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EXECUTI VE SUMMARY

Studi es were undertaken duri ng 1984 to eval uate aquat i c resources in
the Telkwa Project study area in northcentral British Columbia.

Stream peri phyton, invertebrates and fi sh popul at ions were assessed
in Goathorn and Tenas creeks and the lower Telkwa River. As well

potential impacts associated with the proposed coal mine and rail

access, and means of mitigating impacts or enhancing fish populations

in the area were eval uated.

Stream periphyton accumulation rates and community composition were

measured over a 6-week period above and below the proposed mining

operations on Goathorn Creek. The periphyton community was comprised

entirely of diatoms at both sites. The studies suggest that

periphyton growth in Goathorn Creek is presently limited by the low

avai 1 abi 1 ity of nitrogen, and that the rates of accumu1 at i on are nea r

the lowest values reported for extreme nutrient deficient streams in

ß.C.

A second year of information describing the composition and abundance

of benthic invertebrates in the study area was collected in 1984.

Numbers of invertebrates were more than 30% lower than in 1983. As

well, thei r development rate was slower throughout the study areas

compared to 1983. As in the previous year, the benthic community was

typi cally domi nated by mayf1 i es and stonef1 i es, a1 though there were
some di fferences between years, part i cu1 ar1y in lower Goathorn
Creek.

Studies of stream drift and fish stomach contents were also under-

taken on Goathorn Creek in 1984. The drift, comprised predominantly

of aquatic invertebrates (83%), was three times more abundant above

the proposed mining operation than below. Stee1head trout and Dolly

Varden char in Goathorn Creek both feed primarily on aquatic inver-

tebrates, particularly mayflies.
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The tolerance to changes in water quality of the various taxa of

aquat i c invertebrates found withi n the study area were descri bed and
a Biological Condition Index was calculated for the benthic inverte-

brate sample sites. This index provides a means of comparing stream

condition from year to year based on the composition and abundance of

invertebrates at each site.

A detailed evaluation of fish habitat within the study area (includ-

ing Hubert Creek) was undertaken in the 1984 studies. In addition, a

second year of juvenile fish sampling at index sites in Goathorn and

Tenas creeks and the lower Tel kwa Ri ver was conducted. The resul ts
of this program confirm the importance of the study streams as

rearing areas for stee1head trout. Fish distribution, biomass and

density estimates for older age classes of fish were generally

similar to the 1983 results. However, both stee1head trout and Dolly

Varden char fry numbers were sharply lower in 1984 throughout the

Te1kwa system. As well, fish were smaller in 1984 suggesting that

growing conditions in the study streams were poor compared to 1983.

Additional fish studies undertaken during the 1984 program included

measuring metal concentration in the muscle tissue of 30 fish from

Goathorn and Tenas creeks, samp 1 i ng wetland areas adj acent to the
lower Telkwa River, and conducting aerial counts of coho salmon

spawners in the Telkwa River.

Potential impacts to the aquatic resources in the study area could

result from acid mine drainage and stream sedimentation. Based on

information from other study components, these potential problems can

be managed. The removal of water from the Tel kwa Ri ver by means of

infiltration galleries and the proposed rail access to the mine site

pose minor problems to the aquatic resources in the study area.

Mit i gat i on and enhancement opti ons for the vari ous study streams are

feasible and inc.hide steel head trout fry p1antings and stream

fertilization in the tributary streams and coho salmon and stee1head.

trout fry Piant1ngst~::~e¿:h:n~e:_ deve;.o~:~:t. 1n th~,Tei:: ~1V:.~~
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1. INTRODUCTION

Aquat i c studi es were undertaken from August to 1 ate November 1984 to
supplement information collected for Crows Nest Resources Limited

(CNRL) since 1982. These studies were undertaken as part of CNRL's

Stage II assessment of the Telkwa Project located in northcentral

British Columbia (Figure 1.1). Several ~spects of the studies were

designed in response to comments from government resource agencies to

the Stage I submi ss ion (CNRL 1983). The studi es focussed on areas

potentially affected by the coal development proposed primarily

within the Goathorn Creek watershed, but they included work in the

lower Telkwa River (Figure 1.2). As well, work was undertaken in

Hubert Creek and in several sections of the Bulkl~t:iver in the

vicinity of the. proposed transportation corridor;~to t~e mine site.

of
The aquatic studi es, whi 1 e emphasi zi ng the fi sh resources Jx the

study area, also include studies of the stream periphyton and inver-

tebrate communities. The program focussed on developing biological

data of sufficient detail to serve as background in evaluating

year-to-year variabil ity within the system prior to the mine start-up

and to detect possible changes resulting from the mine's operation.

As well, the studies have been designed such that sites above the

proposed mi ne property in Goathorn and Tenas creeks can serve as

controls for monitoring changes that might occur in downstream

locations over time. The studies also provide the information base

required for assessing potential impacts of the proposed mine and

associated transportation corridor and to develop a strategy for

mitigation or enhancement of the aquatic resources in the study area.

Periphyton refers to the assemblage of aquatic microflora including

algae, bacteria and fungi that grow on the stream substrate. It is

an important food source for a wide variety of stream insects that

are ad;Pted for either grazi ng attached peri phyton or collect i ng

drift particles~: often from sloughed periphyton. The characteriza-

tion of periphyton in Goathorn Creek serves as an aid in evaluating

i";t
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water quality and nutrient deficiencies. As well, periphyton accumu-

lation on substrata is sensitive to chemical change and is ideal for

experimental detection of chemical impacts. In this study, the

periphyton algae of Goathorn Creek have been described in terms of

community structure and accumulation on artificial substrata, and

findings are discussed in relationship to the ambient chemical

characteri st i cs of Goathorn Creek.

Stream invertebrates are important intermediaries in the utilization

of plant material such as algae, leaves and wood, and are a major

food source for fi she Thei r 1 imited mobil ity and short 1 i fe span
make them useful for detecting altered stream conditions. The 1984

studies provide a second year of detailed evaluation of benthic

invertebrate numbers and composition at sites in Goathorn and Tenas

creeks and in the lower Tel kwa Ri ver. The invertebrate studi es were

supplemented by an evaluation of stream drift and fish utilization of

invertebrate populations based pn analysis of their stomach contents.

Fish populations occur in all of the larger streams associated with

the Telkwa Coal Project. Summer steelhead trout are the main species

utilizing Goathorn and Tenas creeks and the lower Telkwa River.

Tributaries such as these creeks help provide the basis for the

valuable summer steelhead trout sport fishery that exists on the

Bulkley River. Coho, chinook and pink salmon, cutthroat trout, and

Dolly Varden char are also present within the study area. The common

and scientific names of all fish species mentioned ,in the text are

listed in Appendix 1.

Studies undertaken during 1984 provide a second year of detailed

juvenile fish population estimates in the study streams. Additional

sample sites were added to the program to provide better distribution

and production information and samples of fish muscle tissue were

analyzed to provide background metal concentrations occurring in fi sh
within the main study streams. A second evaluation of coho salmon

~~
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spawning distribution within the Telkwa system was conducted during

1984 and more detai 1 ed assessments of aquat i c habitat in the study

a rea were undertaken to aid in i dent i fyi ng fi sh product i on 1 i mi ta-
t ions and areas of potent i a 1 enhancement.

The final sections of this report outline the potential impacts of

the proposed coal mine and its ancillary developments on the area1s

aquatic resources, and present options for mitigation or enhancement

of fish stocks within the systems.

, L
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2. METHODS

Fi e 1 d studi es were conducted prima ri ly du ri ng September and October

1984, although some wetland sampling was undertaken in August and

adult fish surveys continued until the end of November. The main

juvenile fish and invertebrate sampling program was conducted by a

crew of three duri ng the 1 atter hal f of September to correspond with

the timing of the 1983 sampling program. Access to all sites was by

vehicle except to the three upper Tenas Creek sites and to a site at

the confl uence of Goathorn and Tenas creeks. These sites were

reached by he 1 i copte r.

2.1 PER I PHYTON STUD I ES

Peri phyton were characteri zed by sites G2 and G5 in Goathorn Creek

(Figure 2.1) using measurements of community taxonomy, chlorophyll a

accumulation rates on artificial substrata and tissue nitrogen:

phosphorus (N:P) ratios. All samples for these analyses were

collected from four replicate ~ situ styrofoam substrata which

consisted of 0.6 cm x 30.5 cm x 30.5 cm sheet of styrofoam DB

attached to a rigid plate of similar proportions. In turn, this, was

bol ted to a 30.5 x 30.5 x 5 cm concrete block pl aced in the st ream

with the styrofoam surface raised several centimeters above the

stream bottom. The blocks were placed in sites with similar water

depth, velocity and light exposure. The plates were incubated on

September 5, 1984 and left in place for six weeks (Figure 2.2).

Samples for chlorophyll ~ analysis were collected weekly from each

plate (Figure 2.3). Styrofoam cores were extracted using the open

end of a 12 dram plastic vial, wrapped in laboratory parafilm, packed

on ice in a light-tight cooler, and shipped by air freight to Can

Test Ltd. in Vancouver for analysis. Chlorophyll ~ was det~rmined by

the fluorometric ,methods outlined in APHA (1980) after homogenization

of the cores in a high speed tissue grinder. Acetone added directly

to the homogenized material for pigment extraction completely

~~
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fi gure 2.2 Peri phyton accumul ati on rates and communi ty taxonomy
were measured on four repl i cate styrofoam substrata
located above and below the proposed mi ne property
on Goathorn Creek.

Figure 2.3 Sampl es for measurements of
(chlorophyll a) were extracted
sheets on a weekly basis.

accumul at i on rate
from the styrofoam
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dissolved all styrofoam residues. Blank tests showed that styrofoam

did not interfere with the fluorometric assay.

Accumulation rates of the algal periphyton were calculated by fitting

ln transform chlorophyll ~ data for all sampling days to the

exponential growth equation for each site:

y = aekt

where y is the cholorphyll ~ concentrations (mg chl!jm2) at day t;

a is the ordinate intercept (mg chl~/m2): and k is the specific net

accumulation rate (d-1) (Guillard 1973). The ln transform was

necessary to equilibrlate unequal variances in the raw data to

satisfy requirements of least squares analysis. The influence of

rapid initial settlement was limited by beginning calculations of k

on day 7. Significant difference between k values at sites G2 and G5

were evaluated using the t test statistic for comparison of two

regression slopes in an analysis of covariance. The period of

accumulation from day 0 to day 7 is assumed to primarily represent

initial colonization and relatively little growth. The difference in

standi ng crop between the two sites at day 7 may then be interpreted

as an index of differences in the affinity of algae cells to settle

on the styrofoam substrata. This difference in settlement may also

be evaluated from the regression intercepts. The intercept value

theoretically represents an initial standing crop (mg chl!jm2) or

inocul um for the observed accumulation rate. Comparisons of these

regression intercepts can be used as an index of the settlement

affinity of algal cells.

At the end of the six week incubation period (October 17) an addi-

tional core was collected from each plate for a taxonomic evaluation

and the remainder of the styrofoam was collected for a tissue

nitrogen and phosphorus assay. The taxonomy samples were preserved

in Lugol's solution in the field and analyzed by the qualitative

method of Northcote et ale (1975). Samples were prepared by scraping

cells free of the styrofoam with a stiff-bristle toothbrush followed ~~

~
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by settling in Utermõhl chambers. The relative abundance of each

algal phyla was determined using an inverted phase contrast micro-

scope at 500x magni fi cat ion.

Analyses for tissue organic nitrogen and organic phosphorus were made

on a homogeni zed mi xture of styrofoam and accumul ated bi omass. A

concurrent run of styrofoam bl anks showed that interference and

contami nat i on by the styrofoam was undetectabl e. Organi c nitrogen
was determined by the kjeldahl method of APHA (1980) and organic

phosphorus was assumed to be the difference between total phosphorus

and inorganic phosphorus, both determined from the boiling extraction

procedures (BEP) of EPA - U.S. Corps. Engineers (1981).

2.2 BENTHIC INVERTEBRATE STUDIES

Benthic invertebrates were sampled at 11 sites in Goathorn and Tenas

creeks and in side channels of the Telkwa River (Figure 2.1). The

sites were identical to those samples in 1983 (Bustard 1984a) except

two additional sites, G3A and G5A, were established just downstream

of sites G3 and G5 respectively. Metal benchmarks established during

the previous year1s sampling served as reference points, and six

replicate samples were taken at the same distance from the benchmark

as recorded duri ng the previ ous sampl i ng program.

Samples were collected using a Waters-Knapp sampler (Waters and Knapp

1961) with a 250 ~m-mesh size. The substrata inside the cylinder was

agitated to approximately 10 cm depth and 1 arger stones were brushed

by hand to loosen adhering organisms. All samples were preserved in

formalin solution and subsequently identified to family, and usually

genus 1 evel for the domi nant and sub-domi nant orders. Informati on

describing water temperature, depth and velocity, as well as

substrate characteristics were recorded at the collection sites.

G~
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2.3 DRIFT STUDIES

Invertebrate drift was sampled at sites G5 and G2 (Figure 2.1) on

September 20 and 21 respectively. The drift samplers had opening

dimensions of 15 cm (height) by 10 cm (width) and consisted of a 250

~m-mesh nitex sock 15 cm in length attached to a plastic cOllecting

bottle. The samplers were held in place by rebar and were positioned

so that the surface water was sampled. Drift samplers were located

on each side of a glide section of stream, downstream from a riffle.

Samples were collected over a 24-hour period, and split into day and

night subsamples. The drift samples were preserved in formalin

sol uti on and subsequently identi fied to fami ly and inmost cases
genus level for the dominant orders of aquatic invertebates.

No effort has been made to estimate total amount of dri ft in the

system. Rather the composition of the drift and how this was

reflected in the fish diet studies and in the composition of the

stream benthic community was emphasized.

2.4 FISH STOMACH CONTENT STUDIES

Stomachs were removed from 25 steel head trout parr and 25 Dolly

Varden char sampled at sites G2 and G5 respectively. These fish,

collected in conjunction with the juvenile sampling programs, were

measured to the nearest millimeter and weighed to the nearest 0.1 g.

Thei r stomachs were removed and preserved in 10% formal i n sol ut i on

for subsequent identification of contents. Organisms present in the

fish stomachs were identified to family, and in most cases to genus

1 evel for domi nant orders of aquati c invertebrates.

The initial study design was to analyze stomach contents from samples

of both fish species at each site. However, insufficient numbers of

steel head parr a~d Dolly Varden char were captured at sites G5 and G2

respectively to comprise adequate samples.

~~
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2.5 FISH HABITAT STUDIES

All stream systems in the study area except Hubert Creek have had

Aquatic Biophysical Maps prepared at a scale of 1:50,000. A summary

of these maps was presented in the Environmental Overview submission

(Environmental and Planning Assoc. 1982). -Fish habitat studies

undertaken in 1984 continued to use the reach separations identified
~

on these maps but expanded upon these earl ier biophysical data. A

combination of air photo analyses and descriptive information

collected during field studies have been incorporated into developing

the habitat assessments. The early formation of ice in the systems

during 1984 resulted in a greater emphasis on air photo interpreta-

tion and less field measurements than initially intended. Assessment

methods have been separated into those undertaken on tri buta ry
streams including Goathorn, Tenas and Hubert creeks, and those

undertaken on the lower Tel kwa Ri ver.

