05 0.02 O 0.11 0 0.09 0 0.20 0.07 é
4 2.45 0.13 0.01 O 2.59 o 0.03 0.01 2.63 06.07 '
5 2.71 0.01 0O 0 2.72 0 0.01° O 2.73 0
6 1.77 0.36 0.04 O 2.17 0 1.37 0.06 3.60 0 ;
7 1.83 0.15 O 0 1.98 0 0 0 1.98 0.04 g
8 1.60 0.17 0O 0 1.77  0.02 0.05 0.03 1.87 0
9 1.26 0.14 0.03 © 1.43 0 0.10 0.14 1.67 .01 1
10 0.76 0.09 0.03 O 6.88 0.03 0.06 0 0.97 0 g
11 2.8 0 0 2.89 0 0 0 2.89 0
12 i.00 0.03 © 0 1.03 0 0 0 1.03 0.49
CRISS CREEX é
1 0.89 0.74 0.06 O 1.69 0 0.03 0 1.72 0
2 2.00 0.46 0.08 0.02 2.56 0 0 0 2,56 0
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In the Deadman River total salmonid density ranged from 0.7 to
3.60 fishimz, while biomass density ranged from 0.59 to 14.24gfm2. The
most abundant fish in all but 1 site were rainbow trout juveniles, with
a range from 0.01 to 2.89 fish/m2 and 0.15 to 9.25g/m2. Rainbow fry were
very abundant throughout the upper 9 sites (4 through 12) with a range of
0.76 to 2.89 fish/m? and 0.99 to 3.89g/m2. The lowest 3 sites had very
low fry numbers and biomass relative to upper sites.

Chinook salmon were present through most of the stream in
densities ranging up to 1.37 fish/m2 and 4.82g/m2, The majority of sites’
had less than 0.10 fish/m2 and less than 1g/m2. Coho salmon were found
in 5 of 12 sites in low numbers, ranging up to 0.14 fish/m2 and 0.59g/m2.
Brook trout were found only in 2 sites. Coarsefish were found throughout
the Deadman River in 7 of 12 sites. 8uckers were found only in the lowest
site, while longnose dace were present over the whole area sampled in
certain habitats,

The fish population in Criss Creek was again predominantly
rainbow trout juveniles, ranging from 1.69 to 2.56 fish/m? and 7.80 to
10.42g/m2. Chinook were present at the lowest site only, and in very
small numbers. Coho and brook trout were not found in Criss Creek, nor

were coarsefish of any kind.
4.3,2 Fish distribution and habitat saturation

Analysis of adult escapement, spawning distribution and
population estimate results can add insight into recruitment levels and
potential habitat saturation by each species. Preferred rearing areas in
terms of reaches can also be identified. Saturation in the context of
this analysis means the habitat is completely filled, or at carrying
capacity. 1In a saturated environment therefore the fish population is a
reflection on habitat (physical and biological enviromment) rather than

recruitment levels.
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Chinook

Starr (1979) estimated 1978 chinook escapement at 271, with an
ege deposition of approximately 300,000. Redds were sparsely and evenly
distributed throughout the stream, with high use occurring in Reaches
5 - 8 and the lower part of 9 up to the intermittently dry area (Dock-
steaders, 30km). Systematic minnow trapping by Starr (1979) indicated
that preferred rearing areas for chinook were the 4km upstream of the
Indian village (Reach 3) and the 5km upstream of the Deadman River/Criss
Creek confluence (Reach 4&).

The above escapement is not expected to saturate the stream
with chinook fry, however certain locations may be near saturation.
Population estimates support this contention, as within the area of known
spawning chinook fry density was generally less than 0,10 fishfmz. One
site may have received adequate recruitment, with chinook fry density of
1.37 fish/m?2 (4.82g/m?).

Coho 2

Estimated 1978 coho escapement was 80 (Starr, 1979), which
represents only a small percentage of the historical maximum of 1600,
Population estimates found maximum coho density of 0.14 fish/mz, far

below expected maximum levels.
Rainbow/Steelhead

McGregor (pers. comm.) estimated the 1979 steelhead escapement
to the Deadman River at 300 to 400. 1In addition, a large number of
residents (Thompson River/Kamloops lake) spawn in the Deadman. No figures
on the number of residents is available, however it is conceivable that

three times the number of steelhead, or 300 to 1,200 residents, could use

e R

O e .



- 15 -

the stream.! Using these figures, and estimated steelhead fecundity of
13,000 (McGregor, 1979) and 4,000 for residents, potential egg deposition
was approximately 4.4 million (3.8-5.0), composed of roughly 50% resident
and 507 steelhead fry.

Adult steelhead were tracked by McGregor {(in prep.) right to
the Mowich Lake outlet area. Other concentrations were noted in Reaches
8 and 9, while suspected redd sites were observed in Reach 4. Population
estimates throughout the stream suggest that all areas in Reaches 4 through
11 were saturated with rainbow fry. Variation in fry density in this area
was primarily related to habitat type. The fry population in Reach 1 was
very small, due perhaps to low recruitment or poor habitat quality (parti-
cularly temperature problems). No sampling was conducted in Reaches 2 or
3, however suspected similarities in temperature regime, habitat type and
recruitment levels suggest that Reach 3 may contain saturated habitat as
in Reach 4, while Reach 2 may tend more towards the low fry population of
Reach 1.

In terms of rainbow parr, saturated conditions were thought to
persist throughout the stream, with the exception of Reaches 1 znd 2, and
possibly Reaches 10 and 11. High temperatures are thought to limit the
rearing quality of Reaches 1 and 2. Reaches 10 and 11 may be under-
utilized by parr because of poor overwinter survival due to low winter
flows, and since these reaches are located at the top of the stream, lack

of yearling recruitment from downstream migrations.

If we assume the juvenile population was 50} steelhead and 507 resident,
and "smolt" to adult resident survival equals three times smolt to
escaping steelhead survival, this estimate appears realistic.

eg. Steelhead Residents
(4 and 5 yr spawners)
.08 "smolt" to adult survival .24
3:1 catch:escapement 3:1
.02 net survival .06
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Criss Creek

With the exception of a very small number of chinook in the
lowest sample site, rainbow trout were the only species present in Criss
Creek (including coarsefish). Steelhead have apparently not been
documented in this stream, however the presence of a large mesh gill net
in the lower canyon area indicates that large fish were present at some
time of the year. Whether the juvenile trout in Criss Creek are of
resident or anadromous stock, density of fry and yearlings was very high

throughout.
4.3,3 Age and growth
A summary of mean fork length of age groups of the three major

salmonid species sampled in the Deadman River and Criss Creek is given in

Table 6,

TABLE 6 Mean fork lengths of age-groups of salmonids in the Deadman
River and Criss Creek, August 22 to 29, 1980.

SPECIES AGE-GROUP n MEAN F.L. (mm) RANGE (mm)

DEADMAN RIVER

Rainbow O+ 1320 48,1 30~ 79
1+ 73 104.6 76 — 145
2+ 9 153.0 137 - 174

Chinook O+ 112 69.8 53 - 107

Coho 0+ 22 66.1 52 - 77

CRISS CREEK

Rainbow o+ 117 43.8 27 - 59
1+ 49 88.5 71 - 124
2+ 6 133.2 125 - 142
3+ 1 150.0 -

R, Babe B B B R @bBe R

]



L

o

R

- 17 -

Age determination was conducted by length frequency analysis and scale
interpretation. These data are included in Appendix VII. The data
presented in Tabie 6 are mean values, site specific variations do occur,
particularly between samples taken in lower and upper river areas (eg.
rainbow fry at site 11 averaged 44mm, while at site 7 the average was
56mm) .

A graphical comparison of Deadman River and Criss Creek growth
rates (length at age) with those of other local systems is shown on Figure
3. These data indicate the Deadman River as having a relatively good
growth rate. Criss Creek had comparatively slow growth. Mean back-
calculated annulus lengths from Thompson River adult steelhead (data from
McGregor, in prep. reported in Wightman, 1980) are reported much greater
than late August sampling in any of the streams. The sampled values do
not correspond to annulus formation, as in the Deadman River roughly

one-and-one-half months of the growth period remained.
4.3.4 Fish population and habitat associations

Analyses of fish populations and habitat parameters were
conducted to identify relationships between species and age-groups of
salmonids and habitat within the Deadman River. The analyses were
carried out by relating fish population estimate results to habitat param-
eters collected at each sample site. Assumptions necessary to permit
such an approach require that habitat be saturated with recruits,
implying that fish populations were a reflection of habitat rather than
recruitment levels. This assumption has been satisfied, at least for
rainbow trout, in much of the Deadman River (section 4.3.2).

Habitat within each sample site was quantified by the habitat
unit sampling procedure. Results are presented in Appendix VIII. Fish
population estimates were then related to habitat at each site by direct
graphical analysis and linear regression techniquesAwhere applicable.
From the many parameters collected, three were chosen for analysis, mean
depth, mean velocity and percent total cover., Total cover was a

combination of instream log cover, instream boulder cover, instream
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vegetation, overstream vegetation and cutbanks. In some cases substrate
and gradient were applied by designating the site as type 1 (boulder/

cobble) or type 2 (fines/gravel) habitat.

Rainbow trout fry

As indicated in section 4.3.2, the upper 9 sample sites were
saturated with rainbow fry when sampled in late August, 1979, Obser-
vations and captures of fry indicated very high numbers were present in
all habitat types sampled. In type 2 habitats, glides and pool tail-outs
generally carried the highest fry density, however fry were also abundant
in riffles and pools. In type 1 habitat fry were more abundant in edge
habitat, particularly in those locations with a large amount of cobble
material along the edge.

Data from these 9 saturated sites was plotted on graphs
relating fry biomass density to mean depth, mean velocity and percent
total cover (Figure 4a, b, c¢). Depth/biomass and velocity/biomass curves
produced normal or "bell" type relationships, indicating an optimum range
of depth and velocity exists, with maximum fry biomass occurring at
medium depths and velocities. Fast, shallow habitat was not used by fry,
while in deep, low velocity habitat only edge areas were available for
fry, perhaps as a result of competition with other species and age-groups.
This type of relationship of fry with depth and velocity has been observed
in other studies (eg. Nuaitch Creek; Tredger, 1980) and resembles those
outlined by the probability of use theory (Bovee and Cochnauer, 1977),
The total cover curve produced no significant relationship, however a
slight negative trend was suggested, again implying the possibility of
competition effects.

In terms of habitat types, maximum fry biomass density was
found in type 1 habitats., This was perhaps due to the larger substrate
creating more living spaces. The fact that high densities of fry were
present in areas of small substrate, lacking in cover qualities, suggests
very high recruitment and saturation of less preferred areas.

Because of the obvious non-linear relationships observed,

multiple regression analysis useful in identifyving the combined effects
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FIG. 4. Rainbow fry biomass —habitat parameter relationships

T
x

Biomass

2 £ ]
(g/m?) 10 Total Cover (°/0) 30

4b

~
x
¥

2+ . .
>
" i
‘l i‘ Mec;n Velocity (M'/S) .; .:6 g
4a ”
2

.1 .2 4 .5 .6 a

Mean Depth (M)



- 21 -

of variables were not effective. Because of the relative clarity of the

o

mean depth/fry biomass curve, this relationship was used in later
E standing crop calculations.
E Rainbow parr
Rainbow parr were generally found in a variety of habitats,
‘% always in association with cover. Highest densities commonly occurred in

type 2 habitats as a funetion of high depth and high percent total cover.

Type 1 habitat, with boulder cover, often had moderately high biomass

density, but not to the extreme found in type 2 habitat. Over a total

reach however (including pools, riffles and glides) the biomass density

of parr in type 1 habitat appeared more sustained (or uniform) as
compared to local abundance in type 2 habitat.
The relationships of depth and percent total cover are outlined

in Figure 5(a, b). Mean depth of sample sites showed basically a positive

relationship with parr biomass density, however as depths increased beyond

a certain point the relationship appeared to become negative. Total cover

revealed a definite positive effect on parr biomass, with greatest density
corresponding to maximum percent total cover. The apparent negative

effect of depth on parr biomass illustrates the need for multiple compar-
ison procedures, as certainly no one habitat parameter exclusively controls

the fish population, 1In the case of depth, there appeared to be a certain

point or critical level beyond which other parameters, in this case

percent total cover, controlled demsity.

In type 1 habitat the variability in parr biomass density of

saturated habitats was relatively small (1.73 to 2.13gfm2). The effects

of mean depth and percent total cover therefore did not appear significant
within the range sampled. This may be due to apparent similarities in
inherent cover {(cobble substrate) not detected in this analysis. The
potential extremes of type 1 habitat, represented by deep pools and
shallow, coverless riffles, are just as well analyzed as type 2 habitat.

A large variation in parr biomass density was detected in
type 2 habitat, from 0 to 6.5?g/m2. The extremes of this type of habitat

were represented by shallow riffles with no cover and deep pools with
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F1G.5. Rainbow parr biomass —habitat parameter relationships
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high percent total cover. The strongest influence on parr biomass density
was cover, and heyond a certain depth may represent the only significant

‘

parameter.,
Chinook and coho

Chinook and coho were only abundant in deeper, low velocity
areas with cover. Figure 6(a,b,c) relates chinook and coho biomass
density to depth, velocity and percent total cover in the sample sites.

As these 2 species were not generally present at saturation levels,
variability in density may be related more to local recruitment levels
than to habitat. As was the case with rainbow parr, the most meaningful
relationship in terms of chinook and coho biomass density was with percent
total cover. Maximum density of 4.99g/m2 was found in the site with the
greatest percent cover. Despite low recruitment levels a positive

relationship was established with cover.
Criss Creek

Since only two population estimates were conducted in Criss
Creek relationships of habitat parameters and fish populations cannot be
made. Experience in another small stream in the Thompson system, Nuaitch
Creek (Tredger, 1980) suggests that similar relationships are observed in
these smaller systems. Depth and velocity were the most effective habitat
parameters in predicting standing crop. Cover was relatively constant in

these streams due to the cobbled substrate.

4.4 Standing Crop Estimates

Standing crop estimates for the Deadman River and Criss Creek
are summarized in Table 7, with a detailed analysis included in Appendix

Ix.
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FIG. 6. Chinook and coho biomass— habitat parameter relationships
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TABLE 7 Summary of standing crop estimates of salmonids in the Deadman
River and Criss Creek, August 22 to 29, 1979.

DEADMAN RIVER CRISS CREEK
E SPECIES /AGE~GROUP BIOMASS (g) NUMBER BIOMASS (g) NUMBER
E rainbow fry/0+ 504,930 400,000 134,670 100,000
) rainbow parr/1+ 254,000 19,480 278,840 35,290
E 2+ 84,700 2,070 164,020 6.090
/3+ - - 34,530 900
E chinook /0+ 42,700 11,400 - -
coho/0+ 7,700 2,200 - -

These estimates were based on the fish and habitat association relation-
ships, reach habitat parameter analysis and suspected recrultment levels.
Accuracy of these estimates has not been determined, however they are
considered reasonably accurate. In past studies of this type, extrapo-

lations were based on quantified habitat parameters and relationships of

fish populations to those parameters, suggesting a greater level of
accuracy.