2.5.1 Tri butari es - Habitat Assessment

Gradient profiles for the main tributary streams were developed using

an HP 9225 A digitizing system. This system automatically calculates

1 ength and average slope of stream se~ments between contour interval s
and reach breaks. The slopes were derived from 1:50,000 scale

topographic maps for the Telkwa watershed and a 1:20,000 scale map

for Hubert Creek. Significant features such as reach breaks, fish
sample sites, and fish distribution (including potential) were

plotted on these profiles. Assessment of potential fish habitat was

deri ved from the known presence of fi sh in the reach, 1 ocat i on of
potential barriers and the slope measurements. As soon as the stream

slope steepened above 5-6%, the section was omitted as having

potenti a 1 for steel head trout reari ng.

~~
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Channel width measurements (including ponded areas) were derived from

1:15,000 scale air photos using a 10-power ocular lens containing a

scale graduated in 0.5 mm intervals. These measurements were used in

calculating wetted area of habitat in the main fish-producing strea~

sect ions for the 1 ate summer peri od (t he air photos were taken in

mid-August 1983).

Substrate measurements collected during the fish sampling program

over the past two years were summari zed for the stream reaches and

included in the habitat summaries. Substrate characteristics were

recorded as D50 and ,D90 estimates (i .e. the diameter of bed materi al

that is larger than 50% and 90% respectively of the remaining bed

material as defined in Chamberlin (1980)). Site specific ground

checking for potential spawning gravels in lower Hubert Creek was

undertaken in October, while previous field surveys (Bustard 1983)

had examined potential spawning sites in Goathorn and Tenas creeks.

Tel kwa Ri ver - Habitat Assessment

The Tel kwa Ri ver downstream of Goathorn Creek was del ineated into

main and side channels and wetland habitats on 1:15,000 scale air

photos. Side channels were further categorized into active, flood
and relic channels based on their source and duration of flow and

channel stability. These channel types will be described in more

detail in Section 3.3.1. Main channel length was derived from

digitized measurements on a 1:50,000 scale topographic map. Side

channels and wetland lengths were measured using a map wheel. Widths

of all channels werè derived from air photos using an ocular lens as

descri bed for tri butary streams. Wetted areas were cal cul ated for

the main channel and each of the 79 side channels and 4 wetlands

identified on the air photos. A map was prepared identifying each

channel with a reference number corresponding to the habitat descrip-

tion.

Substrate descriptions of main and side channel areas were based on

field measurements taken at fish sample sites during the past two ~~
years as described in the previous section on tributaries. ~~

~
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2.6 JUVENILE FISH STUDIES

Twenty-one detailed juvenile fish sample sites were evaluated in

Goathorn and Tenas creeks and in the lower Telkwa River (Figure 2.1).

This total includes 18 sites sampled during previous surveys in 1983,

two new sites in upper Goathorn Creek and one additional site in

Tenas Creek. As well six wetland areas in the lower Telkwa River and

on the Bulkley River were sampled.

Fish sample sites were selected as representative of the reach

characteristics outlined on the Aquatic Biophysical Maps for the

Telkwa Watershed (93 LII). The 1984 fish sample sites were located

in the same location as the previous year's sites, while the three

new sites were added to provide better estimates of fish production

for the upper sections of Goathorn and Tenas creeks. At tributary

and side channel sites sampled previously, the lower stop net was

located at a point pre-determined by last year's benchmark and the

length of the site was measured upstream to coincide with the same

channel length as sampled in 1983. Sample site area varied between

the years dependi ng on the di scharge on the part i cul ar sample date.
Mainstem Telkwa River sites were not as closely duplicated between

the two years since only a portion of the total channel width was

sampled.

Tributary sample sites ranging from 25 to 95 m in length, were

blocked with stopnets at thei r upstream and downstream ends, and

sampled using an electroshocker. The modified Peterson mark-and-

recapture method (Ricker 1975) was used to estimate populations for

the sample si.tes. A caudal fin clip was used to mark fish and the

recapture was conducted several hours after the marked fish were

released. Side channel sites in the Telkwa River were similarly

sampl ed.

Main channel sites in the Telkwa River were enclosed with a 30 m

seine net held in place by rebar positioned two hours prior to

sampling. A two-step removal method (Seber and LeCren 1967) was ~,
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used to estimate populations, since fish numbers in the small

enclosed area were too low to use the mark-and-recapture method.

Main channel sites extended to the edge of the fast water encom-

passing the habitat estimated to be used by juvenile fish. A crew

sampled up and back through each site to constitute a single pass.

The two-step removal method was also used at four upper tributary

sites (G6, G7, T3 and T4) due to time limitations imposed by

hel icopter access and in one side channel site (SC3) due to the small
sample area involved. Formulas used in calculating the population

estimates and standard error are presented in Appendix 2.

Sample site areas were calculated from measurements of length and a

series of width measurements made at 5 to 10 m intervals along the

sample site. As well, water depths (maximum and mean), subtrate and

cover characteristics were recorded at each cross section. Substrate

characteristics were recorded as D50 and D90 estimates. All fish

captured were anaesthetized with 2-phenoxyethano 1, measured to the

nearest mi 11 imeter and returned to the stream at the end of the

sampling. Weights were determined for 142 steelhead trout, 47 Dolly

Varden char and 14 mountain whitefish, and the results were used to

determi ne bi omass estimates for each site usi ng regressi on ana lyses.

Length-age characteristics derived from 1983 scale data were used in

the separation of age 1+ and older steel head trout parr.

Wetland areas were sampled for fish presence using minnow traps

baited with roe and set over a 24-hour period. A total of 45 traps

were set in the six areas. All fish captured were identified to

speci es measured to the nearest mi 11 imeter and returned to the

system.

2.7 ADULT FISH SURVEYS

Two helicopter exåminations of adult coho salmon spawning were

conducted in the Telkwa River during November. A complete survey

between the Tel kwa-Bul kley confl uence and the Tel kwa headwaters was

undertaken on November 14, whi 1 e the second survey concentrated ~~
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on the main spawning areas upstream of Jonas Creek. The helicopter

flew at low speeds approximately 50 m above the river and two

observers recorded numbers and 1 ocat i on of coho sa 1 mon spawners and
redds. These observations were located on a 1:100,000 scale

topographic map similar to 1982 observations (Bustard 1983).

2.8 METAL CONCENTRATIONS IN FISH TISSUE

Ten 20 9 samples of steelhead trout and Dolly Varden char were

retained for tissue analysis of metals at sites G2 and G5

respectively. Each fish sample was measured, weighed and placed in

separate plastic bags. The samples were frozen and shipped air

frei ght to ASL Laboratori es for ana lyses.

Samples of muscle tissue were digested in nitric and perchloric acid.

Cadmium and lead concentrations were analyzed using atomic absorption

spectrophotometry (AAS) equipped with a graphite furnace atomizer.

Arsenic was determined using AAS equipped with a hydride generator.

Zinc, copper, iron, aluminum and an additional 17 elements were

determined simultaneously using a Inductively Coupled Argon Plasma

Spectrograph.

~~
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3. RESULTS AND DISCUSSION

PER I PHYTON STUD I ES

Taxonomy

Diatoms comprised 100% of total sample volume at both sites (Table

3.1). The same genera were present at most sites and their relative

proportions were very similar. The mean percentage composition by

vol ume of Fragi 1 ari a spp., Synedra spp. and Gomphonema spp. was 20,
20 and 10% respectively. Since these diatoms are often found in
slightly enriched conditions they are considered indicative of

moderate stream nutrient d~ficiency. However their chloroplast

structure was degradi ng, suggesting that conditions were becomi ng

less favourable at the time of sampling (October 17) and that they

were the early substratum colonizers. The presence of the two

larger-celled species, Hannaea arcus and Diatoma tenue suggest

temperatures were shifting lower and/or nutrient deficiency was

increasing. These species are also better adapted to cool water

((5°C) with high current velocities. Achnanthes spp. comprised 6-8%

of sample volume. This wide ranging species is not indicative of

specific physical or chemical stream conditions.

Macronut ri ent Chemi st ry

Small differences in the chemical characteristics of the water occur

between the study sites (Table 3.2). Conductivity and total

dissolved solids (TDS) were slightly greater at G2 than at G5 but the

buffering capacity, as inferred from alkalinity measurements, was

moderate at both sites. Concentrations of each of these parameters

increased by 5-10% from the September to October samp1 i ng dates.
Dissolved phosphorous levels were higher at site G5 than at G2.

Levels of orthorphosphate (soluble reactive phosphate (SRP)) and

tota 1 di sso 1 ved phosphorus (TDP) were undetectable at G2 although TDP

did increase to 0.006 mg/L in October. At G5, SRP (the best avail-

able measure of biologically available phosphorus) increased from ~~~
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Table 3.2 Chemical Characteristics of Goathorn Creek During Periphyton Studies at SitesG2 and GSl

Date
Samp 12 Conducti vi ty
Site (umhos/cm) TDP N:P3

Bi carbonate
AlkalinitySi 0 TDS N03 NH3 SRP

September /84. G5 105 3.00 79 44.6 -(0.01 -( . 0 10 o . 003 o . 003 -(6.7
G2 119 3.05 85 :. 49.1 -(0.01 ,0.011 -(0.001 -(0.001 U4

October /84 G5 110 3.50 87 53.0 -(0.01 0.011 o . 008 0.025 -(2.6
G2 113 3.42 94 54.3 -(0 . 01 0.022 -(0.001 0.006 -(5 . 3

1 All uni ts in mg/L unless otherwi se speci fi ed

2 Water quality data is from CNRL sample stations TH-04 and TH-10. These stations correspond to sites G2 and

G5 respecti vely.

3 Ratio based on N as NÙ3 and P as orthophosphate. When orthophosphate was undetectable total di sso 1 ved
phosphorous (TDP) was used.

4 Data inadequate to determine ratio-undefined.

~~~
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0.003 mg/L in September to 0.008 mg/L in October while TOP increased

to 0.025 mg/L. Although the SRP levels at G2 are clearly in the

range of potentially P-limited surface waters, those at G5 may

reflect biologically surplus phosphorus. For example, levels of

0.002 to 0.005 mg/L SRP in the lower Thompson River have contributed

to problem algal growths and levels of 0.005 - 0.010 mg/L in a

coastal stream would be considered an enrichment level based on

stream fertilization studies (Perrin et ale 1984).

Ni trate, usually the domi nant di ssol ved i norgani c nitrogen form in

turbulent streams, was below detection levels at both sites.

However, ammonia concentrations were slightly greater than detectable

limits; a surprising result that is the reverse/of what is corron1y

observed. Regardless of this possible discrepen~cy, N03 and NH3

have been added together for N:P estimates and show values less than

6.7 in all cases. Such low val ues for supply N~P are known to resul t

in potentially N-limited algal growth conditionsl(Goldman et ale

1979). Si02 concentrations found at the sites should not limit
growth rates of diatoms (Kilham 1975).

'/

Periphyton Nitrogen and Phosphorus Composition

An optimum N:P has been defined as the ratio at which one nutrient

1 imitation switches to the other and has experimentally been shown to

be ~7 for several algal species (Rhee and Gotham 1980). In Goathorn

Creek, replicate N:P values were substantially les~ than 17 (Table

3.3) suggesting extreme nitrogen deficiency at both sites.

Bothwell (1984) has fitted N:P ratio data collected from the field to

curves that describe the relation of cellular constituent N:P to

relative specific growth rates (i.e.,~ ;~max from Goldman et al.

1979). Growth rate (~) expressed as a proportion of maxim4m growth

rate attained under nutrient sufficient conditions (~max) reduces the

influence of physical variation (i.e. light and temperature) when

comparisons are made between measurement sites or dates. Thus, by

comparing N:P data to the Goldman et al. (1979) curves, specific ~~~ if



Table 3.3 Nitrogen and Phosphorus Composition of Periphyton at Goathorn Creek Sites G2 and G5 Collected on
October 17, 1984

Site

Organi c

Nitrogen
(mg N/m2)

N: P

atom; c

Organi c

Phosph01us
(mg P/m )

N:P
(wt/wt)

G2 1,319 395 3.34 7.39

G2 936 220 4.25 9.42

G5 891 179 4.98 11 .02

G5 658 236 2.79 6. 17

~~~
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growth rates as a proportion of ~max can be determined. Val ues near

1 suggest the algal community is growing at a rate near the maximum

set by temperature and light conditions.

In Goathorn Creek ~:~max values ranged from about 0.40 to 0.75 and

between site differences were not apparent (Figure 3.1). The pooled

mean using all N:P data was about 0.60. This analysis suggests that

peri phyton growth was 40% 1 ess than the maximum set by temperature

and light. Since the Goldman et ale (1979) data in Figure 3.1 was

determined from N-1imited cultures, this conclusion also implies that

periphyton growth in .Goathorn Creek was controlled by the availabil-

ity of nitrogen.

Periphyton rates (k) measured from the in situ plates
are the net effec of passive settlement, growth, sloughing, and

insect grazing. Af inity values in Table 3.4 show that passive

settlement contribute 14 and 46% of maximum biomass at sites G2 and

GS respectively. This ssumes that the first 7 days of incubation
were primarily a co1oniza ion phase. The results indicate that

passive settlement contribu ed significantly to accumulation and that

the affi nity at G5 was more t an four times greater than that at G2.

There is no obvious explanation for this difference. Although higher

SRP values at G5 may have contrib ed to a slightly greater primary

production and therefore a higher c centration of cells in suspen-

sion, Table 3.2 through 3.4 suggest n rogen is primarily limiting.

Since the periphyton taxonomy was very "milar between sites the

community at G5 was not morphologically m e suited to adhere to the

substratum than at G2.

Although passive settlement was lower at G2, sp ific accumulation

rates (k) were three times greater at G2 than at (Table 3.4).

However , all Goathorn Creek k va 1 ues were nea r the west va 1 ues

reported for extreme nutrient deficient growth in B.C. streams. The

Thompson Ri ver (north and south reaches) and Keogh Ri ve Vancouver ~~

~
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The periphyton accumulation rates (k) measured in t~is study are the
net effect of passive sett lement, growth, sloughing, and insect
graz ing. Affinity val ues in Table 3.4 suggest that passive sett lement
contributed 14 and 52% of maximum biomass at sites 82 and 85
respect ively. These est imates assume that the first 7 days of
incubation were pt~imariiy a colonization phase. The results indicate
that passive settlement contributeed significantly to accumulation and
that the affinity at 85 was more than four times greater than that at
82. Although higher SRP values at 85 may have contributed to a
slightly greater primary production and therefore a high~r
concentrat ion of eel Is ~n suspension, Tables 3.2 and 3.3 suggest
nitrogen is primari ly limit ing. Since the taxonomy was very similar
between the sites the community at 85 was not morphological lymore
suited to adhere to the substratum than at 82. Site physical
charactet~istics such as water velocity could not be controlled and the
affinity differences may reflect small differences in site conditions
changing the ability of the styrfoam surface to capture drifting
pat~t icles.