A further indication of accuracy was derived from the chinook

salmon standing crop estimates. Starr (1979) estimated the 1978 brood
chinook population (1979 fry) at approximately 16,200 July fish, based
on estimated egg deposition and the best 90-day survival estimate. A

further month's mortality and known chinook pre-smolt outmigrations (Starr,

1979) would bring the estimated number at the end of August very close to

the 11,400 estimated by this study. At the outset the chinook/coho

| e

estimates were considered the least likely to be accurate, due to under—

saturated conditions in much of the stream.

In the Deadman River and Criss Creek, the population of
juvenile rainbow trout was composed both of steelhead and of non-

anadromous stocks (Thompson/Kamloops lLake residents). As the proportion
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of steelhead or residents in the population is not known, an arbitrary

designation of 50% steelhead - 507% resident was made.

5.0 SUMMARY OF RESULTS

1.

Fish habitat in the Deadman River below Mowich Lake was composed
of alternating higher gradient, large substrate areas (type 1
habitat) and lower gradient, smaller substrate areas (type 2
habitat). The quality of type 1 habitat was less than optimum
because of temperature problems in the lower areas (Reaches 1
and 2) and substrate compaction throughout the stream. Type 2
habitat quality was largely dependent on the degree of riparian
land use and stream encroachments.

Habitat in the 17km of Criss Creek was generally a high quality
type 1 environment.

Population estimates at 12 sites in the Deadman River found
juvenile ralnbow trout density ranging from 0.01 to 2.89 fish/m
(0.15 to 9. 25§/m ). Rainbow fry ranged from 0 to 2.89 fish/m?
(0 to 4.37g/m?) and were present to saturation levels in all
areas above the reserve up to Mowich Lake. Rainbow -parr ranged
from 0.01 to 0.40 fish/m?2 (0.15 to 6. 37g/m ), with suspected
saturation occurring in all but the lower and upper areas
(Reaches 1, 10 and 11). Chinook salmon were present in densities
up to 1.37 fish/m? (4. 82g/m2), with most sites having less than
0.10 flsh/mz. Coho salmon were found in 5 of 12 sites with
densities up to 0.14 fish/m2 (0.59g/m2). Neither salmon species
was present at saturation levels.

2

The fish population of Criss Creek was almost entirelg juvenile
rainbow trout, with densities of 1.69 and 2.56 fish/m4 (7.80
and 10.42g/m2). Coarsefish were not present in Criss Creek.

Analysis of length at age data indicate that juvenile rainbow
in the Deadman River had relatively good growth compared to
other local systems, however when compared to back-calculated
lengths of Thompson River steelhead had relatively poor growth,
Length at age in Criss Creek was much less than in the Deadman
River.

Saturation levels of juvenile rainbow suggest that population
size was a reflection of habitat quality (not recruitment levels)
at most sites. Relationships between habitat parameters and
fish populations were produced for rainbow fry, parr and chinook
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and coho. Rainbow fry were best related to depth criteria,
while rainbow parr and chinook and coho were most significantly
related to total cover.

5. Standing crop calculations revealed a juvenile rainbow popu-
lation of roughly 400,000 fry, 19,500 yearlings and 2,000 two-
year—~olds in the Deadman River in late August. Roughly 11,400
chinook and 2,200 coho were present. 1In Criss Creek roughly
100,000 rainbow fry were present, with roughly 35,000 yvearlings,
6,000 two~year-olds and 900 three-~year-olds. It was assumed
that 50% of the juvenile rainbow population was of anadromous
stock,

6.0 DISCUSSION
6.1 Life History of Deadman River Steelhead

It was not the intent of this study to draw conclusions
regarding the life history patterns of Deadman River steelhead, however
a knowledge of life history is essential in developing recommendations
for stock enhancement. In view of this, a discussion of life history is
included based on results of this study, regional office data, and the

findings of Starr (1979).
6.1.1 Juvenile rainbow migrations

Starr (1979) documented large scale migrations of juvenile
chinook salmon and rainbow trout out of the Deadman River into the
Thompson River in 2 years of counting fence operation. Juvenile rainbow

migrations are summarized in Table 8.
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TABLE 8 Juvenile rainbow trout downstream migration in the Deadman River, 1977 and
1978 (data sumsarized from Starr, 1979).

0+ -~ 1+
WEIK TRAVPING PERIOD n n/day max. n./ n fi/day max. n./
day day
Summer 1977: July 22 to October 22 52,826 636 3,383 9,480 114 570
Spring 1978: March 17-23 and April a
5-262 0 0 0 3,343 157 374
Summer 1978: July 13 to September 19 59,609 877 7,673 16,140 237 772

2 157 yearlings/day average for the period April 5 - 26.

These data show a large number of fry outmigrating through the summer and
early fall in both 1977 and 1978, beginning in early August (Starr, 1979).
Yearling outmigrations, reported for the summer of 1977 and spring and
summer of 1978, were apparently continuous through spring, summer and
into fall (P. Starr, pers. comm.); therefore the reported number of
migrants does not represent the total ocutmigration. The total gumber of
yearling migrants, accounting for the May - June period, could approach
30,000 fish, at least in 1978. These data suggest that fry and yearling
outmigrations occur each year, with variable magnitude.

The question of whether these outmigrating fish were steelhead
or resident stock, or both remains., In 1977 and 1978 yearling migrants
were marked with coded wire tags (8,074 in 1977, 18,780 in 1978; Starr,
1979). To date a total of 6 of these fish have been recovered in the
ocean through the commercial salmon fishery as steelhead (Wightman, 1980).
This indicates that at least a portion of the yearling outmigrants from

the Deadman River were steelhead progeny.
6.1.2 Age, growth and smolt size
Juvenile rainbow present in the Deadman River and Criss Creek

appeared on the average to be much smaller than fish returning as

Thompson River adult steelhead. Back calculated lengths at smolt

f
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and annulus formation collected from Thompson River adult steelhead by
McGregor, (Wightman, 1980) when compared to length at age data collected
by this study (iable 9), show Thompson fish to be much larger than the

Deadman River or Criss Creek fish sampled.

TABLE 9 Back calculated lengths at annulus formation of Thompson River
adult steelhead compared to length at age of Deadman River and
Criss Creek juvenile trout sampled in late August, 1979.

1
ANNULUS THOMPSON RIVER AGE DEADMAN R. CRISS CREEK
1976-7 1977-8
(August
mean S.D. mean S.D. 1979) mean S.D. mean
1 79.6 15.8 76.8 12.0 o+ 48.1 - 43.8
2 151.1 35.3 145.1 25.1 1+ 104.6 14.7 88.5
3 193.6 35.6 169.7 33.8 2+ 153.0 - 133.2

smolts 172.2 32.9 154.9 24.0

1
Data collected by McGregor (in prep.) reported by Wightman (1980).

The average Deadman rainbow fry was 28 to 31mm smaller than the mean size
of Thompson fish at the first annulus, while Criss Creek fry were 32 to
35mm smaller. The largest discrepancy occurred at the yearling stage,
with Deadman fish being 40 to 45mm smaller and Criss Creek fish being 55
to 62mm smaller than the average second annulus of Thompson steelhead.
This difference is likely exaggerated because of the time differential
between the sampling period of this study (late August) and the end of
the growth season (mid-October). It is unlikely however that these
differences could be made up in 6 weeks.

Another factor affecting the length at age of Deadman River and
Criss Creek rainbow was the juvenile outmigrations. Data collected by
Starr (1979) indicates that particularly yearlings were on the average
larger than the fish left in the stream. The mean size of yearling
outmigrants through the summer period ranged from 106mm to 120mm in 1977,

and 1l4mm to 127mm in 1978 (Appendix X), compared to the average of
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104.6mm in the Deadman River and 88.5 in Criss Creek. It is noteworthy
that the size of yearling migrants did not appear to increase throughout
the summer.

In terms of age at smolt formation, the majority of Deadman River
fish would reach average smolt size late in their second year of growth,
thus forming 3 year smolts. Only a very small proportion of yearlings
would reach average smolt size of 2 year smolts, even if an extra 20mm were
added to the mean size in lieu of the shorter growth period when sampled.1
In Criss Creek, virtually no fish would be of average smolt size at age 2,
while the majority would be 3. and 4. smolts. This of course assumes that

steelhead form smolts directly in these streams.

6.1.3 Required smolt yield and population dynamics

In order to produce an adult return to the Deadman River of 300
to 400 steelhead, a smolt yield of roughly 11,000 to 25,000 is required
(Table 10), depending on the catch to escapement values used.

2

TABLE 10 Estimated smolt yield required to produce the observed adult
escapement in the Deadman River, 1979.

ADULT ESCAPEMENT C:E n ADULTS SMOLT TO ADULT (%) n SMOLTS
300 2:1 900 8 11,250

4:1 1,500 8 18,750

400 : 1,200 8 15,000

2,000 8 25,000

! from Zar (1974) pg. 75:

X{ - x _ 145.1 - 125 _
SD. 14,7 1.37

P (z>1.37) = .0853

7 =

. 8.5% of yearlings would be greater than the average size at second
annulus formation of Thompson River adult steelhead, assuming an
additional 20mm growth.
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The question now is to determine where these smolts come from; were they
produced directly in Deadman River and Criss Creek, or were they the
result of fry an@ yearling outmigrants to the Thompson River.

The population (standing crop) of yearling rainbow trout in
the Deadman River was estimated at 19,500. An estimated 8.5% of these
fish would potentially be larger than the mean size at second annulus
formation of Thompson River smolts, suggesting that 17% would be of
potential smolt size, or 3,300 fish. Assuﬁing a 707 overwinter survival
and 507 steelhead/resident split, then roughly 1,200 smolts may be
produced as 2 year swolts. Similarly, 2+ fish in the Deadman may produce
700 three year smolts. A summary of potential smolt production in the

Deadman/Criss/Thompson system is given in Table 11.

TABLE 11 Derivation of smolt yield estimates from the Deadman-Criss-
Thompson system.

n n POTENTIAL SMOLT SIZE n SMOLTS? AGE

1. Deadman River

1+ 19,500 3,300 (17% 1,160 2.
2+ 2,070 2,070 (100%) 725 3.

2. Criss Creek

1+ 35,290 0 (¢ 0% -

2+ 6,090 4,800 ( 80%) 1,680 3.

3+ 900 900 (100%) 315 4,
3. Fry migrants

o+ 50,000 0 0 B

1+ @ 25% 12,500 12,500 (100%) 4,375 2,
4. Yearling migrants

1+ 10,000 10,000 (100%) 3,500 2,

1+ 30,000 30,000 (100%) 10,500 2,

2 70% survival from 1+ to smolt; 50% steelhead/resident split.
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These estimates indicate that the majority of smolts must be
produced as a result of fry and particularly yearling migrations from the
Deadman River system. The combined potential smolt output from the
Deadman River/Criss Creek system was estimated at under 4,000, not
sufficient to produce an adult return of 300 to 400 fish. The total
smolt output from all sources was an estimated 18,750, more in line with

the required smolt yield.
6.1.4  Summary of juvenile steelhead life history

The juvenile steelhead life history in the Deadman River system
is thought to be comprised of a number of patterns. After spawning in
the Deadman River (or Criss Creek) and initial rearing in the natal
stream, a number of potential routes are available for smolt production,
These include production directly from the Deadman River and Criss Creek,
and production in the mainstem Thompson River as a result of Deadman
River outmigrants. The available information suggests that the majority
of smolts are produced in the mainstem Thompson as a results of” rainbow
fry and yearling outmigrants. The major portion of smolt yield originates
from yearling migrants, with the potential to produce over 10,000 smolts,
Although larger numbers of fry outmigrate on a yearly basis their
contribution to smolt yield is expected to be somewhat less (=4,400) due
to poorer survival rates. Other components contributing to smolt
production, including direct production in the Deadman River and Criss
Creek, are thought to be limited because of low yearling numbers and

theirrelatively small size (length at age).
6.2 Enhancement Strategy

The suspected life history pattern of Deadman River steelhead
suggests that enhancement should aim at the production of large yearlings,
which would emigrate from the stream into the Thompson as pre-smolts. As
yearlings these fish should be of sufficient size to assure good survival
to smolt formation in the larger, more stable Thompson River. In terms

of instream enhancement, the most efficient method to fulfill the above

e B BB R
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aims is to increase or improve the habitat components which are most
successful in providing habitat for fish through critical or limiting

periods.
6.2.1 Limiting factors

Standing crop calculations estimated a very small number of
yearlings in the Deadman River relative to fry numbers. Survival in the
stream from O+ to 1+ was only 57 (400,000 fry, 19,500 yearlings), and
even adding the yearling outmigration to the total (30,000 yearlings
maximum) a survival rate of only 127 was observed. This low survival
suggests that the abundance of yearlings in the Deadman River was limited,
possibly by summer parr habitat or overwinter habitat, or both. If the
enhancement strategy was to maximize smolt yield by production of year-
ling migrants, as suggested by the life history pattern, then overwinter
survival was the most critical limiting phase in smolt production.

In Criss Creek survival between age-groups appeared much better
(35% 0+ to 1+). The major limiting factor in smolt production in this
stream appeared to be the very slow growth rate of rainbow juveniles,
particularly at the yearling stage. The implied enhancement strategy
for Criss Creek suggests that juveniles should be encouraged to emigrate

as early as possible.
6.2.2 Overwintering habitat quality

The type of habitat utilized by steelhead in summer and winter
depends on availability. 1In some stream types stable debris provides
cover in the main production areas while in other stream types, where
large boulders are frequent'in runs and riffles, most of the production
occurs in boulder habitat (Facchin and Slaney, 1977). These cover
associations become more important as winter habitat, where steelhead
juveniles move into substrates or log jams as freezing occurs. In a
stream such as the Deadman River, summer and winter habitat (parr

habitat) was available in two forms represented by type 1 and type 2
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habitat. Type 1 habitat, the larger (boulder, cobble) substrate
environment, generally affords overwinter habitat in association with
interstitial spaces in the substrate in which fish (particularly fry) can
hide. In the Deadman River this large substrate habitat was not con-
sidered to consistently provide high quality overwintering habitat such
as that found in high gradient coastal systems. Much of the substrate
was compacted with finer substrate materials, indicating that the spaces
between many boulders and cobbles were filled up. This was thought to
reduce the overwinter carrying capacity of much of the type 1 habitat
(Bjornn et al, 1977).

Parr and overwintering habitat in type 2 environments was
associated primarily with stable debris, undercut banks and log jams.
In the winter, this type of cover material in association with deeper
pools may provide the only overwinter habitat, due to low flow and
freezing conditions. As with late summer parr habitat, more debris and
cover materials present should create a higher overwinter carrying

capacity.
6.3 Steelhead Enhancement Opportunities

Several opportunities for steelhead enhancement through habitat
improvement measures exist, aimed at minimizing the effects of potential
limiting factors. These factors in the Deadman River are thought to be
overwintering habitat, affecting fry to yearling survival, and parr
habitat, affecting summer carrying capacity. Results of this study have
identified the prime overwintering and parr habitat as being deep pool
areas with abundant cover. The most efficient cover types in terms of
maximum biomass density were instream log cover and undercut banks.
Habitat improvement should therefore be directed at increasing the amount
and quality of this type of environment.