Although passive sett lement was lower at 82, specificaccumulat ion
rates (k) were three times greater at 82 than at 85 (Table 3.4).
Again, comparisons between these sites should be viewed with caut ion.
Different rates of sloughing (detachment of algal biomass) may have
occurred, part icularly during rising streamflows in the second week of
incubat ion. Simi larly, insect grazing on the plates may have been
di fferent at the two sites, although few insects were observed. For
these reasons, differences in biomass cannot be attributed to a single
factor regulat ing periphyton accumulat ion, and site variabi 1 ity as
wel i as nitrogen defeciency are probably important factors regulat ing
peri phyton biomass in 8o~thorn Creek.

The accumulation rates measured in 80athorn Ct~eek are some of the
lowest values reported for nutrient-deficient streams in Brit ish
Columbia. Est imates of k determined in the Thompson River (north and
south reaches) and the Keogh River, Van~ouver !sl-and~ bóth phosphorus
deficient systems, t~al"ige ft~cim .03 tCI .21 d-\. Biomass levels il"i
Goathorn Creek are approximately 5 mg chlã/m~ greater than levels
measured in the riffles of the Keogh River for a 30-day September
incubat ion. Unfortunately further comparisons are difficult since
different sampling techniques and site conditions in other rivers
confound interpretations of biomass differences or nutrient-limited
accrual. For example, styrofoam has only been used consistently as an
artificial substratum in the Thompson and Keogh rivers. Although the
Keogh River measurements are comparable, the Thompson River studies
were conducted in flow-through troughs that maintained lower current
velocities and higher light conditions than at the 8oathorn site,
leading to higher estimates than would be expected on in situ
substrata as used in the 8oathorn Creek study.
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Table 3.4 Periphyton Accumulation Rates and Settlement Affinity Values at Goathorn Creek Sites G2 and G5,l

Site
Sett 1 ement Affi ni ty2

(mg chl a'm-2)

Specifi c Net

Accumu 1 at ion

Rate (k) + SE

(d-l )-

Bi omass 2
(mg chl aIm )

3
DIV.d-l

(k/0.693)

G2 0.06+0.010 20.70.092.97

G5 0.02+0.004 28.212.97 0.03

1 Values are based on semi-ln transformed linear regression models. See Appendix 3 for raw data.
//)

2 Affinity dl:jVare ln values transformed back to original units.

3 For Jíutposes of comparing growth constants to other literature values, k is expressed as divisions per day

(Gu;:ll~rd 1973).
''-/
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Is land have di v: d-r~ a-ngiifg
1983: Perrin et ale 1 84).

caution, since samples ere

each system.

(

from 0.04 to 0.30 (Bothwell and Jasper?' t'-"":"\-:-::,
\ l,o__ 'OJ ,- ',- ~ i ~_:..~_,

These compari sons must be vi ewed wi th

collected under different conditions in

High rates of sloughing may ave occurred due to rising streamflows

during the incubation period. Current velocities exceeding 50-60

cm/s coul d rest ri ct bi omass acc a 1 and may account for some of the
differences between the sites and ystems outlined above. Since

large numbers of insects were not 0 served on the plates, insect

grazi ng was probably ~ot an important factor affecti ng accumul at ion

rates. In conclusion, physical factors and nitrogen deficiency may

have both been important in regulating th slow periphyton accumula-

t i on rates measured in Goathorn Creek.

BENTHIC INVERTEBRATE STUDIES

Results

The results outlining the numbers of benthic invertebrates sampled at

11 sites during 1984 are presented in Table 3.5. Additional detailed

information for each site is presented in Appendix 4. As well, some

of the 1983 results are included in this section to enable easier

comparisons between years while more detailed 1983 information is

provided in Bustard (1984a).

The number of benthic invertebrates per m2 ranged from just over

300 at several sites in the mid-section of Goathorn Creek and in SCI

a side channel site on the Telkwa River to over 11,000 in a sample in

lower Goathorn Creek (Table 3.5). The greatest abundance of benthic

invertebrates occurred at site GI with an average of nearly 7,000

organisms per m2 from the six samples at this site. Sample. sites

in upper Goathor~ ,'and Tenas creeks tended to have hi gher benthi c
; nvertebrate numbers than downstream sites (excl ud; ng GI), and site

SC2 of the Telkwa River had higher numbers of benthic invertebratethan site SCI. ~~
~ tf



Table 3.5 ,~IIIIIIII..' y .sf Benthi c Invertebrates per m2 and Number of Taxa per Sample Co 11 ected at Eleven Sample
Si tes in Goathorn and Tenas Creeks and the Tel kwa Ri ver in September 1984

TOTAL NUMBER

Goathorn Creek Tenas Creek Te1kwa River

Rep 1 i cate 1 G1 G2 G3 G3A2 G4 G5 G5A2 T1 T2 SC1 SC2

1 7 , 165 458 656 375 740 1 ,896 271 2,615 2,260 625 2,250
2 9,063 792 1 , 688 552 1 , 083 1 , 344 1 ,448 990 729 614 1 ,969
3 11 ,052 802 2 , 886 760 1 ,354 1 ,021 1 , 135 427 802 333 1 ,854
4 5, 584 . 1 ,073 542 625 1,313 1 , 542 1 ,656 729 1,781 479 2,115
5 1,438 771 427 323 1 ,354 1 ,792 1,594 1 , 188 3,177 448 2,708
6 7 , 240 438 313 427 .552 1,635 1 ~ 750 813 1 ,354 573 2,115

Mean 6,922 722 1 ,085 510 1 ,066 1 ,538 1 ,309 1, 127 1 , 684 512 2, 169

S03 1 ,337 98 413 68 141 130 225 315 382 46 121

TOT AL TAXA

1 11 11 14 9 18 20 10 19 14 11 18
2 12 17 16 19 22 18 19 18 14 11 19
3 13 13 19 17 17 14 15 14 16 12 17
4 11 20 14 16 20 19 15 17 16 15 19
5 11 15 13 12 15 20 16 21 16 12 16

6 14 14 9 15 16 21 15 15 17 16 19

Mean 12.0 15.0 14.2 14.7 18.0 18.7 15.0 17 .3 15.5 12.8 18.0

SO 0.5 1.3 1.4 1.5 1. 1 1.0 1.2 1. 1 0.5 0.9 0.5 .r\
1

IvJ i
s amp 1 e (Appendix 4) have been corrected by a factor (10.417) to allow them to

; !.
~ The numbers co 11 ect2d for each

( ¡ i~ be expressed on a m basi s. ~ ,I
~~se sites were not sampled in 1983. ~'/l ./
3 s~efers to the standard devi ati on of the mean.

.'
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Overall numbers of benthic invertebrates sampled in 1984 were lower

than obtained from the same sites in 1983 as shown in Figure 3.2 and

in the summary table below. Site Gl on Goathorn Creek has been

excluded from the summary table for reasons that will be discussed.

.-'
c _.,1J....

Table 3.6 Mean Number of Invertebrates/m2
to

Goathorn Creek Tenas Creek Te 1 kwa Ri ver Mean

(G2,G3,G4,G5) (11,T2) (SC1, SC2)

1983 1,542 2,586 1,705 1, 944

1984 1 , 1 02 1 ,406 1 ,340 1 ,283

The lower numbers in 1984 may reflect the years cool and rainy

summer. A combination of cooler water temperatures and higher
streamflows than during the latter part of the 1983 summer may have

resulted in a slower development rate of benthic invertebrates

populations. The 1984 samples contained more invertebrates approach-

i ng the hatchi ng stage, whi 1 e in 1983, many of these insect shad
hatched and the early instar stages of the next generation were

already present. This resulted in higher numbers of smaller individ-

uals in the 1983 sample and could account for the lower numbers

present in this year's samples. As shown in the table below, the

1984 streamflows are more typical of the long-term mean than the 1983

Goathorn Creek flows.

Tab 1 e 3.7 Mean Monthly Flows (m3/sec) Goathorn Creek

1960-841

1983

1 984 1

July
. 3.47

3.46

3.20

August

1.89
1.26

1.79

September

1.28
0.88
0.95

October

1.53
0.59
1.69

Source: Environment Canada (1983)

1prel 1mi nary Data

~~~
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Although site GI had by far the greatest invertebrate numbers, this

was almost entirely the result of the presence of large numbers of

chi ronomi d 1 arvae (nearly 6,600/m2 compared to 700/m2 in 1983).
Mayflies were virtually absent from this site in 1984, and although

some stonef1 i es were present, they were mai nly from the genus Capni a

which prey upon chironomid larvae. It is probable that this shift in

numbers and composition reflects a large beaver dam located iso m

upstream that diverts water into other channel s (particularly during

high flows). As a result, sediments have accumulated in the

substrate at Gl leading to conditions more suited for chironomids.

Hynes (1972) reports a simi 1 ar shi ft in the community structure of

invertebrates due to beaver activity in an Ontario stream. Although

there are no obvi ous reasons for thi s pattern, small di fferences in

site characteri st i cs probably account for these hi gher chi ronomi d

levels.

5i tes G3A and GSA were added to the samp 1 i ng program in 1984 to
intensify the sampling in the area downstream of the existing mine

site on Goathorn Creek where numbers were low in 1983, and upstream

of thi s site where numbers were hi gh. Benthi c invertebrate numbers

were low at the new site G3A but relatively higher at G3 in 1984

compared to 1983 (Fi gure 3.2). Samp1 es withi n thi slatter site were

more variable than any site other than G1 (Table 3.S). This may be

at least partially a result of locating two of the samples in a side

channel of Goathorn Creek at this location. Results at site GSA were

quite similar to site GS and re-affirms the trends for higher numbers

of benthic invertebrates in upper Goathorn Creek than at sites lower

in the system (excluding G1).

Numbers of invertebrates at site SC2 have been at least twice those

at SCI during both years of sampling (Figure 3.2). SC1 is located in

a short flood channel of the Tel kwa Ri ver that is more exp~sed to the

direct influence .of flow fluctuations (including possible dewatering

during the late winter low flow period) and higher turbidity than

SC2. This latter site is located at the lower end of a side channel

buffered from the mainstem river flows by debris accumulations at its ~~,
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- .
upper end. Ward et ale (1979) found that side channel s buffered from

high turbidity and flow extremes such as SC2 tend to have more

productive invertebrate communities than exposed sites such as SCi.

Taxa numbers per sample ranged from a low of 9 at intermediate sites

in Goathorn Creek to a high of 22 in a samPle taken just upstream of

the existing mine site in Goathorn Creek (Table 3.5). The means for

the sample sites ranged from 12 to 19 at all sites. Site GI on

Goathorn Creek and SCI of the Telkwa River had the lowest diversity

of taxa while sites in upper Goathorn Creek and in SC2 of the Telkwa

River had the highest diversity.

The mean number of taxa per sample was generally similar in 1984

compared to 1983 although taxa numbers were slightly lower in Tenas

Creek and higher in the Telkwa River side channels as shown below.

..i .~

~~....
Table 3.8t Mean Number of Invertebrate Taxa/Sample

Goathorn Creek Tenas Creek Tel kwa Ri ver Mean

1983 15.6 18.2 12.0 15.3
1984 15.6 16.4 15.4 15.8

Taxa numbers at site GI decreased from approximately 18 to 12 and

taxa numbers at SC2 increased from 12 to 18. SC2 was the only site

sampled that demonstrated a marked increase in numbers (34% increase)

and species diversity from 1983 to 1984.

Table 3.9 summarizes the composition of the benthic invertebrate

communities at the 11 sample sites. Most samples were comprised

largely of individuals from the orders Ephemeroptera (mayflies) and

Plecoptera (stoneflies). These two orders comprised 80% or. more of
the benthic fauna at the Goathorn Creek sites upstream of GI and the

upper Tenas Creek site. In addition to the high numbers of Diptera

found at site GI on lower Goathorn Creek. site T1 on lower Tenas ~
Creek and site SCIon the lower Telkwa River had high proportions ~~



Table 3.9 Summary of Composition of Benthic Invertebrate Communities at Eleven Sa;'iì:)le Sites in Goathorn and
Tenas Creeks and the Telkwa River, September 1984

% Composition (Number)

Site 1 N Ephemeroptera PL ecoptera Tri choptera Oi ptera Other

Goathorn Creek

Gl 3.,987 0.4 ( 15) 2.4 ( 94) 0.2 ( ß) 96.8 (3,861) 0.2 ( 9)

G2 416 46.9 ( 195) 32.7 (136 ) 8.4 (35 ) 6.2 ( 26) 5.8 (24 )

G3 625 30.7 ( 192 ) 55. 1 (344) 4.8 (30) 5. 1 ( 32) 4.3 (27)
G3A 294 52.0 ( 153) 27.2 ( 80) 10.9 (32 ) 5.8 ( 17) 4.1 (12 )

G4 614 44.5 (273) 40.7 (250) 6.0 (37) 5.4 ( 33) 3.4 (21)
G5 886 50.2 ( 445 ) 34. 7 (307) 3.4 (30) 5.5 ( 49) 6.2 (55 )

G5A 754 36.7 ( 277) 46.7 (352) 5.6 (42 ) 7.3 ( 55) 3.7 ( 28)

Tenas Creek

Tl 649 28.4 ( 1 84 ) 16.9 (110) 6.5 (42) 45.1 ( 923) 3.1 (20 )

T2 970 53.8 (522 ) 32.9 (319) 8.5 (82) 3. 1 ( 30) 1. 7 (17 )

Te1kwa River

SCl 295 31.2 ( 92) 33.2 ( 98) 2.0 ( 6) 27.8 ( 82) 5.8 (17 )

SC2 1,249 27.2 ( 340 ) 45.3 (565 ) 9.5 (119) 17.5 ( 219) 0.5 ( 6)

1 Refer to Fi gùre 2.1
for specific site locations.

~~~
(f
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of Diptera (45% and 28% respectively). At most of the other sites

Diptera comprised less than 10% of the samples. Similarly,

Trichoptera (caddis-flies) were generally less than 10% of the

samp 1 es, whi 1 e other invertebrates (Hi rudi nea, 01 i gochaeta, Acari na,

Collembola, Hymenoptera, Homoptera, and Coleoptera) were of minor

importance to the overall benthic community, and usually comprised

less than 6% of the total numbers collected (Table 3.9).

The dominance of mayflies and stoneflies in most samples was similar

to that found in 1983 with several exceptions (Figure 3.2). Site G2

had a higher proportion of stoneflies and mayflies, reflecting a

decline in the number of chironomid larvae from 1983. Site TI had a

decline in stoneflies, largely a result of fewer organisms from the

genera Arcynopteryx and Nemoura (Appendi x 4). cadd~~~i es of the

genus Sericostoma, present at four sites in lower Goa-th¿rn and Tenas

,~reeks in 1983, were completely absent from all sample sites in

i 984.

The collection of adult specimens in drift samples resulted in the

identification of two genera of stoneflies which had been mis-

identified in the 1983 benthos samples (Bustard 1984a). Kathroperla

from 1983 has been identified as Capnia and Chloroperla has been

identified as Hastoperla in the 1984 samples.

The number of i nvertebrates/m2 estimates deri ved in the study area

are similar to estimates made in Foxy and Buck creeks, two nearby

tributaries of the Bulkley River (Bustard 1984b; Hallam and Kussat

1974). However, they'are considerably lower than those obtained in a

study of 25 coastal streams (Wasserman et al. 1984) where values

ranged from a low of 5,000 invertebrates/m2 to over 30,000

invertebrates/m2 in the more productive streams.

~~
~~
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3.3 DRIFT STUDIES

The results of the invertebrates drift sampling in 60athorn Creek are

summarized in Table 3.10. A more detailed breakdown of the samples

is presented in Appendi x 5.

Drift at site 65 was approximately 3 times as abundant as at site 62

(Table 3.10). The samples at 65 were taken one day earlier

(September 20) than at site 62. A significant hatch of adult

mayflies and stoneflies was in progress. These emerging adults have

been removed from the data presented in Table 3.10 to allow for a

less biased comparison. The greater abundance of aquatic drift at 65

compared to 62 is in agreement with the higher benthic invertebrate

numbers found at this upper site (Table 3.5).

The drift at the two sites was comprised of 83% aquatic and 17%

terrestrial invertebrates (Table 3.10). The day drift, which is more

available to feeding fish, was comprised of a higher proportion of

terrestrial invertebrates (27%) than the night drift (10%). These

samples were conducted during a period when large numbers of leaves

from streamside vegetation were falling into the stream, and this may

have increased the terrestrial input above levels occurring during

other peri ods of time.

A total of 29 taxa of aquatic invertebrates were present in the drift

(Appendix 5). The dominant order was Ephemeroptera (31%), followed

by Diptera (22%), Plecoptera (16%) and Trichoptera (11%). The

terrestrial drift was comprised of 18 taxa, mainly from the orders

Di ptera (45%) and Hymenoptera (31%).

Approximately 10 times as many adult mayflies and stoneflies were

captured at 65 compared to 62, one day later. Most (76%) of these

adults were captured in the daytime drift, so many of these emerging

insects were available to feeding fish. Most of the emerging insects

were mayflies, predominantly Baetis, Ephemerella, Rithrogena and Iron ~

~~



Table 3.10 Summary of Composition of Invertebrate Drift Samples Collected in Goathorn Creek, September 19841

Number of Organi sms

G22 G52 Total %

E phemeropter a Day 12 88 100 31.0Ni ght 19 145 164

PL ecoptera Day 2 45 47 16.0ni ght 23 66 89

Tri choptera Day 8 21 29 10.6Ni ght 6 55 61

Di ptera Day 30 58 88 22.0(Aquati c) Ni ght 46 53 99

Other Aquatic Day 2 0 2 3.1Invertebrates Ni ght 15 9 24

Total Aquatic Day 54 212 266 82.7Invertebrates Ni ght 109 328 437

Terrestrial Day 22 78 100 17.3Invertebrates Ni ght 10 37 47

TOT AL 195 655 850 1 00 . 0

1
Adult Ephemeroptera and Plecoptera have been excluded from the sample since a hatch occurring at G5 during
the sample pèriod strongly influenced the drift results. See Appendix 5 for a detailed breakdown of results.

2 Represents combined results from drift samplers located on each side of the stream.

~~~
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and the stonefly Hastaperla (Appendix 5). All of these insects were

common in the benthos except Ephemerella spinifera which occurred

infrequent ly in the benthos samples taken at G2 and G5. Mayfly and

stonefly nymph and caddi s-fly 1 arva dri ft occurred at ni ght and woul d

be less available to fish.

FISH STOMACH CONTENT STUDIES

Steel head Trout

Stomachs from a sample of 25 steelhead trout parr were taken at site

G2 on Goathorn Creek. The parr ranged in si ze from 67-125 mm fork

length (mean fork length of 93 mm) with an average weight of 12 g

(Appendi x 6). All stomachs contai ned at 1 east one organi sm, with an

average of 4.5 organisms per stomach. A summary of the composition

of the steel head parr stomachs is presented in Tabl e 3.10 whi 1 e the

detailed results for each fish are in Appendix 6.

Approximately 79% of the organisms were aquatic and 21% terrestrial

invertebrates (Table 3.11). This compares to the daytime drift at

thi s site whi ch was compri sed of 29% terrestri a 1 organi sms.

Ephemeroptera and Tri choptera were the most common insects in the

steel head trout parr stomachs.

Caddi s 1 arvae of the genus Glossosoma were present in 10 of the 25

stomachs exam1 ned. Th ~?: a rv a was not :ommon in e1 the r the d r1 ft or
the benthos samples t~~t this site,suggesting that steel head

trout parr were specificllly selecting ~ it over other organisms.

Mayflies wer~ also present in 10 of the 15 stomachs examined.

Important genera of mayflies included Baetis, Ephemerella, Rithrogena

and Iron in both the nymph and adul t stages. Adul ts from the fami ly

Cori xi dae (Heteroptera), common in the steel head trout parr' stomachs,
were present in the drift samples collected at night (Appendix 6).

x

~~
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Table 3.11 Percentage Composition, Based ~n~Numb~r)( of Specimens in the Guts\6 of the Food of Steel head

Trout Parr and Dolly Varden Cha'in Goatnprn)Creek, September 1984 ll'-/! \. / ,
% Composition (Number)

Steel head Trout (G2) Dolly Varden Char (G5)

Ephemeroptera 1 36.6 (41) 65.1 ( 136 )

PL ecoptera 6.2 ( 7) 12.0 ( 25)

Tri choptera 21.4 (24) 4.3 ( 9)
Di ptera 5.4 ( 6) 3.8 ( 8)

Heteroptera 8.1 ( 9) 0.0 ( 0)
Others 0.9 ( 1) 0.0 ( 0)

Total Aquati c Invertebrates 78.6 (88) 85.2 (178)
Immature 63.6 (56 ) 41.0 ( 73)
Adults 36.4 (32 ) 59.0 ( 1 05)

Terrestri al Invertebrates 21.4 (24) 14.8 ( 31)

Total Number of Invertebrates 112 209

Number of Fi sh Exami ned 25 25

See Appendi x 6 for more detai 1 ed i nformati on
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Di ptera compri sed approximately 5% of the number of organi sms present
in the steel head trout parr stomachs despite comprising nearly 40% of

the daytime drift at site G2. Chironomid larvae may provide an

adequate meal for fry but are generally too small to serve as a

suitabl e food item for steel head trout parr.

Dolly Varden Char

Stomachs from a sample of 25 Dolly Varden char were taken at site G5

on Goathorn Creek. The Dolly Varden char were larger than the
steel head trout sampled, ranging in length from 67 - 180 mm (mean

fork length of 116 mm) with an average weight of approximately 24

grams (Appendix 6). All of the stomachs had at least one food item,

with an average of 8.4 organisms per stomach. A maximum number of 37

invertebrates was found in Fi sh 10. A summary of the compos i t i on of
the Dolly Varden char stomach contents is presented in Table 3.11

whi 1 e the more detai 1 ed resul ts for each fi sh are in Appendi x 6.

Approximately 85% of the organisms were aquatic and 15% terrestrial

invertebrates (Table 3.11). The daytime drift at site G5 was 27%

terrestrial (Table 3.10), suggesting that Dolly Varden char may have

been selecting for aquatic organisms. Ephemeroptera were by far the

domi nant order of invertebrates and compri sed 65% of the number of

organi sms found in the stomachs. Pl ecoptera (12%), Tri choptera (4%)
and Di ptera (4%) all const i tuted a much small er percentage of the
stomach contents. Adult mayflies, particularly of the genera Baetis

and Rithrogena were found in 12 of the 25 stomachs examined,

indicating that the Dolly Varden char were taking advantage of the

hatch occurring at this site during the sample period. These genera

were also very common in the daytime drift samples at this site

(Appendix 5). Three genera of stoneflies, Nemoura, Arcynopteryx and

Hastaperla, common in the drift samples, were also present' to a

1 imited extent i'n the stomach contents.

Although Diptera were common in the daytime drift (24%), they

comprised a minor portion (4%) of the stomach contents of the

Varden char sampled at G5.

Dol1y ~~

~
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3.5 POLLUTION TOLERANCE OF AQUATIC INVERTEBRATES

Table 3.12 presents an index of the tolerance of the various aquatic

invertebrate taxa found in the benthos and drift samples in this

study. The tolerance values are derived from the taxon1s tolerance

to sediment, alkalinity and sulphate and provides a measure of

species tolerance to changes in water quality (Winget and Mangum

1979). Val ues range from 2 to greater than 100 with the 1 arger

values indicating greater tolerance. In general, members of the

orders Ephemeroptera and PL ecoptera are 1 ess tolerant than Di ptera

although there are exceptions. For example the genera Philorus and

Deuterophlebia are very intolerant Diptera which generally do not

live in degraded water conditions, while the mayfly Baetis is

generally quite tolerant.

. .

Organisms of the genus Deuterophlebia, along with the mayfly

Ephemerella doddsi, another very intolerant invertebrate, are present

withi n most of the sample sites in Goathorn Creek and shoul d serve as

good indicators of water quality conditions in this stream in future

years. The change in conditions at site G1 during 1984 (largely due

to an increase in fine sediments) was reflected in a decline in

mayflies (Ephemerella doddsi were not present in 1984) and the more

sensitive stoneflies and caddis-flies with an increase in the very

tolerant chironomid larvae.

The Biotic Condition Index (Winget and Mangum 19791 incorporates the

stream habitat (gradient and substrate composition), water quality

(alkalinity and sulphate), and environmental tolerances of aquatic

invertebrates (Table 3.12). It is a function of the Predicted

Community Tolerance Quotient (CTQp) divided by the Actual Community

Tolerance Quotient (CTQa) calculated as follows.

BCI = ~ x 100
CTQa

~~



Table 3.12 Tolerance Quotients of Aquatic Invertebrates Present in the Study Area
Based Upon Tolerance to Alkalinity, Sulphate and Sedimentation

Insecta Tolerance Quot i ents

72
48

4
24
21
21
21

sp. 24
24
48
48
24
24
24
32

108
108

6
54
24
18
24

108
108
108
108
108
108
108
108
108
108

2
108

36
24
24

4
72
72
72

108
108
108
108

lf~
108
108
108 ~-

Ephemeroptera Baeti dae: Baeti s sp.
Siph10nuridae: Ame1etus sp.
Ephemere11idae: Ephemere11a doddsi

E. spi nifera
Heptageni i dae: Ri throgena sp.

Iron sp.
"Cgmu1 a sp.

Leptoph1 ebi i dae: Para i eptoph1 ebi a
P1ecoptera Per10didae: Diura sp.

TSnus sp.
Arcynopteryx sp.

Ch10roper1idae: Hastaper1a sp.
Nemouri dae: Nemoura sp. 1

Nemoura sp. 2
Capni i dae: Capni a sp.

Trichoptera Psychomyiidae: Tinodes sp. larva
Ti nodes sp. pupa

Hydropsychi dae: Parapsyche sp.
Leptoceri d ae: Leptoce 11 asp.
Brachycentri dae: Brachycentrus sp.
Rhycacophi 1 i dae: Rhyacophil a sp.
G10ssosomatidae: Glossosoma sp.

Di ptera Chi ronomi dae 1 arva

Chi ronomi dae pupa
Chironomidae adult
Simu1iidae larva
Simul i i dae pupa
Simu1iidae adult
Empi di dae 1 arva
Empi di dae pupa
Ephydri dae: Ephydra sp. 1 arva

Ephydra sp. pupa
B1 ephari ceri dae: Phi 10rus sp.

Ceratopogoni dae: Culi co; déS sp.
Tipu1idae: Tipu1a sp.

Antocha sp.
Rhagionidae: Atherix sp.
Deuteroph 1 ebi , dae: Deuteroph 1 ebi a sp.

Co 1 eoptera Hydrophi 1 i dae

Psepheni dae
Dyti scidae

Heteroptera Cori xi dae
Collembola Sminthuridae

Poduri dae
Hi rudi nea
01 i gochaeta
Acari na
Sphaeri dae

Sniirrp' Wi nnøt ;:n.4 M;:nniiin (1 Q7Q \
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The CTQp is a function of stream habitat and water quality parameters

while CTQa is calculated by multiplying the assigned value for each

taxon by the number of i ndi vi dua 1 s of that taxon that were found,
The products are summed and divided by the total number of individ-

uals collected.

This index provides a means of comparing .stream condition from year

to year based on the composition and abundance of invertebrates. It

eval uates community structure and makes use of the indicator species

concept without placing undue emphasis on species that do not appear

in significant numbers. Values close to or above 100 generally

reflect a healthy stream environment with an invertebrate population

comprised of arlarge proportion of the less tolerant organisms (Table

3.13). In situXations such as at site G1 where much of the community

is comprised of tolerant chironomids, the BCI is lower. In 1984, the

calculated BCI for site GI was 47 (73 in 1983) compared to all other

Goathorn Creek sites which exceed 100 (Table 3.13). The Biotic

Condition Index can serve as a means for detecting shifts in the

aquat i c invertebrate community towards more tolerant speci es, a
situation which would tend to occur if water quality was degraded in

Goathorn Creek as a result of the proposed mine development.

'..../
"-"

3.6 FISH HABITAT STUDIES

Low nutrient levels resulting in limitations to fish food production,

and cold water temperatures restricting fish growth to a relatively

short peri od each year both have an important i nfl uence on fi sh
production in streams within the study area. As well, the physical

characteristics of the various study streams playa major role in

determining. the eventual fish production in these systems. This

,/.s~ct ion descri bes the aquat i c habitats of Goathorn, Tenas and Hubert
(~c:\r~eks, and the Telkwa River downstream of Goathorn Creek and
"--dggests how these habitats may influence fish distribution and

production.

x.' ,

. I

)
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Table 3.13 Biotic Condition Indices (BCI) for Benthic Invertebrate Sample Sites in Goathorn and Tenas Creeks
and Telkwa River Side Channels

CTQp 1 eTQi
(1984 )

CTQa

(1983 )

Bei

( 1984 )

Bei

( 1983 )Site

Gl 50 105.4 68.5 47 73

G2 50 40.7 71. 1 123 70

G3 50 34.5 45.4 145 110

G3A 50 39.5 NE3 127 NE3

G4 50 36.2 42.6 138 117

G5 50 42.3 43.6 118 115

G5A 50 44.3 NE3 113 NE3

Tl 50 69.4 54.5 72 92

T2 50 41.5 52.5 120 95

SCl 53 54.4 45. 1 97 118

SC2 53 42.0 40.2 126 132

1 CTQp - Predicted Community Tolerance Quotient

2 CTQa - Actua) Community Tolerance Quotient

r "\3 These sites were not evaluated in
1983 l\J 1

¡ f :~ / ~ If, i
I vv l~~ l7?:
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The habitat information derived in this study, in conjunction with

experi ence gai ned from other adjacent systems is used to i dent i fy
probable limitations within the systems to fish production, and

provides the background for identifying methods of increasing fish

product i on wi thi n these systems to be di scussed in a subsequent
sect ion.

Goathorn Creek Habitat Assessment

Goathorn Creek, approximately 15 km in length, has been separated

into five reaches (Figure 3.3). Fish are present in the lower two

reaches (10 km) and are suspected to occur in Reach 3 (2 km).

Waterfalls located in a canyon area approximately 13 km upstream are

the probable upper extent of fish use. In addition Cabinet Creek, a

major tributary of Goathorn Creek, provides another 9.5 km of habitat

suitable for fish use (Figure 3.3). Presently, at least lower

Cabinet Creek is utilized by Dolly Varden char. Sites upstream of

Reach 3 in Goathorn Creek and above Tri butary 1 on Cabi net Creek are
generally high gradient and provide poor quality fish habitat. A

summary of existing fish use in the system is outlined in Figure

3.3.

Much of the lower 10 km of Goathorn Creek is characteri zed by cobble
and small boulder bed material generally in the 10 - 30 cm size

range. This substrate is clean and ideal for use by larger juvenile
fish for cover. The stream lacks shallow, low velocity habitat

su i tab 1 e for newl y-emergi ng fry.

Goathorn Creek parti cul arly Reach 2, also 1 acks suitable spawni ng

sites for fish. Ground reconnaissance in 1982 (Bustard 1983)

indicated less than 1% of the lowest reach in Goathorn Creek offered

suitable spawning gravels, while upstream spawning sites were even

less common, usually restricted to a few sites in side channels or

the tail end of pools. Reach I, with a 2-3% gradient offers marginal

spawning opportunities for pink salmon. This species prefers low

gradient streams with small but more stabl e substrate than present i n ~~

~



GOATHORN CREEK

REACH SLOPE LENGTH WIDTH AREA D50 D90 SIDE

C.i.) (m) (m) 1m2) (cm) Ccm)
CHANNEL
LENGTH(m)

R1 2.8 1140 9.3 10602 11 28 684

R2 2.5 9130 8.1 73 953 11 26 2625

R3 2.2 2090 3.6 1254 - - -
R4 5.6 4340 - - - - -
R5 1.3 2330 - - - - -

ST~
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R2 R4
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z
g 1000

~
uu..
W

800

CABINET CREEK

REACH SLOPE LENGTH WIDTH AREA D50 D90
1.1.) 1m) (m) 1m2) (cm) Icm)

R1 4.7 3360 10.6 35616 8 17

R2 7.8 3230 - - - -
R3 13.7 2000 - - - -
R4 9.0 1180 - - - -

.........
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GOATHORN CREEK CABINET
CREEK
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DISTANCE (km)

CABINET CR TRIS.1

REACH SLOPE LENGTH
('1.) (m)

R1 6.0 1680

R2 3.4 4530

R3 24.9 1720

............... .

CABINET
CREEK TRIB.1

o 2 4 6
01 STANCE (km)
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STREAM PROFILES AND FISH HABITAT SUMMARIES
OF GOATHORN CREEK AND TRIBUTARIES

LEGEND

EXISTING...~i:tJ
FISH USE

HIGH (:.i.s g/m2)
MODERATE
(0.5 totsg/m2)
LOW C(;o.Sg,m2)
SUSPECTED FISH USE

__ AREA OF POTENTIAL
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OF JUVENILE STEELHEAD
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D
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lower Goathorn Creek. A large beaver dam located 0.6 km upstream on

Goathorn Creek restricts pink salmon access to areas upstream and

would probably limit coho salmon access during most years.

Goathorn Creek downstream of Cabinet Creek is of sufficient width and

energy to maintain a continuous profile (Figures 3.4 and 3.5).

Debris is generally deposited on the sides. of the stream in small

accumulations that have little influence on the stream morphology.

The flow regime of Goathorn Creek strongly i nfl uences the amount of
habitat and its suitability for use by different fish species. High

flows typically occur from late April through July as a result of

snowmelt. The high flows enable steel head trout that overwinter in

the Bulkley and Telkwa rivers to move into tributaries to spawn in

May and June. These fish can pass over obstacles such as the beaver
dam at 0.6 km that would prevent passage at lower flows. Streamflows

remain relatively high through the summer until steelhead trout

emergence in August and provide good incubation conditions for eggs

although there is probably some risk of egg scouring during high flow

yea rs.

The main period for juvenile fish activity and growth occurs from May

through 1 ate October when water temperatures are above 5°C. Juveni 1 e
fish are generally inactive from early November through April. At

this time they usually move into spaces in the substrate or within

debri s cover to overwi nter. Goathorn Creek offers excell ent

substrate for overwintering fish.

The creek usually freezes over in November, although this can occur

in late October as observed in 1984 (Figures 3.6 and 3.7). The

combination of low fall flows limiting upstream access and extensive

subsurface ice conditions developing during the freeze-up period

probably limits coho salmon use of Goathorn Creek. As well, the

system possesses few wetl ands and side channel sites typically used

by juvenile coho salmon for rearing.

~~



? ~-~

Figure 3.4 Much of Goathorn Creek ; s characteri zed by cobble
bed mater; al . Debri s tends to be deposited at the
stream edge in small accumulations that have little
di rect ; nfl uence on the stream profi 1 e.

Figure 3.5 Large organic debris that falls into the stream from
adj acent streambank areas creates a more stepped pro-
fi 1 e in Tenas Creek than ; n Goathorn Creek.