Precise areas which require treatment will not be identified at
this time, other than by general reach areas, as there was great
variability in habitat quality within reaches. There were several areas,
most notably in Reaches 4, 8 and 9, which have undergone severe channel

modification and debris removal, and form the most obvious areas of need

for habitat improvements (Figs. 7,8). Some areas in Reach 6 may also

d
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FIGURE 7

Contrasting habitat quality in the Deadman River. The top
photograph shows altered habitat, lacking in riparian vege-
tation and deep, complex areas. The bottom photograph shows
a relatively natural pool with good habitat quality. Total
salmonid biomass density at the bottom site was 14.25g/m2.






FIGURE 8

Two examples of altered habitat in the Deadman River (Reach 4).
Complete remcval of instream debris and riparian vegetation have
severely reduced summer parr habitat and overwinter carrying
capacity.
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require treatment, however much less so because of the relatively early
stage of land development.

The specific treatments required at each location must be
determined on a site specific basis. At this time two general treatment
types are envisioned for the Deadman River, involving cover introductions

and pool creation.
6.3.1 Cover introductions

In those areas which have undergone debris removal without
significant losses in abundance of deep pool areas, cover introductions
are recommended. Because of the observed dependence of rainbow parr (and
chinook and coho salmon) on log cover in pool areas, the potential for
large increases in late summer carrying capacity exists. Since this type
of habitat represents the prime overwintering area in the stream, over-
winter survival should also be enhanced. This type of improvement work
is envisioned for large areas within Reaches 4 and 8, and can be extended

to any pool area within the stream (type 1 or type 2 habitat) which lacks
cover. :

Specific techniques of debris placement must be deterq}ned at
each treatment site. Bank associated placements are recommended, as
materials may be secured by cable to existing standing trees along the
stream bank, anchored to the stream bottom or banks by some other means
(eg. pilings). This type of log cover introduction has been done by the
Fish Habitat Improvement section in a small stream (Colquitz Creek;
maximum discharge = 8.5m3/s or 300cfs), in which root masses were cabled
to cedar pilings embedded in the stream bottom. These have proven very
durable in this small stream. Log cover has been introduced in the Keogh
River study, in which log bundles (approximately 2m long) were attached
to boulder groupings by eyebolts and short cables (Ward and Slaney, in
prep.). The amount of log cover envisioned for the Deadman River, in
order to have a significant impact, is much greater than either of these
previous attempts.

Introduction of large boulders as cover components has not been
recommended for large areas of the Deadman River. In type 1 habitat,
particularly glides and riffles, any increase in total cover (log or
boulder) may not significantly increase the biomass density of rainbow
parr. The sampled biomass density was relatively constant, between 1.73
and 2.13g/m2 (mean = 1.85g/m?), regardless of habitat parameters, within
the available range. 1In type 2 habitat, boulders alone would not provide
adequate overwinter habitat. There are some areas, transition zones
between type 1 and type 2 habitat with primarily large gravel substrates,
which may benefit from boulder introductions. Biomass density increases
will be observed in summer parr habitat, with an expected maximum density
(per habitat unit) reaching near 2g parr/m2 (rainbow).
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6.3.2 Pool creation

Many areas of the Deadman River have been channelized, resulting
in loss of most deep pool areas as well as cover. These areas, most
obvious in Reach 9 and parts of 8 and 4, require pool creation measures
as well as debris introductions to create the preferred complex habitat.
The large variability in rainbow parr biomass density in type 2 habitat
(0 to 6.25g/m2) between complex pools and barren glide/riffle environments
common in these areas suggests great latitude for increase.

In some type 2 areas, those with small substrate (sand, gravel),
pool scouring may occur as a result of bank associated debris introductions.
In areas with larger substrates (large gravel, cobble) boulder intro-
ductions may be necessary to create sufficient scouring. Boulder groupings
have proven effective in creating small pools in the Keogh River study
(Ward and Slaney, in prep.). In the Deadman River, unless a large amount
of log cover is included, increases in overwinter survival may not occur.

Flow augmentation in the Deadman River has been treated in this
report as an improbability, because of water use conflicts (Hamilton,
1974) and the fact that no improvement in low winter flows has been
realized since the Snohoosh dam was put into operation. The impact of
low flow on overwintering survival may be substantial, particularly in the
2.5km section (Reach 9 area) which apparently runs dry in late fall and
winter. Throughout much of this area riparian land use has removed
debris and by channelization has reduced the number of deeper pool areas.
Pool creation and debris introduction in this area may restore some of
the overwinter carrying capacity by producing deeper areas to or below
the water table, which may retain water through the winter. The presence
of standing water in existing pool areas in winter should be verified.

6.3.3 Criss Creek

In Criss Creek, a potential enhancement technique might be to
alter the flow characteristics of the lower 1.5km during critical low
summer flow periods to allow downstream migrant rainbow fry and yearlings
access to the Deadman and Thompson Rivers. Under current conditions the
stream runs dry in the lowest 1.5km in late summer, thus trapping any
downstreaming fish in Criss Creek, or in the unscreened irrigation
diversion. This situation should be improved, either by increasing flow
to this lower reach (reducing irrigation demands) which appears unlikely,

or by providing alternative access to the Deadman River (modified
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irrigation ditch). Before any action is taken in this regard it must be
determined:
(a) to whap.extent adult steelhead/residents use Criss Creek.

(b) what magnitude of fry and yearling migrations occur in Criss
Creek.

and (c) what is the time period of juvenile migrations.

The duration of juvenile migrations should be expected to occur
continuously throughout the summer, as experienced in the Deadman River
(Starr, 1979). Other small streams, particularly in the Nicola system,
may be studiéd in the near future, and results could be emperically

applied to Criss Creek.
6.4 Further Considerations and Cautions
6.4.1 Habitat protection and agricultural activities

Fisheries enhancement and habitat protection must follow similar
goals; the creation or preservation of a complex, natural stream channel.
In the Deadman River encroachments of agricultural developments are
present in various stages. Where development has not yet proceeded beyond
initial stages (eg. Reach 6), adequate stream protection measures should
be adhered to (eg. cattle control, streamside fencing, streamside leave
strips; Gram, 1979). Where encroachments have taken place, the effects
are not irreversible and reclamation is possible if proper protection is
given soon.

Many of the potential land use - fisheries conflicts along the
Deadman River, concerning both fish habitat and farm land losses, may
have been caused by the lack of stream protection. Fish habitat losses
resulting from channelization, streamside vegetation removal and debris
removal, etc. are fairly obvious to the fisheries worker. Farm land
losses resulting from these same activities; increased erosion through
higher velocities (debris removal, upstream channelization) and reduced
bank resistance (vegetation removal, cattle activity), may not be so
obvious to the land owner. A case can be made for stream protection to

satisfy both fish and land use parties.
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Alternative methods for stream channel stabilization do exist

which are more beneficial as fish habitat than others. For example,

rip-rap in many of the type 2 reaches will do little for fish habitat,

particularly overwintering habitat. As an alternative, cabled logs to

secure bank areas (trees) may provide bank protection similar to rip-rap,

and provide suitable fish habitat as well. Karanka and Kellerhals (in

prep.) have recommended this type of approach in another Fish Habitat

Improvement section project (Elk River, Vancouver Island) not to perma-

nently stop erosion but to slow it down until natural bank resistance

(through revegetation) returns. —

6.4.2 Precautions

(1)

(i1)

Attempts to sell instream improvements, particularly log debris
introductions, to riparian land owners may not meet with much
success. In all likelihood the majority of the local farming
community have specific concerns relating to stream processes,
such as flooding and land losses to erosion, which they have
traditionally dealt with by debris removal, channelization and
rip-rapping. Suggestions to reverse the process may ndt be
easily accepted amid fears of re-starting the flooding and
erosion problems. There is good reason to oversize ''channel-
izations" in the future so fish habitat can be created through
complexing with instream inclusions (eg. rip-rap, stable log
debris).

The approaches to habitat improvement outlined in this report
have not been proven, therefore potential instream works should
proceed in a trial and error fashion. The habitat improvements
may prove ineffective in producing the expected results in terms
of hydraulic or biomass expression. The structures may be found
not durable enough and are washed away during spring freshet.

In both of these cases small failures are easier to 'take" than
large ones. On the other hand small successes can be duplicated
fairly readily.

Potentially the most serious reason for proceeding with caution

is the potential for instream works to cause undesirable effects on

adjacent lands. The Branch would be held liable for any negative impacts.
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APPENDIX I Habitat parameters collected by the habitat unit
sampling method.

1. Stfeam and code.

2. Reach no. and gradient code.

3. Reach length (km)

4. Habitat class (falls, ditch, slough, pool, riffle, glide)
5. Length (m)

6. Wetted width (m)

7. Channel width (m)

8. Area (m2)

9. X Depth (m)

10. Velocity (m/s)

11. Instream log cover (m2) x Depth (m)
12. Instream boulder cover (m2)

13. Instream vegetation (m2)

14, Overstream vegetation (m2)

15. Cutbanks (m2)

16. Turbidity (m)

17. Gradient (%)

18. Fines (%) 0 -~ 0.lcm

19. Small gravel (%) 0.1 - 4cm
20. Large gravel (%) 4 - 1l0cm
21. Cobbles (%) 10 - 30cm

22. Boulders (%) >30cm

23. Bedrock (%)
24, Compaction (yes=1l, no=0)

25. Temperature (°C)
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APPENDIX II Summary of discharge records in the Deadman River and
Criss Creek.