~~~
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Fi gure 3.6 Anchor ice started to form in Goathorn Creek duri ng
a cold peri od in 1 ate October. Thi s photo was taken
from the lower bri dge on October 28, 1984.

Figure 3.7 Water 1 eve 1 s ; n Goathorn Creek had ri sen over 30 cm
by October 31, 1984. Anchor ice deve 1 opment as i 1-
lustrated in these photos limits the streams suita-
bility for coho salmon spawning and may cause signif-
icant juvenile fish mortalities. ~~~
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The lowest flows in Goathorn Creek occur during the late winter

(usually March) when flows are normally less than 20% of the lowest

summer/fall flows. Based on observations in other Bulkley River

tri butari es (Bustard in prep.), some juveni 1 e fi sh strandi ng,

particularly fry in side channels, may occur during this period.

Tenas Creek Habitat Assessment

Tenas Creek is 21 km in 1 ength and drai ns an area of 63 km2 or
approximately one-thi rd of the Goathorn Creek watershed. Most fi sh
production in Tenas Creek occurs in the lower 12 km of the system

(Reaches 1 and 2 in Figure 3.8) where the stream gradient is typical-

ly 2-3%. Additional areas of potential production include a 3.5 km

section of Reach 3 and the lowest 1 km of Tributary 1. Upstream of

Reach 3 the st ream gradi ent increases to greater than 9% and is

unsuitable for fish production.

Tenas Creek's bed material is mainly comprised of cobble with some

1 arge gravel and bou1 ders and tends to be small er than Goathorn Creek

bed material. Lower streamflows and a narrower channel in Tenas

Creek have resulted in some significant differences in stream

morphology. Large organic debris that falls into the streams from

adjacent streambank areas has created a more stepped stream profi 1 e
and more habitat diversity than in Goathorn Creek (Figure 3.5). Pool

areas have formed downstream of logs and root wads, and gravel has

been deposited at the tail-outs from these pools creating more

spawni ng areas in Tenas Creek compared to Goathorn Creek. Lower

flows in Tenas Creek ~ave also resulted in more low velocity shallow

sites suitable for fry rearing. This increased spawning and fry

rearing habitat may account for the more extensive use by steel head

t rout of Tenas Creek compared to Goathorn Creek as i ndi cated by
juvenile surveys during the past two years.

Similarly to Goathorn Creek, the flow regime directly affects the

amount of useable stream habitat on a seasonal basis. The Tenas

Creek flow regime has several differences that may influence fish

production. Lower fall flows in Tenas Creek make access for ~~
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REACH SLOPE LENGTH WIDTH AREA D50 D9

( '1.) (m) (m) (m2) (cm) (cm)

RI 2.0 5790 6.6 38214 9 22

R2 3.4 5930 5.5 321515 9 2B
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salmon spawners even more difficult than in Goathorn Creek. As well

groundwater inputs to Tenas Creek may be more si gni fi cant than in
Goathorn Creek. This groundwater may be important in moderating

water temperatures and ice conditions in Tenas Creek providing a

benefit to overwintering juveniles. An estimated 5-10% of the

juvenile steel head trout population spends at least two winters in

Tenas Creek before movi ng downstream.

Lower Tel kwa River Habitat Assessment

The Tel kwa Ri ver from its confl uence with Goathorn Creek to the

Bulkley River has a slope of less than 1% and is part of the lowest

reach of the Telkwa River delineated on the biophysical map for the

Telkwa Watershed (Environmental and Planning Assoc. 1982). This

section of the Telkwa River is complex and multi-channelled.

Measurements made from ai r photos indicate there are approximately 18

km of side channels ranging from less than 100 m to over 2 km in

length in this 8 km section of the Telkwa River. Approximately

two-thirds of these side channels (based on length) are potentially

productive juvenile sa1monid rearing areas.

Side channels have been sub-divided into three categories - relic,

act i ve and flood channels. A descri pt i on of each of these channe 1

types and their relative importance to fish production is presented

in Table 3.14 while Figure 3.9 outlines the location of each channel

in the lower Telkwa Ri ver. Length, width and area ca1 cu1 ations for
each of the 79 side channels are presented in Appendix 7. The active

and flood channels are the main fish producing channels, while most

relic are not presently productive but could be developed as spawning

and juvenile" rearing areas. In addition, approximately 20 ha of

wetland areas adjacent to the lower Te1kwa River have been identified

(Figure 3.9). Wetlands are located within the flooded area of the

main channel and may be connected during high flow periods~ These

areas offer some of the best potential rearing areas for juvenile

coho salmon depending on access from the main channel and source of

flows during other periods of the year (Figure 3.10). Base inflows ~~
to these wetlands are often from adjacent slopes. ~

~



Table 3.14 Classification and Fish Habitat Assessment of Lower Telkwa River Side Channels.l

Si de Channel Types

R = Rel i c Channel s - These channel s are not connected to the mai n channel except duri ng peak flows.

- Rel i c channel s are heavi ly vegetated, usually wi thtrees.
- Relic channels may have tributary or groundwater inflows.

- These channels are usually not utilized by fish but offer suitable sites for side
channel development.

A = Acti ve Channel s - These channel s are connected to the mai n ri ver channel at most flows and usually have
some flow through them year-round.

- The banks are heavily vegetated and debris is usually present in the channel. This
debri s may buffer the effects of floods.

- Active channels provide high value fish habitat for juvenile steel head trout and in some
locations, coho salmon. Active side channels provide the best potential spawning areas
for steel head trout and pink and coho salmon of all the habitat types in the lower
Telkwa River.

F = Flood Channels - Flood channels are found on bars within the main channel and are subject to lateral
migration shifts and the full effects of floods.

These channels usually have little associated debris.

- Flood channels can offer high quality habitat for steel head trout, but tend to dewater
more frequently. They offer poorer spawning potential due to substrate shifting and
dewateri ng.

Wetl ands may be connected to the mai n channel duri ng hi gh flows.

- Wetlands can be productive coho salmon rearing areas if they are at least seasonally
accessible and have some inflows from adjacent slopes.

WL = Wetl ands

Additional Symbols

~
~~~
1 Refer to Figure 3.9 for channel locations in the lower Telkwa River.

= - groundwater source of water
tri butary source of water

- flood channel s that at the time of photography had
channels where the location is uncertain

=

water in them

. ¡
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SCALE: 1: 16 500

(CHANNEL WIDTHS NOT TO SCALE)
AIR PHOTO INTERPRETATION ONLY

LEGEND AND SUMMARY
CODE CHANNEL

TYPE

R -ORANGE RELIC

A -BLUE ACTIVE

F -YELLOW FLOOD

TOTAL

WL WETLANDS

CHANNEL CHANNEL
LENGTH AREA
(m) (m2)
5702 8 722

6 565 58 699

6330 53 321

18597 120 592

1 584 21 296

MC - GREEN MAIN CHANE 7968 108 364

G = GROUNDWATER SOURCE (SUSPECTED)

W = WETTED FLOOD CHANNEL

NOTE: SEE TABLE 3.11 FOR MORE DETAILED INFORMATION
RE CHANNEL CLASSIFICATION AND APPENDIX 7 FOR
SPECIFIC INFORMATION DESCRIBING EACH CHANNEL.

FIGURE 3.9
LOCATION AND HABITAT SUMMARY
OF LOWER TELKWA RIVER CHANNEL
TYPES
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Figure 3.10

Figure 3.11

~-3Ô

Wetlands (WLS) offer excellent PQ~ff;'ial rearing
habitat for juvenile coho salm0n( ')~ the lower
Tel kwa Ri ver, thi s type of habitar-"~rs often not
presently used due to access limitations from the
mai nstem ri ver.

SC2 is a large active side channel of the Telkwa
River. This substrate, with large interstitial
spaces provides excellent cover for juvenile fish.

~~~
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Th_~.~~~_~~~ed wetted area of active and flood channels is approxi-

mateiyCi66ha and is similar to that estimated for the main channel~~:-
of the Telkwa River. This is considered a maximum estimate since the

---~d~~~;:;~Ü :~";\ ~:te~o:r:~/:~ ~~of:~:e:/~::::d h: ~:: r 1:1 ow,

useable for juvenile salmonids rearin~aricularlY in the main
channel where velocities in mid-stream are typically too high for

suitable juvenile rearing. Measurements taken at fish sample sites

(45 points during two years of sampling) suggest that approximately 7

m on each side of the main channel provides useable parr rearing

habitat during the late summer and fall period. This estimate would

be lower for fry, as the small fish tend to occupy slow, shallow

sites often right along the margin.

The Telkwa River bed material is predominantly cobble in the 10-30 cm

diameter range. However, there is a lot of site variability. For

example, the small side channel (SC3) is characterized by silt and

sand substrate while other sites, particularly in main channel,

consist largely of boulder habitat. Although the bed material at

many sites is covered by a fine layer of glacial silt, the substrate

tends to be loose with large interstitial spaces providing good cover

for fry and parr-sized fish (Figure 3.11). Gravel areas suitable for

spawning are interspersed along the lower Telkwa River, particularly

in the active side channels. Pink salmon have been observed spawning

in Channels 12, 24 and 53 (Figure 3.9) during aerial surveys in 1983

(Bustard 1984c). Although food channels may have adequate gravel

they tend to be less suitable for spawning fish due to thei r higher

suscept i bi 1 i ty to substrate shi fti ng and dewateri ng.

A 1 though the general st reamfl ow pattern of the Tel kwa Ri ver is

similar to that discussed for Goathorn Creek, the larger watershed

has higher maximum and minimum flows and is more turbid than the

t ri butary st reams.: (CNRL 1983). The complex side channel habi tat in
the lower Telkwa River provides important refuge areas for fish

subject to high turbid flows in the mainstem river for much of the

summer period. Log jams and gravel bars tend to buffer many of these ~~

~~
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channels (particularly the active channels) providing moderated

conditions more suited to juvenile fish rearing. However, some of

these side channels may be subject to dewatering during the low-flow

period in the late winter, and significant fish mortalities could

occur in the lower Telkwa River side channels. High overwinter

losses in a multi-channelled section of the Morice River (Figure

1.1), an adjacent system also subject to lew winter flows, suggests

this may be a period of significant losses (Bustard in prep.).

Anchor and frazzil ice conditions are common during November and

early December in the Telkwa River but are probably less extreme than

in the tributary steams due to higher winter flows.

3.6.4 Hubert Creek Habitat Assessment

Hubert Creek drains a 44 km2 watershed comprised of low to mid-

elevation areas. This stream is approximately 12 km long and its one

major tributary, Helps Creek, is an additional 8.5 km in length

(Figure 3.12).

The lower 2 to 4 km of Hubert Creek is uti 1 i zed primari ly by coho
salmon and to a lesser extent by steelhead trout. The stream

gradient is less than 0.5% and this reach is characterized by

extensive ponds and wetland areas, largely the result of beaver

activity. Estimates derived from air photos indicated 3.4 ha of

ponded habi tat is present in Reach 1 of Hubert Creek. As well Helps

Lake has an area of 1.4 ha.

The mi d-reaches of Hubert Creek and the lower two reaches of He 1 ps

Creek provide an additional 8.5 km of fish habitat for resident

cutthroat trout and a small number of Dolly Varden char (Fi gure

3.12). The stream gradient exceeds 9% in areas upstream of these

reaches and is generally unsuitable for fish production.

The ponded sites of Hubert Creek are potentially excellent rearing

areas for juvenile coho salmon. However low autumn flows and

extensive beaver dams up to 2 m high create access difficulties for ~~

~



CT

ST
CO

CH
DV

LND

LNS

PONDED HABITAT

POTENTIAL SPAWNING SITES

1200

,g 1000
Z
o
;:
~
W..
W BOO

600

~ FIGURE 3.12-
~?

HUBERT CREEK
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R1 0.2 .060
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adult coho spawners. As well, spawning habitat in the lower system

is restricted to a small number of sites usually just downstream of

beaver dams in the stream section 1-2 km upstream from the Bulkley

River. Approximately 200 m of poor quality spawning gravel occurs in

this section. The presence of only yearling coho salmon upstream of

the CN railway bridge during 1983 sampling (Bustard 1984a), suggests

that adul t coho salmon access to much of the creek system can be

1 imited duri ng some years by beaver dams. Lower Hubert Creek does
not offer good quality steelhead trout habitat. This species prefers

those short secti ons of Hubert Creek that were free-fl owi ng (Bustard

1 984a) .

Resident cutthroat trout present in Helps Lake and in the mid-

sections of Hubert Creek have more potential areas suitable for

spawning (Figure 3.12). However much of the good spawning habitat in

Helps Creek has been substantially modified by agricultural clearing

and diversions which have exposed the channel creating unstable banks

subject to erosion.

Hubert Creek is not subject to the same degree of flow fluctuations

as the other systems exami ned in thi s study. The combi nat i on of

extensive ponding and lack of high elevation run-off (ésuìt\s in a

more moderated flow regime and lower turbidity levels\,th.n)n the

other study streams. Land-use activities such as agricultural
clearing, livestock grazing and logging have resulted in considerable

habitat degradati on in thi s system.

3.7 JUVENILE FISH STUDIES .

Results from the 1984 juvenile fish sampling program presented in the

following sections are arranged by different stream systems. Addi-

tional sample sites were added to this yearl s program (G6 and G7 in

Goathorn Creek, T4..in Tenas Creek and four mainstream Bulkley River

sites shown in Figure 2.1). The results have been summarized so that

comparisons can be made between the two years excluding the new sites

and some of the 1983 results are included in this section to enable ~~
easier comparisons. More detailed 1983 information is presented in ~~Bustard (1 984a). ~
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As well, revised stream length calculations have been incorporated

into the estimates based on more accurate measurements conducted in

1984. The 1983 results used in the comparisons have been revised

usi ng the new stream 1 engths, resul t i ng in di fferent system
production estimates than presented in Bustard (1984a).

Goathorn Creek

Approximately 3,500 m2 of the lower two reaches of Goathorn Creek

were sampled during 1984. This comprised 351 m of stream length and
represents 3.5% of the total 10.2 km of stream in the main fish-

producing section of Goathorn Creek. As well, an additional 29 m

section of Cabinet Creek was sampled.

Table 3.15 summarizes the fish species and age class composition of

the 5 sites in Goathorn Creek that were also sampled in 1983. As in

1983, just over 70% of the catch was compri sed of juveni 1 e steel head
trout with the remainder of the catch consisting of Dolly Varden char

except for a single juvenile mountain whitefish captured in lower

Goathorn Creek. The upper two sites (G6 and G7) not included in this
summary, were comprised almost entirely of Dolly Varden char. V.,

Overall fish numbers were approximately 13% lower in 1984, largel..,.
the result of lower numbers of fry of both species (Table 3.15). The

sample area and stream length were almost identical for the two

yea rs .

A summary of fish density and biomass estimates for the 1984 program

is presented in Table.3.16, while the more detailed fish sampling

results are provided in Appendix 8.

As in 1983, overall fish densities were highest at site GI (Table

3.16), representative of the lowest 1 km of Goathorn Creek. Densi-

ties at this site were approximately three times greater than in

sample sites upstream in Goathorn Creek. The high density estimates

~~~
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Table 3.15 Summary of Fish Species and ~ge Class Composition for two Years of Sampling in Goathorn Creek

Speci es

Goathorn Creek (S i tes G 1 to G51)

1984 1983

Age Number %Number %

Stee 1 head Trout

Dolly Varden Char

Mountai n Whi tefi sh

0+

1 +

~2+

383 47.9
138 17.3

48 6.0
(569 ) (71.2)

78 9.8
151 18.9

(229 ) ( 28 . 7)

1 O. 1

799 100

3,323

323

470

107

58

(635 )

0+

~1+
123

145

(268 )

TOTAL 904

Area Sampled (m2)

Stream Length Sampled (m)

52.0

11.9

6.4
(70.3)

13.6

16. a

(29.6)

0.1

100

3,238

323

1
G6 and G7 are not i nc 1 uded in thi s compari son since they were not i nc 1 uded in the 1983 samp 1 i ng program
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are largely a reflection of the higher steelhead trout fry numbers in

this lower reach of Goathorn Creek.

Total fish biomass (g/m2) ranged from less than 1 g/m2 at site G2

to over 3 g/m2 at G6, a new site located just downstream of the

confl uence of Goathorn and Cabi net creeks. Mean bi omass est imates

combi ned for sites GI to G5 were approximately 1.5 g/m2 in 1983 and

1984.

Stee 1 head Trout - Goathorn Creek

Although juvenile steelhead and rainbow trout cannot be visually

separated, most juveni 1 es captured in thi s study are suspected to be

progeny of steel head trout (Figure 3.13). Evidence in support of

this is presented in Bustard (1984a).

Juvenile steel head trout densities were highest at the lower site

(Table 3.16), mainly the result of fry densities (0.4 fry/m2), at

least four times higher than at other sites in Goathorn Creek.

Steel head trout fry and parr densities dropped progressively the

further upstream sampled. A single steel head trout yearling was

captured at the Goathorn-Cabinet Creek confluence indicating a small

number of steel head trout are present to at 1 east 10 km upstream in

Goathorn Creek. No steel head trout were captured at the Cabinet

Creek site (G7).

Site G3, located downstream of the existing mine site had a higher

steel head trout biomass than any of the other sites (Tabl e 3.16),

s imi 1 ar to the 1983 resul ts. Th i s site is more complex than the
others sampled, and has an excellent pool with debris cover that

provides habitat for larger juveniles. This may account for the

higher biomass estimates obtained at this site.

Although overall fry densities were slightly lower in 1984 than in

1983, steel head trout yearling (age 1+) and older parr (~age 2+)

densities and biomass estimates combined for the 5 sites sampled in ~~
both years were very similar (Table 3.17). ~~
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Fi gure 3. 13 Juveni 1 e steel head trout were the predomi nant fi sh
speci es captured in lower Goathorn Creek and Tenas
Creek. Some of the larger individuals may be resi-
dent rai nbow trout.

Figure 3.14 Dolly Varden char dominate fish populations in upper
Goathorn and Tenas Creeks. This fish is sexually
mature at 20 cm fork 1 ength.

~~
~~
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Table 3.17 "Steel head Trout Density and Biomass Estimates for

Goathorn Creek

Density (fish/m2)
0+ 1+ )2+

Bi omass (g/m2)

0+ 1+ )2+

1983

1984

0.14
0.11

0.03
0.04

0.02

0.02
.0.12
0.10

0.20
0.28

0.63
0.51

Population estimates have been derived by applying the catch per

linear meter of stream sampled to the total stream length represented

by each sample (Appendix 9). This results in an estimated 7,100

steel head trout fry in Goathorn Creek, with 70% of this estimate

located in the lowest 1 km of stream. As well, an estimated 3,700

steel head parr (70% age 1+) were utilizing Goathorn Creek during the

sample period. This compares with a modified estimate, (i.e. 1984

revised channel length) of 8,200 steel head trout fry and 3,300 parr

(61% age 1+) for 1983.

Dolly Varden Char - Goathorn Creek

The Goathorn Creek Dolly Varden char are a resident population of

fish maturing at a small size and are typical of cold headwater

streams as described in Scott and Crossman (1973). Ripe fish in the

150-210 mm fork length range have been found during both years of

sampling (Figure 3.14). Larger Dolly Varden (40 cm or more fork

length) are known to use lower Goathorn Creek on at least a seasonal

basi s (Bustard 1 984a).

The 1984 sampling program indicated Dolly Varden char were utilizing

the upper sect ions of Goathorn Creek to a greater extent than sites

lower in the system (Table 3.16). Densities were highest at new

sites established..at Goathorn-Cabinet Creek confluence and'in Cabinet

Creek. Dolly Varden char fry numbers were low at all sites sampled

and were lower than those obtained in 1983. Older age class densi-

ties and biomass were very similar (Table 3.18).

~~~
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Table 3.18 Dolly Varden Char Density and Biomass Estimates for
,.

Goathorn Creek

Dens ity ( fi sh/m2) Bi omass ( 9 1m2)

0+ )1+ 0+ )1+

1983 0.05 0.05 0.07 0.50
2984 0.03 0.05 0.04 0.51

This summary only includes sites GI to G5, since these sites were

sampled during both years. Densities and biomass at the two new

upper sites was more than 4 times greater than the mean for the lower

sites (Table 3.16).

Estimates derived from the 1984 data suggest a population of 2800 fry

and 15,000 older age class fish compared to a modified 1983 estimate

(i.e. revised 1984 channel length) of 3,900 fry and 5,800 older age

cl ass Dolly Varden char (Appendi x 9). The 1984 estimates incorporate
data from two new sites in the upper creek, and is probably more

accurate. However, these numbers shoul d be considered mi nimums, as

there is considerable stream length particularly in Cabinet Creek,

that offers potential Dolly Varden char habitat (Figure 3.3). Since

present use is unknown in these areas, they are not i ncl uded in the
system product i on est imate.

Tenas Creek

Approximately 1,350 m2 of the lower two reaches of Tenas Creek were

sampled in 1984. This comprised 207 m of stream length or just under
2% of the tot.l 10.7 km of stream in the mai n fi sh-produci ng secti ons

of Tenas Creek. The 1984 sample included an additional site in the

lower section of Reach 2 (site T4) to provide a more representative
,

sample of this section of stream.

The fish species and age class composition of the 3 sites in Tenas

Creek that were also sampled in 1983 is summarized in Table 3.19.

Similar to 1983, juvenile steel head trout were the main species ~~
present in Tenas Creek and compri sed 90% the est imated total juveni 1~~Ç/



Table 3.19 Summary of Fish Species and Age Class Composition for Two Years of Sampling in Tenas Creek

Tenas Creek (Si tes Tl to Ti )

1984 1983

Speci es Age Number % Number %

Area Sampled (m2)

Stream Length Sampl ed (m)

232 56.3 701 76.8

104 25.2 99 10.8

35 8.5 45 4.9

(371) (90.0) (845 ) (92.5)

7 1. 7 30 3.3

32 7.8 38 4.2

(39) (9.5) (68) (7.5)

2 0.5 0 0

412 100 913 100

1,201 1 , 1 54

182 189

Stee 1 head Trout 0+
1+

~2+

Dolly Varden Char 0+
~l+

Mountai n Whi tefi sh 1 +

TOT AL

1 T4 is not i ncl uded in thi s compari son si nce it was not i ncl uded in the 1983 sampl i ng program ,,,,.-

~~~
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fish population in the sample sites. The remainder of the catch was

comprised of Dolly Varden char except for 2 mountain whitefish

captured at the lowest site in Tenas Creek. Mountain whitefish were

not captured in Tenas Creek in 1983. Total fish numbers in Tenas

Creek in 1984 were less than one-half of those estimated in the 1983

samples. This was largely the result of a decline in the abundance

of fry of both species. The sample area ând stream length were

simi 1 ar for the two years.

A summary of fish density and biomass estimates for the 1984 sampling

program is presented in Table 3.20 while the more detailed fish

sampling results are provided in Appendix 8.

Tenas Creek fish densities were highest at site TI and declined as

sampling proceeded upstream in a similar pattern to 1983. However,

overa 11 dens i ties were 1 es s than one-half of those obtai ned in 1983,
largely due to a sharp decline in fry members at both sites TI and

T2.

Total fish biomass (g/m2) ranged from 1.4 to 2.8 g/m2 in 1984

with a mean estimate approximately 20% less than 1983 levels. The

mean biomass estimates for sites TI and T3 combined were 2.4 g/m2

and 1.9 g/m2 in 1983 and 1984 respectively. Site T2 had the

highest biomass levels, largely the result of good steel head trout

parr populations in this section of stream.

Steel head Trout - Tenas Creek

Juvenile trout captured in Tenas Creek are assumed to be the progeny

of steel head trout spawners (Bustard 1984a). Juvenile steel head

trout densities were highest at the lowest site (TI), largely the

result of fry densities of approximately 0.4 fry/m2 (Table 3.20).

Last year's fry densities at this site were 0.9 fry/m2. St'eelhead

trout parr densities, particularly the older age class parr, were

higher at T2 than at T1 during 1984. This is similar to 1983 and is

probably a result of more habitat complexity, especially pool habitat ~~
at site T2. Parr densities and biomass estimates combined for the ~~

~



Table 3.20. Summary of juvenile salmonid densities and biomass estimates at four sample sites in Tenas

Creek, September and October 1984
7

DENSITY ESTIMATES (fish/m2)
(" ~...

i

I

Reach Site Stee 1 head Trout Dolly Varden Char Mountain Whitefish Total
0+ 1+ )2+ 0+ )1+ )1+

1 T1 0.37 0.08 (0.01 0.00 0.01 (0.01 0.46
1 T2 0.04 0.13 0.08 0.00 0.02 0.00 0.27
2 T3 0.01 0.03 0.00 0.03 0.10 0.00 0.17

Mean1 0.14 0.08 0.03 0.01 0.04 (0. 01 0.30

2 T4 0.00 0.04 0.05 0.08 0.07 0.00 0.24

BIOMASS ESTIMATES ( g/m2)

Reach Site Stee 1 head Trout Dolly Varden Char Mountain Whitefi sh
0+ 1+ )2+ 0+ )1+ )1+

1 T1 0.30 0.47 0.09 0.00 0.22 0.48
1 T2 0.02 0.80 1. 72 0.00 0.25 0.00
2 T3 (0.01 0.16 0.00 0.04 1.20 0.00

Mean 0.11 0.48 0.60 0.01 0.56 0.16

2 T4 0.00 0.24 0.77 0.12 0.51 0.00

1 Thi s mean is calculated from those sites which were also sampled in 1983

Tot a 1

1.56
2.79
1.40

1.92

1.64

~~~
t?
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sites sampled for the two years were very comparable as shown in the

Tabl e 3.2l.