CRISS CREEK NEAR SAVONA - STATION KO. 08LFCO7
MONTHELY AND ANNUAL MEAN DISCHARGES IN CUSIC FEST PER SECGND FOR THE PERIOD OF RECORD
YZAR JAN FES MAR APR MAY JUN Jur ALG SEP ocT NOV DEC MEAN
1932 --- B -~ --- 8u.2 29.7 --- - --- -
131) = e 260 167 168 32.2 11.6 30.8 -—- .
1954 - -—- -—- 102 j2s8 145 26.6 9.9 1.7 1555 15.5 --- -—-
1915 - -—- 89.2 274 2939 242 100 1.6 -—- -
916 - - 71.2 266 328 126 25.0 5.3 Su7 -
917 - --- - 370 373 68.6 2.9 0.81 - -~
1518 - --- 72.5 162 181 4.6 1.4 1.3 - -—=
1319 -—- --- - - 189 111 10.0 1.8 0.33 -—- - --- -~
1920 --—= --- -—- 3.8 136 195 23.3 4.3 29.1 - -— --- -
1521 -—- -— --- 13.4 320 1714 8.7 1.0 2.6 —-— - e ---
1562 4.7 6.0 5.7 115 . Buo 245 70.8 16.4 23:% 29.4 23.2 18.2 81.3
1363 9.1 u_g 9.9 197 352 164 61.1 12.0 9.6 5.9 7.2 5.0 61.1
1364 6.2 5.1 u.8 16.1 117 384 40.3 3.0 32.0 26.4 10.2 5.3 53.9
1965 9.4 12,7 6.4 63.9 186 130 1B.8 28.2 26.4 20.7 21.3 11.7 84,7
13656 8.7 8.% 11.8 55.17 371 167 73.9 27.0 5.5 9.2 8.8 10.4 631.6
1967 10.1 8.3 3.8 13.2 315 273 14,9 2.0 1.6 2.4 7.4 6.0 55.4
1968 6.4 6.6 22.9 12.4 319 327 35.1 9.7 14.2 15.8 14,8 9.9 66.2
1269 6.7 8.5 12.5 132 503 177 272 12.% 23.9 44,0 §5.2 25.9 107
1979 14.3 13.9 14,7 21.0 223 145 9.1 0.5 1.5 S.0 5.0 5.8 38.7
151 8.1 1.2 8.6 U,y uis 416 2.6 0.34 0.31 2.0 u.8 4.3 82.5
1372 4.3 5.8 11.2 19.9 571 u63 37.1 4.1 3.1 4.5 6.3 4.1 96. 4
1973 a.8 8.1 3.8 5.6 I §9.6 9.9 0.50 [ 2.0 4.6 5.2 3.7
175 - 4.5 2.3 8.7 V2.0 155 364 33.5 5.2 1.6 2.5 4.7 4.8 49.5
1575 3.9 3.3 5.0 8.2 321 510 75.9 7.6 6.5 12.0 15.5 10.8 31.¢
1375 9.4 7.4 7.1 30.5 375 158 42.3 76.5 51.0 16.5 13.3 12.9 70.3
MEAN 7.4 7.5 3.8 18.0 314 253 64.3 16.5 1.7 13.9 13.0 9.1 66.1
LOCATION - LAT 50 53 04 N SEUAINZGE AREA 139 SQ MILES
LGNG 120 S7 54 REGULATED
)
V1o CRISS CREE# NEAR SAVONA - STATION KO. 08LFCO?
AMNUAL EXTHEMSES OF DISCHARSE IN CF3 AND ANNLEAL TOTAL DISCHARGSL IN AT-FT 73R THZ PERLOD OF PRRCORD
AAXTHUY TNSTANTANEQUS DiSCHAKGE MAXIMUM DAILY DISCHARGE MININUM DAILY DISTHARGE TOTAL DISCHARGE
. 448 CFS ON MAY 10 ——
P - - $3) CFS ON MAY & e e
- 1570 C¥s ON Jux 27 -—-
® 730 CFS ON JUN 4 i
§ w0 €20 CF3 on MAY 29 =i
e 4SC CFS Gh MAY @ -
s Jt0 CFS ON MAY 23 --- -
S 339 8 Ll s
- s 650 28 L ---
I 1300 29 2.0 C¥S oM Fcu 20 60400 AC-F7
—— 651 23 3.0 CP5 CON S22 2% 44200 AT-FT
- 7R 12 2.1 CFS CH AUG 24 39200 AC-FT
1355 57¢ 1 4.6 CF5 TN AL 24 32300 AC-TT
198¢E €52 5 3.2 C7s GN STP 9 4500C AC-FT
1387 790 23 9.42 CF3 OM OCT 8 40000 AC-FT
1668 650 2 3.8 CFZ ON AL 11 48100 BC-FT
1555 1670 6 4.6 CFs GN AUS 31 77200 AC-FT
1370 --- 720 CFS ON MAY 26 0 C¥S ON AUG 18 * 280
1571 --- 1616 CFS C: JUN S 0 CFS CN AUG 17 595
1672 i 1120 CS5 CN MAY 24 0.8C C75 (¥ ALS 28 687
1773 - 1010 CFS CN MAY 2% 0 €S ON AUS 15 288
1974 —-- €84 CFS CON JUN 3 0.75 CF5 CN £EP 21 359
1375 mns 13006 CFS OM MAY 33 2.6 C¥S CN MAR 6 599
1976 762 CFS AT 06500 PST ON MAY 11 = 650 C¥S OXN MAY it S.4 CF3 Gt FAR & 11
® - EXTREME RECOPDED FOR THI PIFIND OF RECCAL 4
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DEADMAN RIVIR ABOVE CFIS3 CPEIK - STATION NO. 08LF027 -
MONTHLY AND ANNUAL MEAN DISCHARGES i+ CUBIC FEET PER SECOND FOR THE BERIOD OF REZCORD
YEAR ZAN TEB HAR APR vt JUN JuL AUG SEP oct NOv CEC MEAN ¥ /
]
1913 - - - --- 267 89.¢ 92.1 3.5 10.3 10.8 — e p— re
1914 . e - 154 365 95.7 54,3 56.0 25.2 9.1 1.1 i = e .-
1915 --- 14,3 65,3 9u.1 197 £3.4 20.8 — - ——— — 1515
1915 - 8.6 273 225 1eg 63.8 Gu.2 23.3 - - --- 1916
1917 - 10.8 yuh 292 96.5 56.5 372 - - --- - |
1918 --- 28.8 215 96.7 39.7 a7.0 3301 sl S = Bs e
1319 - - - b c.0 19,0 3707 33.7 15.7 --- - — --- Ve
1920 -—- --- cam 5.8 33.5 72.6 85,0 u6.3 31,1 -—- --- - --- 1520
1521 --- - - 3.0 3511 69.0 30.5 32.2 2.2 s s mec o V82
1662 u.g 6.7 9.1 111 362 275 121 a7.6 31.4 27.7 30.7 27.9 83.3 E
1551 29.0 21.2 20.8 105 255 106 4g.2 16.7 1204 12.3 1.0 8.7 53.3 15
1253 1305 15,3 16.9 19.8 173 265 30.5 21.4 23.8 26.0 2¢.3 1229 53.0 el
5.9 16,1 15.6 53.3 251 119 22,6 16.13 13.0 0.8 13.7 12.5 6.7 1965
13lg 1606 20.4 38.0 229 116 86.1 €6.2 1708 o2 11.7 W u 55.8 1586
1709 23.7 2201 26.8 us2 172 3207 1.1 15,9 a.l 4.7 4.7 56. 1 1967
5.0 5.1 7.8 9.0 279 203 wals 16.1 148 1.8 15.8 15.3 52.8 135
6.4 18.3 1308 112 439 47.8 313 47.5 39.4 60.3 66.0 52.7 103 ot |
1970 32.2 30.9 27.2 52.1 173 91.2 17.2 6.7 3.6 5.2 5.8 5.1 37.3 159
1971 3.5 5.8 8.0 30.2 371 309 97.2 1902 8.5 6.8 6.3 5.8 73.1 197
1572 s.a 8.8 22.5 50.2 522 228 334 25.3 1.8 11.9 10.5 3.1 8u.1 1972
1973 3.1 9.6 12.0 19.8 163 87.4a 1905 11.8 7.2 6.8 6.6 5.6 30.2 1373
1374 5.6 5.5 a.s 1701 288 192 .6 16.6 1303 1.3 8.5 7.6 50.6 1375
1975 7.6 6.2 6.8 10.1 259 250 at.9 15.5 -10.8 1.8 1.3 a.9 59.7 19,
1976 8.9 9.3 12.2 24.8 300 37.¢8 56.3 123 91.2 121 18.7 37.4 68.1 19
HEAN 1.7 13.0 14,9 47.6 262 151 79.3 37.0 24.9 16.4 15.8 15.2 52.2 MEAN
LOCATION - LAT 50 531 53 N DRAINAGT APEA 133 SQ MILES 3
LONG 120 58 23 W REGULATED :
1
-
-
‘i
\‘!
|
-—
176 DEADMAN RIVER A33V:= CXIS5S CREEZK - STATION NO. 0318527
AMNUAL EXTREMES OF DISCHAKGE IN CF5 AND AMNJAL TOTAL DISCHARGE IN AC-#T F3R THZ PRRIOD OF RECSRD
5
yEnR MAXIMUS INSTANTANEQUS DISCHARGE MAXIMUM DAILY DIsCHARGE MINIMUM CAILY DISCHARGE TOTAL DISCHARGE 7 |
-—- 431 CF3 ON MAY 1t i i 1913
:’);3 -=- 563 CFS ON MAY 6 -z - 1914
191s I 736 CFS ON Jur 2 1.0 CFS ON MaP 22 1
V31E - 330 CFS O MAY 8 -c- 1
1917 - 1150 CEFES CON EAT 15 i 1
1512 oo 290 CFS Jn MAY 3 - ) -=- 1 -
1915 e 60.0 C#¥3 ON JUL 25 1] CZS ON 27R 13 » s;Ea 1919
1920 - a7.0 CFS ON MAr 29 5.0 CFS O A22 3 e 192¢
1921 - 2537 Crs ON MAY 25 5.0 CES ON APR 7 e 1 51.
1662 - 733 CFS CM MAY 28 3.0 CFS ON JAN 1 65000 AC-FT 1.
193 --- 312 CFS O MAY 4 8.1 Crs 23 NOY 28 38600 AC-FT 1
1964 - 335 CFs Cu JUN 21 8.5 CF5 ON JAN | 42100 AC-F7T 1964
1565 - 365 cEs 2 9.0 CFS ON OCT 9 33800 AC-FT 1965
1945 - €2 Crs 2 8.4 CP5 GN KOV 30 22600 AC-FT 1
1817 - 528 Crs i 2.8 CFs ON LEZ 17 47900 AC-FT 1
1363 - $27  CFs ? 3.2 CFS CN JAN 29 38300 AC-FT 13
1962 - 1230 CFs 3 9.5 CF5 ON MAT 9 74800 AC-FT i
1913 - - 202 CFs o5 MAY 12 3.0 cFs o§ ¢t 2 27000 AC-FT 1970
17t - 409 €5 ON MAY @ 3.6 CFS ON JAN 15 §2800 AC-FT 1971
1a7n s 93k Crs 24 MAY 25 4.5 CF5 CX JAN 25 61160 AC-FT 19
1;7/; Simi= 203 CF5 % MAZY 30 5.8 CFS ON D=C 37 21900 AC-FT 19 63
1574 - 364 CFC CH MAV 11 4.0 CF53 ON JAN 10 36600 AC-FT 13
175 ez 539  CF5 oM MAY 17 5.2 CTS G JAN 1 93200 AC-FT 1975
g - B4 CFS Tn MAY 12 7.8 C75 ON MAZ 4 83500 AC-TT 1976
® - EXTRENME kECG'ﬁ:E-’:} FOR THE PZRIOD OF RECQI?D 45000 AC-FT i
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APPENDIX III

= KT =

Reach habitat summary data for the Deadman River and

Criss Creek.

REACH NO.

TOTAL LENGTH (km)

COMMENT S

Deadman River

O 0 N O U & W N

e
O

Criss Creek

6
6
3
5
2

w

.65
.18
.48
.23
.38
1.
0.
.72
.98
.96
.34

98
55

. 80
.40
.00

2.5km above Hwy 1

above Indian village

top of reservation

above Allen's ranch

Barricade Creek

0.5km below Gorge Creek

lower end of Circle W

above Docksteaders

below Tobacco Creek

last road access before Mowich Lake

Mowich Lake

falls located at approx. 4.5km
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e SR G FETEAD e SRR o e e e
\ grurp sane:  DEADMAN KEACH 1 CONEL  300=0mD=i=a
e e e o i e EFFLE R U] R e s o - R R
VALUE % VALUE % VALUE X VALUE x VALUE x VALUE %
|
AVERAGE LENGTH 213,0 31,9 64.5 53,0 22,8 15,1 0.0 © 0.0 0,0 0.0 0.0
~ AVERAGE wETTED §IGTH" o A et ety W e A S e 3 g Y
AVERAGE CHANNEL WIDTH 13,0 0.0 18,6 0,0 13.6 0,0 0.0 ) 0,0 0.0 0.0 o0 5
AVERAGE DEPTH 0,4 0.0 6.2 0,0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 |
AVERAGE AREA 216,0 9,6 239,2 58,4 159.9 32.0 0.0 .0 0.0 0.0 0.0 0.0
~ s AL S Sk : B T o e e e Y VTR T R .
TOTAL AREA IM REACH §256.0 9.6 31973,0 58,4 17519,0 32,0 0.0 0.0 0.0 0.0 0.0 0.0 .
AVERAGE AREA LNG DEBRIS CUVER 0.6 0.0 01 0,2 0.2 0,1 0.0 0,0 0.0 0.0 0.0
AVERAGE AREA DOULDER COVER 1.8 2.8 6.6 2.9 3,1 2.3 0,0 0, 0.0 0.0 0.0 0.0
"TAVERAGE AREA INSTREAM VEG, COVER 0.3 7 0. 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0
AVERAGE AREA OVERSTREAM VEG, COVER 2.5 4,8 0.3 0,2 0.0 0.} 0.0 .0 0.0 0.0 0.0 0.0
| AVERAGE AREA CUTDANKS 0,0 0.0 0.0 0,0 0.0 0,0 0,0 - .0 0.0 0.0 0.0 0.0
AVERAGE AREA TNTAL COVER 5,2 7.7 6.8 3.3 3.3 2,5 0,01 0,0 0.0 0.0 0.0 0.0
TTAVERAGF PERCENT FINES 10,0 10.0 1.8 1.8 6.7 6.7 0,0 0,0 0.0 0.0 0.0 0.0
AVERAGE PERCENT SMALL GRAVEL 15,0 15,0 8,2 8,2 15,0 15,0 0,0 0.0 0.0 0.0 0,0 0.0
TAVERAGE PERCENT LARGE GRAVEL 25.0 25,0 24,1 24,1 24,4 2a.4 0.0 o0, 0.0 0.0 0,0 0.0
AVERAGE PERCENT CURHLES 27.5 27.5 32.7 32,7 33,3 33,3 0.0 0.0 0.0 0.0 0,0 0.0
TTAVERAGE PERCENT BUULDERS 22,5 22.5 32,7 32,7 20,6 20.6 0.0 0.0 0,0 0.0 0.0 0.0
AVERAGE PERCFNY REPROCK n.o 0.0 0.0 0.0 0.0 0.0 0,0 . 0,0 0.0 0.0 0.0
P S as U EE mm B C C . B b . 5 e
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A . RQIVED mﬁ.&__:D_EAD MB N KEACH,_ ~ £ODEX 0300=0=0-=4=3 Jl
> CEED) )
5
— s i & ek R SR A SN s DDOL S NS R!FFLE"‘” - ..__G.l:_l.DE i % D’TCH SLUUGH‘ B e FALLS - .__._,-%
VALUE X VALUE X VALUE % VALUE % VALUE % VALUE %
AVERAGE LENGTH 13,7 10,8 15,7 41,2 . 21.5 48,0 0;0 0.0 0,0 0.0 0.0 0.0
AVEHAGE WETTFD wiDTH 6.5 57.7 7 8.1 13,7 7.2 5.9 0.0 0.0 0.0 0.0 0.0 0.0 |
AVERAGE CHANNEL WIDTH 12,0 0.0 11,3 0.0 11.2 0.0 0.0 0. 0.0 0.0 0.0 0.0 o
TTAVEWAGE TnepYH T T T e T 0,0 T Tes27 0.0 T 0,3 T0.00 T 0,0 .07 T 0,0 0,0 0.0 ""“'o.h'""\?_—
AVFRAGE AREA 104,7 10,4 127.,8 42,8 16741 47,2 0,0 O, 0.0 0.0 0.0 0.0
“YOTAL NUNGER Ll HEACH — 1.2 0.0 TTTYaTE e 0 T e 660,06 """ b 6 ™ 00 “0ub 5 - |
TUTAL ARFA IN REACH 4307.,5 10,4 17526,8 42,4 19487,2 47,2 0,0 0,0 0.0 0.0 0,0 0.0
TTAVERAGE AREA LNy DEBRIS COVER 20,3 4,2 0.5 2.1 1.2 1.2 0.0 0.0 0.0 0.0 0.0 0.0 ,
AVEHAGE AREA BOULDER CNVER 0.2 ‘0,61 1,5 1.1 0,4 0,2 0,0 0, 0.0 0.0 0.0 Q.0 |
A VERAGE NHEA INSTHEAM “VEG T CHUER " 6 1™ 06 B 0 B G L T 0 0T 0T T 6 6 0 00 T 0,6 0 0
AVFRAGE ARFA UVERSTREAM VEG, COVER 1.3 2.1 0,3 0,3 1,2 2.1 0,0 .0 0.0 0.0 0,0 0.0
TTAVERAGE ARFAT CUTHANKS 0.7 2,R 0,0 0,0 0.5 0.7 0,0 o € 0.0 n.0 0.0 0.0
AVERAGE AREA TOTAL COVER 22,6 9,7 2.5 3.7 4,1 5,4 0,0 0.0 0.0 0.0 0.0
e b o g e i e e e e e ¢ o o S e
AVERAGE PERCFHNT SMALL GRAVEL 13,2 14,2 270 27.0 25+3 2543 0.0 . 0.0 0,0 0.0 0,0
| AVERAGE PERCENT LARGE GRAVEL 17.5 17.5 ab.5 46,5 35,9 35.9 0.0 0. 0.0 0.0 0.0 0.0
AVERAGE PERCENT CURBLES 9,2 9,2 16,3 16,3 9,1 9,1 0,0 .0 0.0 0.0 0.0 0.0
T e e T AR el e o e B T T 2 e -
AVERAGE PERCENT BEDRNOCK 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
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SUKMMARY  QOE  BHYSYLCAL  RESULTS . o D
> RIVEU HAMEZ DEAD M AN QEAQH 5 CNNEL O300w0nD=S5md
e e — & & S s e e s S e e
VALUE % VALUE % VALUE X VALUE X VALUE % VALUE %

AVFRAGE LENGTH 8,0 a,7 24,4 43,2 33,1 52,1 0,0 0.0 0.0 0.0 0.0 0.0
AVERAGE WETTFD wIDTH 7.7 5%5.8 6.9 66,5 TT.1 58,7 0,0 0,0 0.0 0,0 0.0 0.0 ’
AVERAGE CHANNEL WIDYH 16,0 0.0 19,4 0.0 22,5 0.0 . 0.0 0.0 0.0 0.0 0.0 (n

TTaVERAGE DERTH 1.1 0.0 0.2 0.0 0,3 0,0 . 0.0 0.0 0.0 IT
AVERAGE AREA 66,3 5,2 178.,3 42,3 248,84 52,8 . 0 0.0 0.0 0.0 0.0

AL NuMHER DN SEACETTT - s W e S LIRS e e 6.0 0.0 e
TUTAL AREA IN REACH 930,5 5.2 7502.4 42,3 9290,9 52,4 . 0.0 0.0 0.0 0.0

T AVERAGE AREA LOG DFBRIS CUVER 20,7 21.2 3.1 3.9 3.8 1.5 .0 0.0 0.0 a. 0.0
AVEHAGE AREA HNULDER CDVER 0,0 0,0 5,1 1.9 R2e9 1.2 0 »0 0.0 0.0 0,0 0.0

e B AEE, S ek B B B T B BT b B p e N - i e
AVEHAGE AHEA UVERSTREAM VEG, COVER 0,2 1,4 0.7 0.5 3.6 1.5 0,0 .0 0,0 0,0 0.0 0.0

| AVERAGE AREA CUTAANKS 0,2 1.4 0.1 0,0 1.3 0,5 0,0 0. 0,0 0.0 0.0 0.0
AVERAGE AREA TOTAL COVER 21,0 24,0 9,0 6.3 11,2 a,7 0,0 0,0 0.0 0.0 ) 0.0