A~/ .
Table 3.21 Steel head Trout Density and Biomass Estimates for Tenas~ Creek

Den s ity ( fi sh/m2) Bi omass ( g/m2)

0+ 1+ )2+ 0+ 1+ )2+

1983 0.48 0.07 0.03 0.50 0.46 0.72

1984 0.14 0.08 0.03 0.11 0.48 0.60

A small number of steel head trout fry were again present at site T3,

over 10 km upstream on Tenas Creek, indicating that some steelhead

trout utilize the top section of Tenas Creek. Several steel head

trout parr were also captured at this site in 1984.

Fish population estimates have been derived for Tenas Creek based on

catch per linear meter and stream length represented by each sample

(Appendix 9). The Tenas Creek fry population is estimated to be

approximately 8,400 fry compared to 33,500 estimated in 1983. Nearly

99% of these fry are located in the lowest 6 km of Tenas Creek.

Steel head trout parr estimates were 7,700 and 8,100 fi sh for 1984 and

1983 respectively. The 1983 estimates have been revised from those

presented in Bustard (1984a) to incorporate better estimates of reach

lengths derived in 1984. The 1984 estimates incorporate data

collected at an additional site (T4) and therefore provide a better

estimate of steel head 'trout production.

Dolly Varden Char - Tenas Creek

Tenas Creek Dolly Varden char are typi cally small resident .fi sh
similar to those described in the Goathorn Creek section. Densities

are higher in the upper system (Reach 2) than at downstream sites

(Table 3.20). Fry densities were less than 0.1 fish/m2 at all
sites and mean fry and 01 der age cl ass densities were both lower than ~~
1n 1983 (Table 3.22). ~ú?
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Varden Char Density and Bi omass Estimates for Tenas

Creek

Dens ity ( fi sh/mz) Bi omass (g/2 )

0+ )1+ 0+ )1+

1983 0.05 0.06 0.05 0.69

1984 0.01 0.04 0.01 0.56

Fry densities at the new site (T4) were higher than other sites but

older age class Dolly Varden char densities were lower than at site

T3 located upstream (Table 3.20).

Estimates derived for 1984 (Appendix 9) suggest a population of

approximately 2,000 fry and 3,500 older age class Dolly Varden char

compared to a modified estimate (i .e. revised 1984 channel length) of

3,100 fry and 3,400 older age class fish derived in 1983. These

estimates are probably low since at least 3 km of potential fish

habitat upstream of Reach 2 are not included in the production

figures.

Tel kwa River

Approximately 2,100 m2 of main and side channel habitat was sampled

in the Tel kwa Ri ver downst ream of the Goathorn Creek confl uence

(Figure 2.1). In total, 152 m of side channel and 129 m of main

channel margin were sampled. This is 20% more area sampled than in

1983, largely the result of increasing the area sampled at SC2.

These sites comprised less than 1% of the total channel length in

this section of the Telkwa River.

Steel head trout juveniles comprised 79% of the 660 juvenile fish

estimated in the sample site (Table 3.23). The remainder of the

sample was comprised of coho salmon (11%), mountain whitefish (7%),

chinook salmon (2%), and Dolly Varden char (1%). A single longnose

dace was captured in SC1. Overall fish numbers were 18% lower in

1984, despite sampling more area. Steel head ,trout fry and mountain ~~
whitefish numbers were less than one-half of the 1983 totals while ~~

~



Table 3.23 Summary of Fish Species and Age Class Composition for Two Years of Sampling in the Lower Telkwa
River (Combined Side and Main Channel Sites)

1984 1983

Speci es Age Number % Number %

Steel head Trout 0+ 255 38.6 535 66.7

1+ 213 32.3 75 9.4

~2+ 56 8.5 42 5.2

(524 ) (79.4) (652 ) (81.2)

Coho Salmon ~l+ 75 11.4 34 4.2

Chi nook Salmon 0+ 11 1. 7 O. 1

Mountai n Whi tefi sh 0+ 43 6.5 105 13.1

~l+ 2 0.3 3 0.4

(45 ) (6.8) ( 1 08 ) (14.0)

Dolly Varden Char ~l+ 4 0.6 7 0.9

Longnose Dace 1 0.1 0 0

TOT AL 660 100 802 100

2 2,089 1,812~Area Sampled (m )
~eam Length Sampled (m) 281 237(J~

t?
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steelhead trout parr (particularly age 1+ fish) and juvenile coho

sa 1 mon numbers were more than doubled the 1983 totals. As well, more

chinook salmon fry were captured in the Telkwa River in 1984 at sites

up to 4 km upstream of the Bul kl ey Ri ver confl uence.

A summary of fish densities and biomass estimates for main and side

channel sites is pr~sented in Tables 3.24 and 3.25, while the more

detailed results are presented in Appendix 8. Overall fish density

estimates in side channels (1.0 fish/m2) were more than three times

the estimates obtained in main channel locations (0.3 fish/m2).

Thi s di fference was 1 argely the resul t of very hi gh numbers of fi sh

in SC3, a small side ~hannel with high juvenile coho salmon densi-

ties. Biomass estimates were also higher in side channels (2.4

llg/m2) compared to main channels (1.4 g/m2). If results from SC3

were not included in the totals, then both biomass and density

estimates for the remaining two side channels were similar to main

channe 1 resul ts.

The 1984 density and biomass estimates in Telkwa River side channels

were more than twice those obtained in 1983, largely the result of

SC3 which had biomass estimates 4 times as high as in 1983. Main

channel densities were slightly lower in 1984 (0.3 fish/m2 compared

to 0.4 fish/m2) reflecting fewer steel head trout fry, but biomass

estimates were slightly higher due to more steel head trout parr (1.4

g/m2 compared to 1.2)Alm2 in 1983).

Steel head Trout - Telkwa River

Stee 1 head t rout fry comp ri sed 49% of the 524 steel head trout j uve-

niles sampled in the Telkwa River in 1984 (Table 3.23). Steel head
trout fry were present in all sites but one main channel location

(Tables 3.24 and 3.25). Similarly to 1983, highest fry densities

occurred in SC3, a small side channel with heavy debris cover.

Nearly 80% of the 113 steel head trout parr sampled were age 1+.

Steel head trout parr numbers were again highest at MS7 and MS1 (Table

3.25), two main channel sites with clean cobble substrate. There was ~~
little difference in fry and parr densities between side and main ~
channel locations (Table 3.24 and 3.25). ~ ~



Table 3.24. s~:fjuvenile salmonid densities and biomass estimates at three sample sites in Telkwa
River side channels, September 1984

DENSITY ESTIMATES (fish/m2)

Site Stee 1 head Trout Coho Salmon Chinook Salmon Mountai n Whitefi sh Longnose Tot a 1

0+ 1+ )2+ (1+ 0+ 0+ )1+ Dace

SC1 0.13 0.15 0.02 (0.01 0.02 0.05 (0.01 (0.01 0.37
SC2 0.05 0.08 0.03 0.01 (0.01 0.01 0.00 0.00 0.18
SC3 0.52 0.00 0.00 1.85 0.00 0.00 0.00 0.00 2.37

Mean, 0.23 0.08 0.02 0.62 0.01 0.02 (0. 01 (0.01 0.97

BIOMASS ESTIMATES (~g/m2)

Site Steel head Trout Coho Salmon Ch i nook Salmon Mountain Wh i tefi sh Longnose Tot a 1

0+ 1+ )2+ (1+ 0+ 0+ )1+ Dace

SC1 0.10 0.80 0.40 0.01 0.11 0.10 0.02 0.01 1.55
SC2 0.04 0.47 0.62 0.03 0.02 0.02 0.00 0.00 l.20
SC3 0.41 0.00 0.00 4.06 0.00 0.00 0.00 0.00 4.47