R BEREEGE RIS T, i e e S . . e e s s
AVERAGE PERCENT SMALL GRAVEL 15,0 15,0 15,6 15,6 19.4 19,4 0,0 0.0 0,0 0.0 0.0 0.0

T AVERAGE PERCENT LARGE GRAVEL 13.3 13,3 35,0 35,0 26,3 26,3 0,0 0.0 0.0 0.0 .0 0,0
AVERAGE PERCENT CUBBLES 5.0 5,0 az.2 3az,2 20.6 20,6 0,0 0,0 0.0 0.0 o0 0.0

o BEGE” BEREENT AR R e Ry Y T i T o}y g e sl 6 b 5™
AVERAGE PERCENT AEDROCK 0,0 0,0 0.0 0.0 0.0 0.0 0.0 . 0,0 0.0 0. 0.0



. r r I N N N . L r - e Bm N E N am e

~
sumMaRyY  Qf  prYSIcAl | RESULYS T i T T
\ prveo waue: DEADMAN REACH O _coner 0300-0-0-6=3
- , e | T s SYTER R T T
VALUE % VALUE % VALUE 3 VALUE % VALUE % VALUE X
AVERAGE LENGTH 10,8 18,3 9,48 26 .4 17.9 0,0 0,0 0.0 Ne0 0,0
kel wE R D BT N e g et L 0.0 0.0 0.0 |
AVFRAGE CHANNEL WIDTH 14,0 0.0 12,4 0,0 13.3 o] . 0,0 0.0 0,0 0,0
T AVERAGF DEPTH 0,5 0.0 0.2 0.0 0.3 0,0 0.0 0.0 0,0 0.0 =
AVERAGE AKFA 66,7 16,5 62,8 26,0 126,5 0.0 0.0 ' 0,0 0,0
G FAL i i B B T e e Baa T T
TUTAL ARFA IN REACH 2224,7 16,5 Ja92,8 26,0 7739,2 «0 0,0 0,0 0.0 0.0
TTAVERAGE AREA LOG DEBRIS COVER 9.7 6.4 1.4 7,a 3.0 0.0 0.0 0.0 0.0 0.0
AVERAGE AREA HDULOER COVER 0,0 0.0 0.0 0,2 0,0 0.0 0.0 0.0 0.0 0.0
e m ke B LusFE i G GETEE g i i by S T ra e e iy o ST S e ™ gy
AVERAGE AKFA UVERSLSTREAM VEG, COVER 1.2 240 el Je8 1.6 0,0 0,0 0,0 0,0 0,0
AVERAGE AREA CUTRANKS 1,3 1.7 0.3 1,6 0.4 0,0 0.0 0,0 0,0 0.0
AVERAGE AREA TOTAL COVER 12,2 10,6 3.0 13,1 5.5 0,0 0.0 0.0 0.0 0.0
TTAVERAGE PERCENT FINES T T 5,0 65.0 .B.5 8.5 29,5 0.0 0,0 0.0 0.0 0.0
AVERAGE PERCENT SMALL GRAVEL 21,7 21.7 30.5 30,5 23.6 23.6 0,0 0.0 0.0 0.0 0.0 0.0
| AVERAGE PERCENT LARGE GRAVEL 13,3 13.3 ah,0 46,0 21,8 21,4 0,0 0.0 0.0 0.0 0,0 0.0
L AVERAGE PERCENT CUBULES 0.0 0.0 13,5 13,5 5.5 5.5 0,0 0.0 0.0 0.0 0.0 0.0
AVERAGE PERCENT RUULDERS 0,0 0.0 1.5 1.5 0.0 0.0 0.0 0,0 0.0 0.0 0,0 0,0
uw:m\c,s PERCENT BRENDROCK 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 040 0,0 0.0
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( RIVER NAWES D__E_AD MAN REACL-, cnneEs 0300w =DeTed
i
‘POOL ’ GLIDE DITCH SLOUGH "'"”?ALL&“"””'"_—__"___—]
VALUE % VALUE X VALVE x VALUE X VALUE X VALUE % B
1
AVERAGF LENGTH 0,0 0.0 5.3 30,2 12.3 69,8 0,0 0,0 0.0 0.0 n.0 0.0 ;
TAVERAGE weTYTFD wroTH T " 0.0 0.0 .0 77.6 7.0 71.4 0.0 0.0 0.0 9140 °‘°...;;
AVERAGE CHANNEL WIDTH 0,0 0.0 10,3 0,0 10,0 0,0 0,0 0,0 0.0 0.0 0.0 0.0 it
“TAVERAGE DEPTH 0.0 0.0 0.2 0.0 T0.3° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ]
AVERAGE AREA 0,0 0.0 43,3 33,3 B6,7 66,7 0.0 0.0 0,0 0.0 0.0 i
|~ rUYAL NUMHER IN BEACH a0 R e I BT T T ™ BT
TUOTAL AREA IN REACH 0.0 0.0 1349,1 33.3 2698,1 66,7 0,0 0.0 0.0 0.0 0.0 0.0
TTAVERAGE AKEA LOG UFbLRIS COVER 0.0 0.0 0,3 5,3 2.5 2.6 0,0 0.0 0.0 0.0 0.0 0.0
AVERAGE AREA BOULDER COVER 0,0 0.0 2.8 5.2 1.7 2.2 0,0 0.0 0.0 0.0 0.0 0.0
~“"\’VERA(,F—_' 'ALJF_A ' INSTHRFAM V!;G, COVEQ ___________________ 0 ,0~—0 ,'"(')M“_'-—m O.A()M_mmo',o —"—A———wa:“ﬂ 0,0 ——-‘O”, 0' “—___“'0",0 o "0-, 0 coorT '0 ) o b,o o
AVERAGE AREA UVERSTREAV VEG, COVER 0,0 0.0 1.7 2.6 1,0 1,2 0,0 0,0 0.0 0,0 0.0
| AVERAGE AREA CUTALNKS 0.0 0,0 0.0 0.0 1.7 2.6 0,0 0.0 0,0 0.0 0.0 0.0
AVERAGE AREA TNTAL COVER 0,0 0.0 4,8 13,1 6,8 B,7 0,0 0.0 0,0 0.0 0.0 0.0
R BN N o e I MY T 5 5 T T R e 2
AVERAGE PLRCENT SMALL GRAVEL 0,0 0,0 5,0 8,0 6,7 6.7 0,0 0.0 0.0 0.0 0,0 NaO
TAVERAGE PERCENT LARGE GRAVEL 0.0 0,0 36.7 36,7 25.0 25,0 0.0 0.0 0.0 0.0 0.0 0,0
AVERAGE PERCENT CUBHLES 0,0 0.0 40,0 40,0 35.0 35.0 0,0 0.0 0.0 0.0 0.0 0.0
T AVERAGE PERCFNT BOULDERS 0,0 0.0 13.3 13,377 T 21,7 T2v.r T 0.0 0.0 0.0 0.0 0.0 0.0
AVERAGE PERCENT REDROCK 0,0 0.0 0,0 0,0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0




AVERAGE PERCENT
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B
f - B - T SUMMARY  OE  RHYSICAL  RESULYS _
> prvee uaves DEADMAN REacl 8 cner sassenesesen .
S gL e L ER TR T 51 v - B FRLLE™ e
VALUE % VALUE % VALUE % VALUVE X VALUE % VALUE X
AVERAGE LENGTH 15.7 20.5 13.3 29,0 25,7 50.4 0,0 0,0 0,0 0.0 0.0 0.0
'AVEHAGF,‘ JE T TED .'YUTH T - st 5,8. “60."3”‘ 6.369.8h o S.Qb‘).ﬁ S 0.0 0.0 B 0 "0.0 6.0 0.6 H -
AVERAGE CHAIINEL wWIDTH 10,1 0.0 9.4 0,0 8,7 0,0 0,0 0,0 0,0 0.0 0.0 W
TAVERALETDEOTH 0.7 T 6.0 6.2 0.0 0.3 0.0 0.0 0.0 6.0 0.0 0.0 0.0t T
AVERAGE AKREA 94,2 20,6 T77.5 28.3 155,44 51,1 0,0 0.0 0N «0 0.0
YOTAL HOSHER 1% BENCH" = e B T B R LB O P " R w . e o -
TUTAL ARFA IN REACH 4a589,1 20,6 6293.1 28,3 11363.1 51,1 0,0
TTAVERAGE ARCA LNG UEUBRTS COVER 6.3 2.a 0.3 2.6 20 2.0 0.
AVERAGE AREA BNULDER COVFER 0,3 0,2 0.4 0,6 0.7 0.3 0
TAVERAGE AREA INSTREAM VEG. COVER 0.0 7 0.0 0,1 0.4 0.2 0.
AVERAGF AREA UVERSTREAM VEG, COVER 2.3 3.a 0.0 0,0 1.8 2,3 0
| AVERAGE AREA CUTHANKS 3.8 4,6 0.0 0,0 0.7 0.7
AVERAGE AREA TNTAL COVER 12,7 10.6 0.8 3.4 5,7 5.6
" TAVERAGE DERCENT FINES ' 48,2 44,2 T a5 Ta,s 22,8 22.8
| AVERAGE PERCENT SHMALL GKAVEL 34,2 34,2 66.5 66,5 48,3 48,3
| AVFRAGE PERCEUIT LARGE GRAVEL 17.5 17.5 28,0 28,0 27.2 27.2 .0
AVERAGE PERCENT CURWLES © 2.5 2.5 0.5 0.5 1.1 1.1 o
I e A S e, S T W+ e e -, . i o g -
HEDRNCK 0.0 0.0 0.0 0,0 0,0 0,0 0.0
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) SUMMARY  QE  DHYSICAL  RESLLYS “ 3
\ pryee naves DEADMAN QEAQ_Hﬁ CONFL  0300=0=0=9=3 4
o :""' T T T T T poon T TTRIFFLETT T “eLIDE T DITCH "SLOUGH TFALLS ) |
VALUE X VALUE x VALUE % VALUE X VALUE x VALUE % ]
i
AVERAGE LENGTH 13.8 21,3 14,4 44,3 18,5 34,2 0 .0 «0 0 0.0 i
AVERAGE WETTIED wIDTH ) 2.6 42,7 7.3 a7,5 7.5 59.a . .0 B 6 P
AVCRAGE CHANNEL WIDTH 12,0 0.0 15.6 0,0 13,0 0.0 .0 0 0 0.0 0, kJ.Q
[ AVERAGE DEPTH 0.4 0.0 0.1 0.0 0,2 0.0 .0 0.0 0.0 0.0 0.0 U
AVERAGE AREA 65.1 15,7 87.6 42,2 185,7 a2,1 0,0 .0 o0 0.0 .0 .
i TOTAL NUMYKER [N DEACH - "30'.5 0.0 - - ‘bl.o‘ —0.0 R _._..3.6-...6...4,..“..0...(.)._4,__;_._..__._.....-.oy.h___“......0. T .'O'W .0,0 T 0,0' .0 o
TUTAL AREA IN REACH 1986,1 15,7 53a8,1 42,2 533%.9 a2,1 . o0 «0 0.0 .0 0
T AVEHAGE AREA LOG DEURIS COVER 0.5 0.1 0.3 0.5 0,1 0.0 . .0 0.0 0.0 .0 .0
AVERAGF AREA UOULDEW COVER 0.6 0,6 0.0 0,1 0,1 0,0 0. 0. 0,0 0.0 .0
- CEALE SHEA TNETJERE WL CoEE " 1 4 B S B T T SO 6 T 5 6 . 5 ==
AVERAGE AREA UVERSTREAM VEG, COVER 0,0 0,0 0,0 0,0 0.0 0,0 o0 0, 0,0 0.0 0 .0
T AVERAGE "AREA CUTHANKS 0,1 0.4 0.0 0,0 0.0 0,0 0,0 0.0 0.0 o0 0.0
AVERAGE AREA TOTAL COVER 1.6 1.7 0.3 0,6 . 0,0 .0 O.
TTAVERAGUE PERCENY FIMES 0.5 0. 0.0 o 0.0
AVERAGE PERCENT SMALL GRAVEL 43,0 43,0 42,0 42,0 40,8 40,8 a0 -
TTAVERAGE PERCENT LARGE GRAVEL 31,0 31,6 51.5 51.5 51,7 51,7 s 0 0.0 0.0 04
AVERAGF PERCENY CORBLES 2,0 2,0 6.0 6,0 2.5 2.5 0. 0.0 0.0 .0 0.0
T AVERAGE PERCENY AUULDERS 5,0 s,0 0,0 0.0 0.0 0.0 T 0.0 0.0 0.0 0.0 .0 0.0 °
AVERAGE DERCENT REDRDCKX 0.0 0.0 0.0 0.0 0,0 0,0 .0 0.0 0.0 0.n .0 0.0
[ [ B | 8 | | Wy [ 8 B s | P | . P | B 8 8 8
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o SUMUARY  OE  RHYSICAL  RESULIYS
\ orurp naues D EADMAN _ REACH_ LO_C.QD.EL_QJ_QD_(L- =0=Ne4 <
|
i e e . T “Biven —TadE B
| VALUE x VALUE X VALUVE x | vALUE X VALUE X VALUE x
AVERAGE LENGTH 16,0 7.3 27.2 59,3 19,4 33,4 0.0 ) 0.0 0.0 0.0 0,0
e S T R T e e e S R R % B 5
AVERAGE CHANNEL WIDTH 7.6 0.0 8.a 0,0 8.5 0.0 0.0 0.0 0.0 0.0 0.0 n
| AVEWAGE DEPTH 0.7 0.0 0.2 0.0 0,3 0,0 .0 0. 0.0 0.0 0.0 0.0 | !
AVERAGE AREA 79.5 5,6 169.7 56,8 142,84 37.6 «0 040 0.0 0.0 0.0 0.0
S i EUNEEE G AT e — e B T e e i A e e 'l g
TUTAL ARFA N REACH 1444 ,1 5eb 14641 ,1 56.8 9697,9 37.6 . 0. 0.0 0,0 0.0 0.0
T AVEHAGE ARFEA LDG DEBR1S CUYER 1.0 o0.a 1.6 1.2 1.4 0.9 W0 0.0 0.0 0.0 0.0 0.0
AVERALE ARFA BOULUFR COVER 2.9 4,2 6.0 4,3 1.8 2.0 0 0.0 0.0 0.0 0.0 0.0
TTAVERAGE AREA INSTREAM VEG, COVER 0,0 0,0 0.2 0.1 T 0.1 0.1 T 0,0 0,0 T 0,0 0.0 T0.0 o0
AVERAGUE AREA UVERSTRFAM VEG, COVER 1,0 2.2 2.3 1.8 1.0 0.8 0.0 060 0,0 0,0
| AVERAGE ARFEA CUITRANKS 0,9 Tad 0.1 0.1 0.2 0,3 0,0 ) 0.0 0,0 0.0 0.0
AVERAGLE AREA TOTAL COVER 5,8 8.4 10,2 7.6 4,6 a,1 0.0 0.0 0.0 0.0 0.0 0.0
e L s e e e ¥ e e A gy e e e IS N g gy e
AVERAGE PERCENT SMALL GRAVEL 16,3 16,3 13,6 13,8 . 18,3 14,3 0.0 0. 0.0 0.0 0.0 0.0
| AVERAGE PERCENT LARGE GRAVEL 25.0 25.0 32.6 32.6 36,7 36,7 0.0 0,0 0.0 0.0 0,0 0.0
AVERAGE PERCENT CUMBLES 30,0 30,0 30,0 30,0 30,7 30,7 0,0 0,0 0.0 0.0 0.0 0,0
o ek M BODLERS e 7 S e St e T, S S e s o i e
AVERAGE PERCENT REDRNCK 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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N pruep mames  CRISS CREEK REACH 1 £NNEL 0300=imO~iea <
.
- o TTeool "TRIFFLE TTTTeli0E T DITCH SLOUGH “FALLS
VALUE 3 VALUE % VALUE x VALUE X VALUE % VALUE %
AVERAGE LENGTH SeB 14,1 10.5 64,4 8.8 21,5 0.0 0.0 0.0 0.0 0.0 0.0
TAVERAGE WETTED WTDTH ) 5,5 57,8 3.0 33,7 7 3.t T3r.0 0.0 0.0 0,0 0.0 0,0 0.0 B
AVERAGFE CHANNEL WIDTH 9,5% 0,0 9,0 0.0 8,5 0,0 0,0 0.0 0 0,0 0 0.0
TTAVERAGE DEPTH 6.3 0,0 0.1 0,0 0.2 0.0 0,0 0.0 0.0 0.0 0.0 0.0 ' ]
AVERAGE AREA 52,5 31,1 35.1 52,0 28,5 16,9 060 0,0 .0 0.0 0.0 0.0 on
AL NounER ik BEAGH 8™ b6 Foa 06 T TR e 0 T e T 000 T 0.0 I
TUTAL ARFA IN REACH 6184,0 31,1 10336.2 52,0 3357.1 16.9 0,0 0.0 .0 n.0 0.0 0.0
TTAVOWAGE AKEA LOG DEBRIS COVER 0.1 0.0 0.1 0,1 0,0 0.0 0,0 0,0 .0 0.0 0.0 0.0
‘: AVERAGE AREA HOULDER COVER 19 2.9 3.6 11.2 2.6 9.8 0.0 0.0 0 0.0 . 0.0
I-__AVEQA(JE AREA INSYHFAM“VEG.. C.Ov.éhw— -.__..,_A.A_.m.‘..o;o_..... i’).meaMMﬁv O.OM—O.O WO."O 0.0 0.0 0;0" 0.0 .M“O.O T «0 0.0 .
AVERAGE ARFA OVERSTREAM VEG, COVER 0.5 0.8 0.7 8,43 1,0 6,1 0.0 0,0 0.0 0,0 0.0 0.0
T AVERAGF AREA CUTRAMKS 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AVERBGE AREA TOTAL COVER 2.1 4,0 4,2 19,7 3,6 16,0 0,0 0,0 0.0 0.0 W0 0.0
TAVERAGE PERCENT Flhes T T 2,5 2.5 0.0 0,0 0.0 0,06 0.0 0,0 0.0 0.0 0.0 0.0
AVERAGE DPERCENT SMALL GRAVEL 10,0 10,0 4,0 2,0 5.0 5,0 0.0 0.0 0.0 0.0 0.0 0.0
T AVERAGE PERCENT LARGE GRAVEL 22,5 22.5 10.0 10,0 10,0 10,0 0,0 0.0 0.0 0,0 ) 0.0
AVERAGE PERCENT CORULES 37.5 37.5 37,0 37,0 37.5 37,5 0,0 0.0 0.0 0.0 0.0 0.0
—AVERNGE PESCENT RUULDERS =TT g R TR S mememer G S o b s . . . T
AVFRAGE PERCENT REDROCK 0.0 0.0 0,0 0,0 0,0 0.0 0,0 0,0 0.0 0.0 0.0 0.0
| f [ [ ba [ r 8 [ [ B i B B 8 [ [ I
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SUMMARY QF  QRUYSICAlL  RESULIS
N prvep naner CRISS CREEK REACH 2 CONEL  0AQNml=Omdes J\
POOL RIFFLE GLIDE DITCH SLOUGH FALLS
VALUE X VALUE X VALUE x VALUE 3 VALUE 3 VALUE X

AVERAGE LENGTH 9,0 3,8 19.9 51,8 20,1 aa,9 0,0 0,0 0,0 0,0 0.0 0,0

| AVEWAGE WETYED wlOTH 4,0 30.8 4.0 32.0 - 4,7 36,9 0.0 0,0 0.0 0.0 0,0 0.0
AVERAGE CHANMEL WIDTH 13.0 0,0 12,7 0,0 13,0 0.0 0,0 0,0 0.0 0.0 0.0 0.0
AVERAGE DEPTH 0.3 0,0 0,1 0,0 0.2 0,0 0.0 0,0 0.0 0.0 0.0 0.0
AVERAGE AREA 36,0 2,7 85,5 45,3 114,8 52,0 0,0 0,0 0.0 0,0 0,0 0,0

T YOYAL MUMBER IN REACH 27.6 0.0 192,9 0,0 165,48 0,0 0.0 0.0 0.0 0.0 0.0 0.0 s
YUTAL AREA IN REACH 992,2 2,7 16486,7 45,3 18917,5 52,0 0.0 0,0 0.0 0.0 0.0 0,0 ™
AVERAGE AREA LNG UEBR{S COVER 245 0,0 0,0 1.0 6.1 0,2 0.0 0,0 0.0 0,0 0.0 0.0 :
AVERAGE AREA BOULDER COVER 1.0 2.8 4,7 6,0 2.8 3.7 0.0 0,0 0.0 0.0 0.0 0.0

T AVERAGE AREA INSTREAM VEG. COVER 6,0 0.0 0,0 6,0 0.0 0,0 0,0 0,0 0.0 0.0 0.0 0.0
AVEHAGE AREA UVERSTREAM VEG, COVER 0,0 04,0 0.4 0,8 0,5 0.3 0.0 0,0 0,0 0.0 0.0 0.0
AVERAGE ANEA CUTBANKS 0,0 0.0 0.0 0,0 0.0 0,0 De0 0,0 0.0 0.0 0.0 0.0
AVERAGE AREA TOTAL COVER 3,5 2.8 5,1 7.8 3.0 a,2 0,0 0,0 0.0 0,0 0,0 0.0

[ AVERAGE PERCENT FINES 15.0 15,0 0.0 0,0 0.0 0,0 6,0 0.0 0.0 0.¢ 0,0 0.0
AVERAGE PERCENT SMALL GRAVEL 5,0 5,0 4.3 4,3 5,8 5,8 0.0 0.0 0.0 0.0 0,0 0.0
AVERAGE PERCENT LARGE GRAVEL 25.0 25,0 29.3 29.3 32,5 32,5 0.0 0,0 6,0 0.0 0.0 0.0
AVERAGE PERCENT CURULES 20,0 40,0 39,3 39,3 37,5 37.5 0,0 0,0 0.0 0,0 0,0 0.0

| AVERAGE PERCENT BUULDERS 15.0 15,0 27.17 27,1 24,8 24,8 T70,0 0.0 0.0 0.0 0.0 0.0
AVERAGE PERCENT RLDRNCK 0.0 0,0 0.0 0,0 0.0 0.0 0,0 0,0 0.0 .0.0 0,0 0.0




~
SuMMADY QE  QHYSICAL  RESULYS ;
RIVEDR MHEL_C_Q\_SS CR&E K EEAQH .3 LONEL 0300@iocleley <
poOL TTRIFFLE GLIDE DITCH SLOUGH FALLS
VALUE % VALUE % VALUE X VALUE % VALUE ] VALUE X
AVERAGE LENGTH 31.5 25.9 15.8 39,1 21,3 35,0 «0 . 0.0 0.0 00 0.0 '
TAVERAGE WETTED wWIDTH 7.3 65.0 5.6 56,2 6.8 69,0 0 . 0.0 0.0 0.0 0.0 ¢1
AVERAGE CHANNEL WIDTH 11,0 0.0 10.0 0.0 9.8 0.0 “ . 0.0 0.0 0.0 0.0 0o
AVERAGE DEPTH 0,3 0.0 0,1 0.0 0.2 0.0 . 0.0 0.0 0.0 0.0 !
AVERAGE AREA 234,5 28,9 95,7 35,4 1a5,0 35,7 o0 0.0 0.0 0.0 0.0
TY0Tal NUMUER IN REACH 74,1 0.0 222,2 0,0 148,17 0.0 ) . 0.0 0.0 0.0 0,0
TUTAL ARFA IN REACH 17370,4 28,9 21259.2 35,4 21481,5 35,7 0,0 0,0 0,0 0.0 0,0 0.0
AVERAGE AREA LOG DEBRIS coveﬁ 1.5 0.9 0,1 0,5 007 0.3 0.0 0,0 0.0 0.0 0,0 0,0
AVERAGE AREA BOULDER COVER 1.3 0.6 2.8 2.6 204 1,9 . . 0,0 0.0 0,0 0.0
TAVERAGE AREA INSTREAM VEG, COVER 1.8 11 0.7 1.4 1.6 1,1 . . 0,0 0.0 0.0 0.0
AVERAGE AREA UVERSTREAM VEG, COVER 0.8 0.2 0.7 0.6 1,6 1,0 . O 0.0 0.0 0.0 0,0
AVERAGE AREA CUTBANKS 0.0 0.0 0.0 0,0 0.0 0,0 .0 0. 0.0 0.0 0.0 0.0
AVERAGE AREA TOTAL COVER 5.3 2.8 4,2 5,1 6.3 4,5 . i % 0,0 0.0 0,0 0.0
AVERAGE PERCENT FINES 10,0 10,0 0.0 0,0 6.3 6.3 . ‘o, 0.0 0.0 0,0 0.0
AVERAGE PERCENT SMALL GRAVEL 10,0 10,0 5,0 5,0 643 6,3 0 0.0 0,0 0.0 0.0
AVEHAGE PERCENT LARGE GRAVEL 35.0 35.0 27.5 27.5 31.3 31.3 0.0 0,0 0.0 0.0 0,0 0.0
AVERAGE PERCENT COABLES 35,0 35.0 35,0 35,0 33,8 33,8 o0 0.0 - 0,0 0,0 0.0 0.0
TAVERAGE PERCENT QUULDERS 10,0 10,0 32,5 32,5 22,5 22.5 a0 040 040 0.0 040 0.0 -
AVERAGE PERCENT HEDRNCK 0.0 0,0 0.0 0,0 0.0 0.0 o0 . 0.0 0en 0.0 0,0
B i B [ [ f i i [ ! [ B B i § i ! ’
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2
Representative photographs of the Deadman River and
Criss Creek.
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Deadman River - Reach 1 below Highway 1.

Population estimate site no.

3

trout was l.84g/m2 (0+ = 0.10,

in Reach 1.

Biomass density of rainbow

1+/2+ = 1.74).
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Electrofishing site 7 in a boulder/cobble section.

was 6.02g/m2

(0+ = 3.89,

1+

2.13).

Rainbow biomass

density



P’

. . .

ep, complex habitat. Rainbow biomass

A portion of site no. 9 with de
52, 1+/2+ = 3.40).

density was 4.9Zg/m2 (0+ = 1.

Glide/riffle enviromment in Reach 6. Riparian land use was in early
stages in this area relative to other reaches.
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A large gravel/cobble section in Reach 7. Substrate throughout this
type of environment was compacted.

Site no. 11 in Reach 9. An estimated population of nearly 1,000 rainbow
fry were present in this glide/riffle/glide section. Biomass density
of 0+ = 3q06g/m29 1+ = 0g/m?.
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Criss Creek in Reach 1: moderately high gradient with large substrate.

Criss Creek in Reach 2: glide/pool/riffle habitat at low summer discharge.
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Criss Creek -~ a large mesh gill net found in Reach 1 above the Criss
road bridge. This is evidence of the presence of large fish at some
of the year, perhaps steelhead.

Creek
time
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Fish population estimate results from the Deadman River
and Criss Creek, August 22 to 29, 1979.



DEADMAN RIVER DATE Aug. 23/79 AREA 126m? SITE # 1
SPECIES ACE  f1-RANGE 1 MEAN c, B i TOTAL No./m? BIOMASS No./LINEAR
WEIGHT _ BIOMASS DENSITY DENSITY METER
Rb e 0 o 0 0 0 0
Rb 1+ 100 11.40 1 6 1.67 19,00 0.0l 0.15 0.09
Ch + 52-70 64 2.93 15 .6 25,00 73.17 0.20 0.58 1.32
Coho + 57-65 62 2.82 6 .6 10.00 28.18 0.08 0.22 0.53
ISalmonid 36,7 120.4 0.3 0.95 1.94
Suckers 25-124 "85 8.63 8 .6 13.33 115.10 0.11 0.91 0.70
Dace 1+ 35-40 38 0.54 3. .6 5.00 2.69 0.04 0.02 0.26
Rb K = 1.14 x 10~ Finescale Suckers: log W= -4,457 + 2.88 log SL
ChX = 1,10 x 10-5 where SL = ,88FL (Carlander)
Coho K = 1.20 x 10~5
D;ce K= 9.7 x 10-6
DEADMAN RIVER DATE Aug. 23/79 AREA 113m° SITE f# 2
SPECIES AGE  f1-RANGE 1 MEAN c, p i TOTAL No./m? BIOMASS No./LINEAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb + 0 0 0 0 0 0
Rb 1+  106-110 108 14.38 2 .6 3.33 47.92 0.03 0.42 0.20
Ch + 64-78 70 3.80 3 .6 5.00 19.02 O.bh 0,17 0.30
ISalmonid 8.30 66.90 0.07 0.59 0.50
Dace 1+, 2+ 36-98 56 2.49 6 ) 10.00 24.93 . 0.09 0.22 0.60
Suckers 24-35 28 0.35 9 .6 15.00 5.27 0.13 0.05 0.90
Rb K = 1.14 x 10:2 Finescale Sucker: log W =-4.457 + 2.88 log SL
Ch X = 1.10 x 10 where. SL = .88FL (Carlander)
Dace X = 9,70 x 10-6
[ B [ [ [ = [ [ [ B i B [ [~
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DEADMAN RIVER DATE Aug. 23/79 AREA 141m? SITE # 3
SPECIES AGE  f1-RANGE 1 MEAN c, b A TOTAL  No./m2 BIOMASS No./LINEAR
WEIGHT d BIOMASS DENSITY DENSITY METER
Rb +  52-64 57 2,18 4 .65  6.15 13.43 0.04 0.10 0.37
1+ 112-126 120 19.63 5 .65 7.69 150.98 0.05 1.07 0.46
2+ 138-140 139 30.62 2 .65 3.08 94,22 0.02 0.67 0.18
IRb 16,92  258.63 0.11 1.84 1,01
ch +  62-74 68 3.49 8 .65 12.31 42,99 - 0.09 0.30 0.74
ISalmonid 29.20 301.60 0.20 2.14 1.80
Dace 34-101 47 2.06 6 .60 10.00 20.55 0.07 0.15 0.60
Rb K = 1.14 x 107°
ChK = 1,10 x 102
Dace K = 9.70 x 10-6
DEADMAN RIVER DATE Aug. 23/79 AREA 9%.5m SITE ¢ &
SPECIES AGE  f1-RANGE f1 MEAN ¢, b i TOTAL  No./m® BIOMASS No./LINEAR
WEIGKT BIOMASS  DENSITY DENSITY METER
Rb + 23-71 53 1,78 185 .8 231,25 412,69 2.45 4,37 22.02
Rb 1+ 79-123 95 10.50 10 .8 12.50 131.21 0.13 1.39 1.19
Rb 2+ 137 29,31 1 .8 1,25 36.64 0.01 0.39 0.12
245,00  580.54 2.59 6.15 23.33
Ch + 70-77 74 4 .40 2 .8 2,50 10.99 0.03 0.12 0.24
Coho + 64 3.15 1 .8 1,25 3.93 0.01 0.04 0.12
¥Salmonid 248.80  595.50 2,63 6.31 23.70
Dace 2+, 3+  72-108 93 8.15 5 .8 6.25 50.91 0.07 0.54 0.60
Rb K = 1.14 x 1072
ChX = 1.10 x 102
Coho X = 1.20 x 10-5 :
Dace X = 9,70 x 10'6

_89_



DEADMAN RIVER

DATE Aug. 27/79 AREA 95m2 SITE £ 5
SPECIES AGE  f1-RANGE 1 MEAN ¢, P A TOTAL  No./m? BIOMASS No./LINEAR
WEIGHT , BIOMASS DENSITY DENSITY METER
Rb & 29-67 48 1.35 206 .8  257.50 348.68 2.71 3.67 15.24
Rb 1+ 89 8.04 1 .8 1.25  10.05 0.01 0.11 0.07
258,75  358.73 2.72- 3.78 15.31
Ch + 65 3.02 1 .8 1.25 3.78 0.01 0.04 0.07
£Salmonid 260.00  362.50 2.73 3.82 15.40
Rb K = 1.14 x 107
ChK = 1,10 x 1073 )
(o)}
(Vo]
1
DEADMAN RIVER DATE Aug. 27/79 AREA 62m2 SITE 1 6
SPECIES AGE  £1-RANGE f1 MEAN c, ﬁ TOTAL  No./m? BIOMASS = No./LINEAR
WEIGHT BIOMASS DENSITY DENSITY METER
Rb +  38-62 50 1.51 88 .8  110.00 166,09 . 1.77 2.68 6.43
Rb 1+ 76-129 102 12.40 18 .8 22.50  279.04 0.36 4.50 1.32
Rb 2+ 163-167 165  51.23 2 .8 2.50 128,08 0.04 2.07 0.15
|
IRb 135.00  573.21 2.17 9.25 7.90
Ch +  57-77 68 3,52 68 .8  85.00  298.93 1.37 4.82 4.97
A
Coho +  52-66 . 61 2.81 3 .8 3,75 10.54 0.06 0.17 0.22
ISalmonid 223.80  882.70 3.60 14,24 13.10
Rb K = 1.14 x 1072
Ch K = 1.10 x 10-5
Coho X = 1,20 x 10~ o
N [ [ | @ [ | [ [ [ B i | i
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DEADMAN RIVER DATE Aug. 27/79 AREA 58m2 STTE # 7
SPECIES AGE  f1-RANGE 1 MEAN c, b f TOTAL  No./m? BIOMASS No./LINEAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb +  39-73 56 2.13 85 .8  106.25  225.66 1.83 3.89 11.30
Rb 1+  82-145 103 14.15 7 .8 8.75.  123.81 0.15 2.13 0.93
IRb 105.00  349.47 1.98 6.02 12.23
£Salmonid 105.0 349.50 1.98 6.02 12.20
Dace 3+ 90-105 98 9.15 2 .8 2.50 22.88 0.04 0.39 0.27
Rb K = 1.14 x 107
Dace X = 9.70 x 1076
DEADMAN RIVER DATE Aug. 28/79 AREA 74m? SITE # 8
SPECIES ACE  £1-RANGE £1 MEAN c, P # TOTAL  No./m® BIOMASS No./LINEAR
WEIGHT BIOMASS DENSITY DENSITY METER
Rb +  34-66 47 1.28 95 .8  118.75  152.46 1.60 2.06 7.61
Rb C 1+ 83-124 95 10.23 10 .8 12.50  127.84 0.17 1.73 0.80
IRb 131.25  280.30 1.77 3.79 8.41
EBt + 62 2.38 1 .8 1.25 2.98 0.02 0.04 0.08
Ch +  70-75 73 4.29 3 .8 3.75 16.09 0.05 0.22 0.24
Coho o+ 65-71 68 3.80 2 .8 2.50 9.49 0.03 0.13 0.16
£Salmonid 138.80  308.90 1.87 4.20 - 8.9




DEADMAN RIVER __ DATE Aug. 25/79 AREA 238m? SITE #9
SPECIES AGE  £1-RANGE 1 MEAN ¢, 3 it TOTAL  No./m2 BIOMASS  No./LINZAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb +  34-66 46 1.21 90 -.3  300.00 361.83 1.26 1.52 12.00
Rb 1+  92-140 109 15.67 10 .3 33.33  522.45 0.14 2.20 1.33
Rb 2+ 155-156 156 42.87 2 .3 6.67 285.77 0.03 1.20 0.27
IRb 340.00 1,170.05 1.43 4.92 13.60
Ch +  72-82 78 5.22 7 .3 23.33  121.89 0.10 0.51 0.93
Coho +  64-77 T 70 4,20 10 .3 33.33  139.98 0.14 0.59 1.33
rSalmonid 396.70 1,431.90 1.67 6.0 15.90
Dace 2+ 89 6.84 1. .3 3.33  22.79 0.01 0.10 0.13
Rb K = 1.14 x 1072
Ch K = 1.10 x 10-3
Coho K = 1,20 x 10-3
Dace K = 9.70 x 10-6
DEADMAN RIVER DATE Aug. 25/79 AREA 113.6m? SITE #10
SPECIES AGE  f1-RANGE f1 MEAN ¢, ) i TOTAL No./m? BIOMASS  No./LINEAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb +  38-62 48 1.31 43 .5 86,00 112.93  0.76 0.99 4,57
Rb 1+  100-139 119 19.93 7 .7 10.00 199.32  0.09 1.75 0.53
Rb 2+ 145-174 160 47.40 2 .7 2.86 135,44 0.03 1.19 0.15
98.86  447.69 .88  3.93 - 5.25
! ,
EBt 1+ 100 10.00 2 w7l 2.86 28.57  0.03 0.25 0.15
Ch + 7 92-107 101 11.41 5 .7 7.14 81.53  0.06 0.72 0.38
ISalmonid 108.90 557.80  0.97 4.90 5.80
Rb K = 1.14 x 10-5
EBt K = 1.00 x 107 :
o DI — i) ) .
it = loiar 100 B I . P A _ _ - =
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DEADMAN. RTVER DATE _Aug. 24.79 AREA 302m2 SITE # 13
SPECIES ACE  f1-RANGE 1 MEAN c, b it TOTAL  No./m? BIOMASS  No./LINEAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb + 26-62 44 1.06 450 0.52% 872.84  925.16  2.89 3.06 22.04
LSalmonid 872.80 925,20 2.89 3.06 22.00
* probability calculated from two catches p = C1-C2 = 10,5156
G
Rb K = 1.14 x 10-5
DEADMAN RIVER_ DATE Aug. 22/79 AREA 106m? SITE f 12
SPECIES AGE  f£1-RANGE £1 MEAN c, b fi TOTAL  No./m® BIOMASS  No./LINEAR
WEIGHT BIOMASS  DENSITY DENSITY METER
Rb +  35-70 53 1.85 74 .7 105.71  195.83 1.00 1.85 7.55
Rb 1+ 115-132 124 21.78 2 .7 2.86 62.23 0.03 0.59 0.20
108.57  258.06 1.03  2.44 7.75
£Salmonid 108.60  258.10 1.03 2,44 7.80
Dace 1+, 2+  44-87 . 73 3.81 36 .7 51.43  196.17 0.49 1.85 3.67
Rb K = 1.14 x 107

Dace XK = 9,70 x 10-6

._ZL_



CRISS_CREEK DATE Aug. 26/79 AREA _ 44, 8m? SITE # 1 _
SPECIES AGE  £1-RANGE 1 MEAN c, B A TOTAL  No./m? BIOMASS No./LINEAR
WEIGHT BIOMASS DENSITY DINSITY METER
Rb A 33-59 49 1.43 28 .7 40.00 57.27 0.89 1.28 2.65
Rb 1+ 74-124 93 9.92 26 *.786 33.08 - 328,10 0.74 7.32 2,19
Rb 24+ 140-142 141 31.96 2 *,786 2.54 81.33 0.06 1.82 0.17
75.62  466.70 1.69  10.42 5.01
Ch + 67 3,31 1 .7 1.43 4.73 0.03 0.11 0.09
$Salmonid 77.00  471.40 1.72  10.53 5.10
* Calculated from 2 catch method.
Rb K = 1.14 x 1075 !
ChK = 1.10 x 10-5 o
|
CRISS CREEK DATE Aug. 26/79 AREA 55.6m> SITE # 2
SPECIES AGE  £1-RANGE 1 MEAN ¢, B i TOTAL  No./m® BIOMASS No./LINEAR
WEIGHT BIOMASS DENSITY DENSITY METER
Rb + 27-54 42 0.92 89 .8  111.25 102,49 2.00 1.84 7,92
Rb 1+ 71-98 84 7.03 23 .9 25.56  179.74 0.46 3.23 1.68
Rb 2+ 125-132 129 24.50 4 .9 4.44 108,89 0.p8 1.96 0.29
Rb 3+ 150 38.48 1 .9 1,11 42,75 0.02 0.77 0.07
IRb ) 142.36  433.87 2.56 7. 80 9.36
£Salmonid 142.40  433.90 2.60 7.80 9.40
[ [ P [ [ [ a [ [ . i ' [ [ [
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APPENDIX VI Computation of juvenile rainbow trout condition factor

based on length-weight data collected in the field.

Condition factor (K) = weight (g)

1ength(mm)3
L (mm) WI(g) L (tom) WI(g) L (mm) WT (g) L (mm) WI(g)
52 1.70 51 1.43 38 0.53 52 1.80
54 1.56 54 1.78 39 0.55 53 1.61
59 2.35 55 1.81 40 0.56 '_§§“d7 1.87
64 2.95 56 2.02 41 0.62 54 1.75
112 15.79 58 2.27 41 0.75 - 55 2.00
114 16.48 59 2.44 42 0.74 56 2.42
123 18.43 64 2.76 42 0.74 59 2.35
123 19.50 64 3.03 43 . 0.70 59 2.33
126 23.34 66 3.43 46 1.05 60 2.61
138 30.95 68 3.20 46 1.10 61 2.48
140 32.18 70 3.74 47 1.13 62 , 2.70
42 0.91 79 5.60 48 1.14 63 2.93
44 0.98 82 6.29 48 1.31 67 3.36
46 1.07 86 7.25 48 1.51 67 3.50
46 1.20 92 8.61 48 1.25 68 4.13
48 1.00 99 9.55 48 1.38 70 3.90
48 1.10 123 20.82 49 1.24 115 16.77
49 1.37 137 30.70 50 1.31 132 26.45
50 1.24 37 0.45 51 1.81
50 1.30 38 0.52 51 1.63
1. regression of weight on length3

2,

regression coefficient = K = 1.14 x 107°

empirical formula for rainbow trout juveniles

Weight(g) = 1.14 x 1072 (length3)
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Summary of scale reading and circuli counts of juvenile
rainbow trout in the Deadman River and Criss Creek,
August 22 to 29, 1979.

NUMBER OF CIRCULI TO

AGE BRE. LENGIH 1st ANNULUS 2nd ANNULUS TOTAL
DEADMAN RIVER
0+ 61 10
o+ 69 8
O+ 71 8
0+ 79 18
0+ 73 9
0+ 61 8
mean 10.16
1+ 123 10 23
1+ 89 9 15
1+ 86 9 22
1+ 123 12 27
1+ 112 13 26
1+ 126 12 26
1+ 123 14 25
1+ 114 11 27
1+ 100 9 21
1+ 110 12 28
1+ 106 11 22
1+ 115 11 22
1+ 145 16 25
1+ 82 9 18
1+ 82 10 18
1+ 127 12 23
1+ 101 10 22
1+ 111 12 21
1+ 140 14 27
1+ 120 13 28
1+ 110 12 26
1+ 100 11 24
1+ 130 16 25
1+ 132 13 28
1+ 115 14 30
mean 11. 23.96
2+ 137 9 20 31
2+ 140 11 22 31
2+ 138 11 28 36
2+ 167 10 28 43
2+ 155 13 28 36
2+ 145 12 23 29
mean 11 24.83 34.33
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SUMMARY FOR DEADMAN RIVER

GE GROUP B _CIRCOLL
A Tst ANNULUS _ 1st ANNULUS TO 2nd ANNULUS PLUS GROWTH
o+ = = 10.16
1+ 11.8 = 12.16
2+ 11.0 13.83 9.50
AGE FORK LENGTH NUMBER OF CIRCULI TO
1st ANNULUS 2nd ANNULUS TOTAL
2. CRISS CREEK
1+ 76 9 15
1+ 76 13 17
14 102 14 22
1+ 124 14 23
1+ 101 11 21
e 94 11 18
1+ 80 11 18
1+ 112 = -
1% 71 9 . 15
mean 11.5 18.6
2+ 140 9 21 28
2+ 132 8 20 28
mean 8.5 20.5 28
34 150 1st = 7 2nd = 16 3rd = 24 28
SUMMARY FOR CRISS CREEK
AGE. GROUP n CIRCULI
Tst ANNULUS ~ 1st ANNULUS TO 2nd ANNULUS PLUS GROWTH
1+ 11.5 - 7.1
2+ 8.5 12.0 7.5
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Cumulative length frequency records for the Deadman
River and Criss Creek, August 22-29, 1979.
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Habitat parameters sampled in the 12 Deadman River

population estimate sites.
~
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APPENDIX IX Standing crop calculations

Estimates of standing crop were made by relating fish-habitat
association relationships to reach habitat paremeters, with consideration
to suspected recruitment levels. The habitat-tiomass density relation-

ships derived in section 4.3.4 and used in starding crop calculations are

T

r o

r—

summarized in Table 1.

TABLE 1 Summary of habitat-biomass density relationships used in standing
crop estimates in the Deadman River and Criss Creek.

HYDRAULIC UNIT TYPE 1 TYPE 2
DEADMAN RIVER
rainbow fry pool, riffle, glide depth curve ' depth curve
(Fig. A) (Fig. A)
D
rainbow parr pool total cover curve total cover curve
(Fig. ©) (Fig. C)
riffle, glide constant at total cover curve
1.85g/m” (Fig. ©)

chinook/coho  pool, riffle, glide

CRISS CREEK

rainbow fry
and parr all

total cover curve total cover curve
(Fig. B) (Fig. B)

mean samcled biomass density

Appfopriate habitat parameters were selected for each hydraulic unit of

each reach (Table 2) and a value for biomass density of each age-group

in each unit was derived from the above relatioaships.

Where curves were

used, direct graphical analysis was employed rather than regression

analysis in order to satisfy the nonlinear functions (depth) and to

minimize over or under estimates.
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TABLE 2 Habitat parameters used in standing crop calculations for the Deadman River (summarized from AppendixIII).
REACH HABITAT LENGTH  TOTAL FOOLS RIFFLES ~ GLIDES
TYPE AREA AREA % D v %“TC -AREA % D \Y ZTC AREA % D \'} ZTC
Deadman River
pi 1 6,650 54,748 5,256 9.6 4 .19 7.7 31,973 58.4 .2 .33 3.3 17,519 32 .3 .25 2.5
2 1 6,180 51,047 5,105 (10.0) 22,971 (45.0) 22,971 . (45.0)
3 2 3,480 27,495 2,859 (10.4) 11,658 (42.4) 12,978  (47.2)
4 2 5,230 41,322 4,308 10.4 .8 .11 9.7 17,527  42.4 .2 ,35 3.7 19,487 47.2 .3 .26 5.4
S5 1 2,380 17,724 931 5.2 1.1 .07 24,0 7,502 42,3 .2 .43 6.5 9,291 52.4 .3 28 4.7
6 2 1,980 13,457 2,225 16.5 .5 .16 10.6 3,493 26.0 .2 .35 13.1 7,739 57.5 .3 .24 8.9
7 1 550 4,047 0 0.0 1,349 33.3 .2 .38 13.1 2,098 66.7 .3 «29 8.7
8 2 3,720 22,245 4,589  20.6 o7 .10 10.6 6,293 28.3 .2 .32 3.4 11,363 5. .3 .23 5.6
9 2 1,980 12,670 1.986 15.7 A4 .16 1.7 5,348 42,2 .1 .41 0.6 5,336 42.1 .2 ,20 0.3
10 1 3,960 25,783 1,444 5.6 o 13 8.4 14,641 56,8 .2 .38 7.6 9,698 37.6 .3 .25 4.1
11 1 1,340 8,844 884 (10.0) 5,307 (60.0) | 2,653 (30.0)
Criss Creek @
1 1 4,800 19,877 6,184 3l.i &3 4,0 10,336 52,0 .1 19.7 3,357 16.9 .3 16.0
2 1 7,400 36,397 992 2.7 o3 2.8 16,487 45.3 .1 7.8 18,918 52.0 .2 4,2
3 1 9,000 690,111 17,370  28.9 3 2,8 21,259 5.1 21,482 35.7 .2 4.5




TABLE 3(a)

Deadman River standing crop calculations - Rainbow fry.

REACH POOLS | RIFFLES GLIDES TOTAL
v AREA BIOMASS/ TOTAL AREA  BIOMASS/ TOTAL AREA  BIOMASS/ TOTAL AREA  BIOMASS/  TOTAL
m2  BIOMASS ™ BIOMASS m2 BIOMASS m? BIOMASS
Deadman River
1 5,256  0.03 160 31,973 0.03 960 17,519  0.03 530 54,748 .03 1,640
2 (5,102) 0.10 510 (22,971) 0.10 2,300 (22,971) 0.10 2,300 51,047 .10 5,110
3 (2,859) 1.00 2,860 (11,658) 3.60 41,970 (12,978)  3.10 40,260 27,495  3.10 85,060
4 4,308 1.00 4,310 17,527  3.60 63,100 19,487  3.10 60,410 41,332 3.10 127,810
5 931  1.00 930 7,502  2.00 15,000 9,291  3.80 35,310 17,724 2.89 51,240
6 2,225 1.35 3,000 3,493  3.60 12,570 7,739 3.10 23,990 13,457 2.94 39,570
7 0 - - 1,349  2.00 2,700 2,698  3.80 10,250 4,047  3.20 12,950
8 4,589 1.00 4,590 6,293  3.60 22,650 11,363  3.10 35,230 22,245  2.81 62,470
9 1,98 2.70 5,360 5,348  1.20 6,420 5,336 3.40 18,140 12,670  2.36 29,920
10 1,444  1.00 1,440 14,641  2.00 29,280 9,698  3.80 36,850 25,783  2.62 67,580
11 (884) 1.00 880 (5,307) 2.00 10,610 (2,653) 3.80 10,080 8,844 2,43 21,570
L 24,040 207,560 273,350 504,930
£I = 504,930 ¢ 1.27g/fry = 397,600 = 400,000 fry
Criss Creek  TOTAL AREA  BIOMASS/m®  TOTAL BIOMASS
1 19,877 1.56 31,000
2 36,397 1.56 56,780
3 30,055 1.56 46,890
) 134,670g + 1.27g/fry = 106,000 = 100,000 fry
Ao g e N | . L L W i B i i | - [ | . [ B [ .



N

o e e ™ ™ T r an N O e r -
TABLE 3(b) Deadman River standing crop calculations - Rainbow parr
REACH POOLS RIFFLES GLIDES TOTAL
# AREA BIOMASS/ TOTAL AREA  BIOMASS/ TOTAL AREA BIOMASS/ TOTAL AREA  BIOMASS/  TOTAL
m2 BIOMASS m2 BIOMASS m BIOMASS m2 BIOMASS
Deadman River .
1 5,256 0.753 3,942 31,973 0.92 28,776 * 17,519 0.9a 15,767 54,748 0.89 48,485
2 (5,102) (1.50) 7,653  (22,971) (1.85) 42,496  (22,971) (1.85) 42,496 51,047 1.81 92,654
3 (2,859) (2.00) 5,718  (11,658) (0.70) 8,161  (12,978) (1.00) 12,978 27,495 0.98 26,857
4 4,308 2.0 8.616 17,527 0.70 12,269 19,487 1.0 19,487 41,322 0.98 40,372
5 931 6.5 6,052 7,502  1.85 13,879 9,291 1.85 17,188 17,724 2.09 37,119
6 2,225 2.15 4,784 3,493  2.70 9,431 7,739 1.80 13,930 13,457 2.09 28,145
7 0 - 0 1,349 1.85 2,496 2,698 1.85 4,991 4,047 1.85 7,487
8 4,589 2,15 9,866 6,293 0.6 3,776 11,363 1.1 12,499 22,245 1.18 26,141
9 1,986 0.2 397 5,348 0 0 5,336 0 0 12,670 0.03 397
10 1,446  0.852 1,227 14,641 0.92 135177 9,698 0.92 8,728 25,783 0.90 23,132
11 884 (0.85)2 751 (5,307) (0.9)2 4,776 (2,653) (0.9)2. 2,388 8,844 0.89 7,915
5 49,006 139,237 150,452 338,704
P 338,700g @ 75% 1+ = 254,000g + 13.04g/fish = 19,480 1+
@ 25% 24P = 84,700g + 40.82g/fish = 2,070 2+
1+ 2+ _ 3+
Criss Creek TOTAL AREA BIOMASS/m2 TOTAL BIOMASS BIOMASS/m2 TOTAL BIOMASS BIOMASS/m2 TOTAL BIOMASS
1 19,877 3.23¢ 64,203 1.9 37,770 0.4 7,950
36,397 3.23¢ 117,562 1.9 69,150 0.4 14,560
3 30,055 3,23° 97,078« 1.9 57,100 0.4 12,020
IBiomass 278,843 164,020 34,530
welght/fish 7.90 26.94 38.47
INumbers 35,286 “ 16,090 900

because of suspected undersaturated conditions predicted values were halved.

based on sampled biomass ratio of 1+ to 2+ in the population estimates.

this value used because of suspected inflation of the 7.32g/m2 of 1+ sampled at site 1, due to a barrier to

downstream migration.

_98_



TABLE 3(¢) Deadman River standing crop calculations - chinook and

coho.
REACH POOLS RIFFLES GLIDES _TOTAL
AREA BIOMASS(g)/ TOTAL AREA BIOMASS(g)/ TOTAL AREA BIOMASS(g)/ TOTAL AREA BIOMASS(g)/ TOTAL
mé BIOMASS (g) n2 BIOMASS(g) n? BIOMASS (g) n BIOMASS (g)
Deadman River
1 5,256 .3 1,580 131,973 .15 4,800 17,519 .1 1,750 54,748  0.15 8,130
2 (5,102) (.3) 1,530 (22,971) (.15) 3,450 (22,971)  ¢.1) 2,300 51,047  0.14 7,280
3 (2,859)  (.35) 1,000 (11,658) (.20) 2,330 (12,978)  (.2) 2,600 27,495  0.22 5,930
4 4,308  (.35) 1,500 17,527  (.20) 3,500 19,487 2 3,900 41,322  0.22 8,900
5 931 5.0 4,660 7,502 .20 1,500 9,291 o2 1,860 17,724 0,45 8,020
6 2,225 b 890 3,493 .60 2,100 7,739 3 2.320 13,457  0.39 5,310
7 - 0 1,349 260 810 2,698 .3 810 4,047  0.40 1,620
8 4,589 A 1,840 6,293 .20 1,260 11,363 .2 2,270 22,245  0.24 5,370
9 1,986 - 0 5,348 0 0 5,336 0 0 12,670 0 0
10 1,444 - 0 14,641 = 0 9,498 - 0 25,783 0 0
11 (884) - 0 (5,307) = 0 (2,653) = 0 8,844 0 0
5 13,000 19,750 17,810 50,560
£f = 50,560g + 3.71g/fish = 13,630 chinook & coho
n mean length k mean weight
chinook 112 69.8 1.10 x 107> 3.74g
coho 29 66.1 1.20 x 10-3 3.47g
mean 134 69.2 1.12 x 10~3 3.71g
112 _
n chinook 13,630 x 134 © 11,400
h = 13,630 x =22 = 2,200
n coho N 134 = N
N s 0aE s ba s I S e [ W, [ [ [ ' f [

_LS_.
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Downstream migration of fish from the Deadman River, 1977
and 1978. All data reprinted from Starr (1979).
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Table 17. Total Downstream Migration by Species for the Periods July 22 to October
13, 1977 (83 days) and July 13 to September 19, 1978 (68 days) in
Deadman River

Average Peak Date of

Total Daily Daily Peak
Migration Migration Migration figration
1977 1978 1977 1978 1977 1978 1977 1978

Chinook pre-smolts
(Oncorhynchus tshawystcha) = 8,525 5,352 103 79 440 350 Sept 8 _Sept 6

Rainbow 0t 52,826 - 59,609 636 877 3,383 7,673 Sept 25 Sept 5
Rainbow 1+ _
(Salmo gairdneri) - 9,480 16,140 114 237 570 772 Sept 25 Aug 16
Coho pre-smolts
(Oncorhynchus kisutch) . 119 72 1.4 © 1.1 8 6 Aug 3 July 26
Sucker , .
(Catostomus sp.) 766 1,241 9.2 18.3 92 82 July 24 July 14
Squaw fish
(Ptychocheilus oregonensis) 1 4 0.01 0.1 1 1 Aug 19 July 25
Rocky-mountain whitefish '
(Prosopium williamsoni) 201 181 2.4 2:7 38 35 Aug 10 July 28
Brook lamprey : '
(Lampetra richardsoni) 9 34 0.1 0.5 2 9 Aug 21 July 14
Pacific lamprey . .
(Entosphenus tridentatus) 3 18 0.04 0.3 1 4 Aug 19 July 14
Sculpin sp.
(Cottus sp) B 18 16 0.2 0.2 8 4 Oct 5 July 14
Burbot | |
(Lota lota) : 1 2 0.01 0.03 1 1 Aug 15 Aug 26
Red-side shiner ;
(Richardsonius balteatus) 0 2 - 0.03 - 1 - July 26
Dace ' _ .
(Rhinichthys. sp) 0 3 - 0.04 - 1 - July 19
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L Appendix Vlla. Average size of migrant chinook pre-smolts and yecarling rainbow trout cayp -
turcd at the weir in Decadman River over the period July 26 to October 8,
1977. Growth ratcs by length and correlation coefficients are weighted

L by the number of fish measured on each date.
L . CHINOOK RAINBOW TROUT
Mcan 95% Mean 95%
L No. fork length Conf. Limits No. fork length Conf. Limits
Date Fish (mm) ~ (rmm) Fish (mm) (rm)
o Jul 26 - - - 25 106.4 6.2
L Jul 29 100 65.3 1 S0 120.6 4.3
Aug 4 50 64.6 1.5 73 117.9 3.6
L Aug 13 50 66.6 1.3 100 116.8 3.7
Aug 19 50 67.1 1.6 130 117.5 4.0
L Aug 26 117 70.2 1.1 124 120.3 3.3
Sep 3 75 69.7 1.5 73 118.2 3.7
L Sep 9 100 69.8 78 120.0 4.3
Sep 17 79 72.3 73 119.0 4.3
L Sep 24 100 . 73.8 111 © 118.3 3.3
Oct 1 88 74 .1 1.8 96 112.6 3.5
L Oct 8 - 100 : 71.2 57 119.5 5.6
L % growth rate (%/day) 0.167 (+.005) -.003 (*.007)
Arithmetic growth rate
L (mm/day) 0.119 (*.038) -.003 (+.008)
Corr. coefficient ' 0.901 (P=.01) _ -.022 t\-‘S)

5
L

P
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Appendix VIIb. Average size of 1978 migrant chinook pre-smolts and
yearling rainbow trout captured at the 2 x 3 floating
trap (April dates) and the juvenile weir (July -
September dates) in Deadman River. Growth rates by
Tength and correlation coefficients are weighted by the
number of fish measured on each date and are computed

- for the summer dates only.

Chinook Rainbow Trout
Mean 95%
Fork Conf Mean 95%
Date No Length Limits No Fork Conf
(1978) Fish (mm) (mm) Fish L%ﬂ%&h _Limi}§
Por 18 100 86.1 1.2 191 76.9 2.1
25 11 29.6(1) 1.2 196 76.8 1.9
26 93 86.5 1.3 - - -
July 17 75 64.6 1.4 - - -
24 91 67.5 1.1 100 113.7 -3.5
31 75 66.1 1.2 125 118.4 3.6
Aug 1 30 67.3 1.9 25 117.6 8.7
8 33 68.0 Yod 100 117.6 ) 3.4
15 S Y4 71.5 3.2 84 121.6 4.8
22 98 70.5 1.3 121 116.8 3.7
29 91 77.5 1.5 130 118.0 3.0
Sept 5 64 75.6 1.4 100 114.7 3.3
12 114 76.3 1.1 101 114.9 4.7
19 69 79.5 1.5 81 127.3 4.5
% Growth Rate
(July-Sept dates only)  : 0.314 (+ 0.007) 0.051 (+ 0.010)
Arith. Growth rate (mm/day)
(July-Sept dates only) : 0.224 (+ 0.005) 0.063 (+ 0.012)
Correlation coefficient : 0.950 (p = .01) 0.306 (p = .01)

(1) Lengths are taken from preserved

fish and may not be representative
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