Mean 0.18 0.41 0.34 1.37 0.04 0.04 0.01 (0.01 2.41

SC1 - Medium (Mean width - 7.1 m)
SC2 - Large (Mean width - 15.2 m)
SC3 - Sma~l (Mean width - 1.3 m)

~~~
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Table 3.25.

Site

d
~ juvenile salmonid densities and biomass estimates at seven sample sites in the

Telkwa River main channel, September 1984

Stee 1 head Trout
0+ 1+ )2+

0.12 0.17 0.09
0.14 0.05 0.03
0.15 0.12 0.03
o 00 0.06 0.00
0.32 0.0. 0.00
0.23 0.06 0.02
0.17 0.18 0.07-
0.16 0.09 0.03

DENSITY ESTIMATES (fish/m2)

Coho Sa 1 mon Dolly Varden Char Mountain Whitefish

0+ )1+ 0+ )1+

0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.00
0.01 0.00 0.02 0.00
0.00 0.00 0.01 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.03 0.00
0.03 0.03 0.01 0.01

0.01 (0.01 0.01 (0. 01

BIOMASS ESTIMATES (~g/m2)

Coho Salmon Dolly Varden Char Mountai n Whitefi sh

0+ )1+ 0+ )1+

0.00 0.00 0.00 0.00
0.05 0.00 0.02 0.00
0.03 0.00 0.04 0.00
0.00 0.00 0.02 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.05 0.00
0.05 0.42 0.01 0.14

0.02 0.06 0.02 0.02

MS1

MS2
MS3
MS4
MS5
MS6
MS7

Mean

Site Stee 1 head Trout
0+ 1+ )2+

0.10 0.89 2.36
0.11 0.23 0.40
0.14 0.58 0.52
o 00 0.36 0.00
0.20 0.00 0.00
0.19 0.35 0.28
0.15 0.89 1.38

0.13 0.47 0.71

MS1

MS2

MS3
MS4
MS5

MS6

MS7

Mean

Total

0.38
0.24
0.33
0.07
0.32
0.34
0.48

0.31

Tot a 1

3.35
0.81
1.31
0.38
0.20
0.87
3.04

1.42

~~p
. ~(p

~

\l\.
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A summary of juvenile steel head trout density and biomass

combined for all sites in the Telkwa River is shown below.

'Os.

~..--
Table 3.26 Steel head Trout

,.

est imates

~
Density and Biomass Estimates for Tel kwaRiver '

Density ( fi sh/m2) Biomass ( g/m2)

0+ 1+ )2+ 0+ 1+ )2+

1983 0.32 0.04 0.02 0.28 0.21 0.46
1984 0.20 0.08 0.02 0.16 0.44 0.52

Steelhead trout fry densities in the Telkwa River (0.2 fry 1m2) in
1984 were slightly less than in 1983 (0.3 fry 1m2). Age 1+

steel head trout parr densities were double the 1983 estimates while

older age classes of steel head trout had similar densities during the

two years. Bi omass estimates showed a simi 1 ar pattern of lower fry

and hi gher yearl i ng bi omass.

Population estimates derived for the 8 km of main channel and just

under 13 km of productive side channel habitat in the Telkwa River

suggest a population of 26,000 fry and 25,000 parr (Appendix 9).

This compares to an estimated 63,000 fry and 15,000 parr calculated

for 1983. Steel head trout production is spread equally between main

and si de channel areas. Si de channels may account for 1 ess produc-

tion than indicated in this estimate, since wetted channel lengths

were evaluated during August flows. Many of these channels may not

provide productive salmonid habitat during the lower flow late winter

period.

Coho Salmon - Telkwa River

Juvenile coho salmon had a limited distribution in the lower Telkwa

River, although t~eir numbers were more than double those obtained in

1983 (Table 3.23). They were present in low numbers at 3 of the 7

main channel sites and in all of the side channel locations except

SC3 where high densities of juvenile coho salmon were present. This ~~

small channel has low water velocities and abundant debris cover, ~
providing excellent coho salmon habitat away from the mainstem riV~
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All but 5 of the 75 juvenile fish captured during the 1984 sampling

program were age 0+ fi sh.

Minnow trapping at 5 wetland sites in the lower Telkwa River indicat-

ed that coho salmon do not presently use these sites (Appendix 10).

Several of these sites offer excellent potential habitat, particular-

ly WL5 (Figure 3.9). The main factor limiting coho salmon use of

several of these sites is probably lack of access from the main

channe 1 preventing recrui tment of fi sh into them. Studi es in an

adjacent system (Bustard in prep.) indicated that wetland areas can

provide very productive coho salmon rearing areas if they have a

suitable water source and access to the main river for at least some

peri od of the year.

Chinook Salmon - Telkwa River

Chinook salmon fry comprised just under 2% of the 1984 sample. The

estimated 11 fry were captured at two side channel sites in the lower

Telkwa River (Table 3.23). Only a single fry was captured in the

1983 sampl e. Al though it is most probable that these fry move up

into the Telkwa River from the Bulkley River, it is possible that a

few pairs of chinook salmon spawners may utilize the Telkwa River for

spawning during some years.

Dolly Varden Char - Telkwa River

As in 1983, very low numbers of juvenile Dolly Varden char were

captured in the lower, Telkwa River. None of the four Dolly Varden

char sampled were fry indicating that this section of river is not

important as a juvenile rearing area for this species.

Mountain Whitefish Telkwa River

Mountain whitefish were present in low densities at five main channel

sites and in two side channels (Table 3.24 and 3.25). Total mountain

~~
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whitefish numbers were lower in 1984 (45 fish) compared to 1983 (108

fish). They comprised just under 7% of the 1984 sample, and all but

two of the fish sampled were fry. The largest decline from the 1983

totals occurred in the side channel locations.

Bul kl ey Ri ver

Four mainstem sites on the Bulkley River just downstream from Hubert

Creek (Fi gure 2.1) were added to the 1984 sampl i n9 program. These

sites are located near the proposed junction for the rail link

between CNR's existing rail line and the mine site (Figures 1.2 and

3.15).

In total 247 m2 of area and 86 m of river margin were sampled. The

results are summarized in Table 3.27 while the detailed results are

presented in Appendix 8. Juvenile steel head trout (fry and parr)

comprised 70% of the 60 fish captured at the sites. The remainder of

the sample consisted of chinook salmon fry (27%) and mountain

whitefi sh (3%).

Steel head trout fry and parr densities were approximately 0.1

fish/m2 (Table 3.27). Biomass estimates at the sites ranged from

1-2 ~g/m2 with a mean of 1.5 ~g/m2. The steel head trout fry

density estimates were similar to those reported in a 1982 study of

the mainstem Bulkley River, while parr density estimates are higher

than the 0.02 parr/m2 estimates reported (Envirocon 1983). Chinook

salmon densities of 0.06 fry/m2 are identical to those obtained in

the 1982 study.

Summary of Juveni 1 e Fi sh Studi es

The results from the 1984 fish sampling program provide a second year

of detailed juvenile fish distribution and abundance information for

Goathorn and Tenas creeks and the lower Telkwa River. The results

confi rm the importance of these systems as reari ng areas for juveni 1 e
steel head trout, the predominant species present in all locations ~~
except upper Goathorn and Tenas creeks. As in 1983, coho and chi noo~ ~

~
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Figure 3.15 Thi s site on the Bul kl ey Ri ver just downstream of
Hubert Creek provi des rear; n9 habitat for juveni 1 e
stee 1 head trout and chi nook salmon.

Figure 3.16 The sport fishery for Telkwa River steel head trout
occurs primarily in the Bulkley River.
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salmon were present in low numbers in the study area, although their

numbers were higher than in the previous year's sample. The higher

coho salmon numbers may be a reflection of the good coho salmon

spawning escapement into the Telkwa River in 1983. Juvenile salmon

were not present at samples sites in Goathorn or Tenas creeks.

The results of the 1984 juvenile samplin~ program showed a number of

similarities to the 1983 results. For example, species distributions

wi thi n each system were very close to those determi ned in 1983. As
well, the fish biomass and density estimates for the older age

classes of fish were very comparable at most locations between the

two years. A summary of overall density and biomass estimates is

shown below.

Table 3.28 Summa ry of Fi sh Production in~tudY Area
t

Goathorn Tenas Telkwa1

Creek Creek Ri ver

Density (fi sh/m2) 1983 0.28 0.69 0.43

1984 0.23 0.30 0.30

Bi omass (g/m2) 1983 1.5 2.4 1.3

1984 i .4 i.9 i .4

1SC3 estimates have been excl uded from both year's summari es.

Although this site comprised less than 2% of the sample area, it
substantially altered estimates due to the method of calculating
means.

This summary indicates that despite lower fish densities during 1984

in Goathorn Creek and in the Telkwa River, biomass remained near 1983

levels. Tenas Creek had the largest decline in both fish density and

biomass, dropping to levels only slightly higher than the ~ther

systems. These- resul ts are very di fferent from those obtai ned in
1983 that suggested Tenas Creek was cons i derab ly more productive than
these other systems. Bulkley River main channel sites had comparable ~~
density (0.24 fish/m2) and biomass (1.~/m2) estimates to the ~

other three systems (Table 3.27). ~
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The most conspicuous difference in the results from the two years of

fish sampling was the marked decline in numbers of steel head trout

fry present in 1984 compared to 1983. Overall fry numbers were

approximate ly 50% of those obtai ned in 1983 wi th 1 eve 1 sin Tena s
Creek only 25% of the 1983 level s. At the same time, there was a 75%

increase in age 1+ steelhead trout in 1984 reflecting good survival

of the high numbers' of fry present during" 1983. Yearling numbers

were most conspicuously higher in Telkwa River sites where estimates

were double those determined for 1983.

The low steelhead trout fry numbers in 1984 compared to 1983 are in

general agreement with adult spawner estimates for the Bulkley River

and tributaries such as the Telkwa River. These estimates suggest

that the 1982 steelhead trout escapement (i .e. the source of the 1983

fry recruitment) was higher than normal while the 1983 escapement

(i.e. the source for 1984 fry recruitment) was low (Lough pers. comm.

1984). Data for the two years provide an indication of the
variability that can exist within the fry population following high

and low escapement years. The hi gh 1983 fry numbers ha~e been

carried through to the yearling population of steelhead trout in the

1984 sample, while numbers of older age class steelhead trout parr

()2+) have remained constant for the two years sampled. Juvenile
fish surveys in other Bulkley River tributaries during 1984 have also

shown thi s trend for low fry and hi gh parr numbers (Lough pers. comm.

1 984 ) .

Similar to steelhead trout, Dolly Varden char populations in Goathorn

and Tenas creeks al so had poor fry recruitment in 1984. Fry numbers

were approximately 50% of the 1983 levels while numbers of older age

class individuals remained the same for the two sample years.

Reasons for poor Dolly Varden char fry recruitment are not known.

Dolly Varden char..popul at ions in both Goathorn and Tenas c'reeks
tended to be highest in those stream sections with low or no

steelhead trout populations. Habitat characteristics of some of

these sections such as in Reach 2 of Goathorn Creek appear similar ~~
(F1 gu re 3.3). and the result s sU9gest that Doll y Va rden cha r ~ ú?
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popul at ions may not compete success fully in those stream systems

where juveni 1 e steel head trout are present. A simi 1 ar pattern of

Dolly Varden char juveniles utilizing those stream sections not

utilized by juvenile steel head trout and coho salmon has been

observed in other Bulkley River tributaries (Envirocon 1981).

Juvenile steel head trout were consistently smaller in 1984 compared

to 1983 (Table 3.29). This pattern occurred in all of the systems

and for all age classes, suggesting that growing conditions in the

study streams were poor compared to 1983. Mean fork 1 engths for
steel head trout fry averaged nearly 7 mm less than during the same

period in 1983. Fry in the 29-30 mm size range were captured during

the 1 ate September samp 1 i ng prog ram suggesting that some emergence
was still occurring up to this period. Small fry entering the winter

period tend to have poorer overwinter survival than large fish. Size

di fferences were not as great for Dolly Varden char fry, averagi ng 2

mm smaller in 1984 compared to 1983 (Table 3.29).

3.8 ESTIMATED ADULT STEELHEAD TROUT PRODUCTION

An estimate of the number of adult steelhead trout produced in

Goathorn and Tenas creeks and the lower Tel kwa Ri ver can be made by

assuming survival rates from the parr to smolt stage and subsequently

to returning adults (Table 3.30). It should be emphasized that these

assumptions have limited application, since steel head trout survival

rates at vari ous 1 i fe hi story stages are dependent upon the part i-
cular characteristics of the system and vary from year to year.

Nevertheless, these estimated survival rates do provide a method of

making a rough approximation of adult populations of steel head trout.

a fish species that is very difficult to enumerate by other means.

These est imates suggest spawni ng popul at ions in the order of 52

steelhead trout in Goathorn Creek, 107 steelhead trout in Tenas Creek

and 347 steelhead trout in the lower Telkwa River (Table 3.21). The

Goathorn and Tenas creek estimates are very similar to 1983 estimates

while the Telkwa River estimates are 70% higher in 1984, largely the ~~
resu 1 t of a large j nc rease 1 n the numbers of age 1+ steel head t r~ ú?
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Table 3.29. Summary of length and age data for juvenile steel head trout and

Dolly Varden Char in Goathorn and Tenas Creeks and the lower Telkwa River1

~3 ~~ ( ",
,.,,'l-j
.-- "'.;

Juvenile Steelhead Trout
0+ 1+ )2+

Age 1984 1983 1984 1983 1984 1983

Goathorn Creek n 378 470 138" 107 48 58
% 67.0 74.0 24.5 16.9 8.5 9.1
IT (mm) 38.3 43.7 77.7 79.7 125.5 144.7

Tenas Creek n 232 701 104 99 35 45
% 62.5 83.0 28.1 11.7 9.4 5.3
IT (mm) 38.0 45.1 78.5 83.2 123.2 126.1

Te 1 kwa Ri ver n 255 538 213 75 56 39
% 48.7 82.5 40.6 11.5 10.7 6.0
IT (mm) 37.8 45.5 76.2 82.6 126.6 132.9

~q
Tota 1 n 865 1,709 455 281 ~ 142

% 59.3 80.2 31.2 13.2 .5 6.7
IT (mm) 38.1 44.8 77.2 81.7 125.3 135.6

Total

Dolly Varden Char
0+ )1+

1984 1983 1984 1983

n 78 123 151 145
% 34.1 45.9 65.9 54.1
"I (mm) 47.8 50.7 100.0 100.9

n 7 30 32 38
% 17.9 44.1 82.1 55.9
"I (mm) 44.7 45.2 109.5 109.2

n 85 153 183 183
% 31.7 45.5 68.3

\ 54.5
IT (mm) 47.5 49.6 101.7 i02.6

.,
ì

Goathorn Creek

Tenas Creek

1These results are based only on those sites which were also sampled in 1983.

~~
~ ú?



Table 3.30 Estimated Adult Steelhead Trout Production in 1983 and 1984 Based on E~tBd Steelhead Trout
Parr Populations and Assumed Survival to Smolt and Adult Stager

Estimated ~arr Estimated ~molt Total Adul~ Estimated ~pawner
Popul ati on Popul ati on Prod uct ion Popul ati on

Goathorn Creek 1983 3,289 1,151 138 46

1984 3,735 1 ,307 157 52

Tenas Creek 1983 8,099 2,834 340 113

1984 7,650 2,678 321 107

Lower Telkwa River5 1983 14,517 5 , 081 610 203

1984 24,766 8,668 1 ,040 347

TOT AL 1983 25,905 9,066 1 ,088 362

1984 36, 151 12,653 1,518 506

See Appendi x 9. 1983 esti mates have been revi sed based on new habi tat measurements deri ved in 1984 and
reduced smol t survi val estimates

2 Assumes 35% survival from parr to smolt (Tredger 1982)

3 Assumes 12% survival from smolt to adult (Lough pers. camm. 1984)

4 Assumes a 2:; interception ratio for adult fish (Lough pers. comm. 1984)

5 This estimate is for a combination of main and side channel habitat from Goathorn Creek to the Bulkley River

~~~
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The assumed 35% survival from parr to smolt stage may be higher

considering the preponderance of age 1+ fish classified as parr.

However, this may be offset by the tendency of juvenile steel head

trout to move downstream into larger systems as they grow. Some

steel head trout parr rearing in the Bulkley River are probably

derived from populations originally spawned in Telkwa River tributary

streams such as Tenas Creek.

These estimates assume a 2:1 ratio of intercepted fish to spawners.

Thi s means that for everyone adul t steel head trout whi ch spawns in
the system, two adults are intercepted enroute to the spawning

grounds, either in the commerci a 1, Indi an or sport fi shery. Al though

angl er harvest data i ndi cate that typi ca lly 1 ess than 10 steel head
trout each year are harvested in the Telkwa River (Fish and Wildlife

Branch 1970- 1982), Telkwa River steel head trout probably contribute

significantly to the Bulkley River steel head trout sport fishery. It

is probable that most Telkwa River fish hold in the Bulkley River

during the fall and winter period, and are available to anglers

during this period (Figure 3.16). The Bulkley River and its tributa-

ries supports one of the most intensive summer steelhead trout

fisheries in British Columbia and is ranked in the top two rivers in

the provi nce in terms of angl er-days expended in 1982 and 1983

(Billings 1982; 1983). The section of the Bulkley River in the

vicinity and downstream of the Telkwa River confluence is one of the

most heavily fished sections of the system (O'Neill and Whately

i 984) .

3.9 ADULT FISH SURVEYS

Adult fish surveys in 1984 focussed on aerial counts of coho salmon

abundance and distribution to supplement information collected in

1982 (Bustard 1983). As well, Goathorn Creek was walked from the

beaver dam barrier downstream to determine whether pink salmon were

present in this section in 1984. No pink salmon were observed during

this September 17 survey despite good visibility. Previous surveys

(Bustard in prep.) indicate small numbers of pink salmon use lower ~~
Goathorn Creek during years of high Bulkley River escapements. Pink~

~
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salmon numbers in the Bulkley River were relatively low during 1984

(Fi sheri es and Oceans 1984), typi ca 1 of even-year runs.

Loca 1 angl ers report that Tel kwa Ri ver coho salmon usually move
upstream from mid-August through to the first week of September. The

first coho salmon captured in the Telkwa River (near the CNR bridge)

occurred on August 15 in both 1983 and 19B4 (Fearnside pers. comm.

1 984 ) .

Aerial reconnaissance of the mainstem Telkwa River indicated coho

salmon spawning at a number of locations between 30 km and 46 km

upstream on the river (Figure 3.17). Totals of 75 and 104 adult coho

salmon were observed on November 14th and 30th respectively (Appendix

11). This compares with a maximum count of 80 coho salmon counted in

1982 (Bustard 1983), another relatively poor year for coho salmon

escapements in the Bulkley River and tributaries (Fisheries and

Oceans 1984). The presence of unoccupi ed redd sites and the
increased number of fish in the upper sections during the later

survey suggest that a mi ni mum of 250 coho salmon spawners were

probably present in the upper section of the Telkwa River in 1984.

Coho salmon spawning occurs over a long period from the end of

October through December (Bustard 1983). Since ripening fish tend to

hold under cover and in deeper pools, this estimate could easily be

50% lower than the actual number of fi sh present. The 1 ack of

carcasses observed suggests that spawni ng had not yet reached a peak.
Historical escapement estimates since 1960 have ranged from 100 to

1,200 fish annually (Hancock et ale 1983).

A 4 km section between Km 30-34 (Figure 3.17) had the highest spawner

use based on counts during both flights. Previous surveys indicated

heaviest use in the section located between Km 44-46 just upstream of

Mi 1 k Creek (Bustard 1983).

An additional 22 and 13 coho salmon spawners were observed in Elliott

Creek on November 14th and 30th respectively. The lower 1 km of this

low-gradient tributary had been previously identified as an important ~~
coho salmon spawning area based on the 1982 surveys. ~ú?
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Anchor and frazzi 1 ice were present throughout the Tel kwa Ri ver

duri ng both surveys, parti cul arly duri ng mi d-November fl i ght. Anchor
ice was usually present in the faster riffle sections while frazzil

ice was most prevalent downstream of Howson Creek. Elliott Creek and

the Tel kwa Ri ver upstream of Mi 1 k Creek (Km 43) were ice-free. Coho
salmon would be unable to spawn at locations with anchor ice present.

As well, egg incub~tion would probably be impeded due to restricted

subsurface flow in ice-covered areas.

The 1984 surveys confi rm the importance of the upper Tel kwa Ri ver for
coho salmon spawning. The combination of low-gradient stream
sections with suitable spawning gravel and ice-free conditions

(probably groundwater influenced), and abundant wetland rearing

habitat for juveniles in this upper river section probably favours

coho salmon use. Although sites lower on the river have potential,

particularly in side channel locations, no adult use had been

observed. Tri butari es such as Goathorn and Tenas creeks have had

extensive subsurface ice during both years of surveys, suggesting

they are poor candidate streams for late fall spawning fish such as

coho salmon.

3.10 METAL CONCENTRATIONS IN FISH TISSUE

Results of concentrations of seven metal analyses in the muscle

tissue of 30 fi sh taken from Goathorn and Tenas creeks are summari zed

in Table 3.31. Detailed results for each fish are presented in

Appendix 12 with results of an additional 17 elements (including

metals) analyzed in the fish tissue also summarized in Appendix 12.

Measurements of metal concentrations in a single fish at site T2 have

been excluded from the summary due to unusually high levels of iron

and aluminum possibly a result of sample contamination (Appendix 12).

Levels of arsenic-, copper and zinc are very similar in fish taken

from all three sites regardless of species (Table 3.31). Tenas Creek

fish had slightly lower levels of cadmium than Goathorn Creek fish.

As well, fish taken from the lower site on Goathorn Creek (G2) had ~~
higher levels of lead, iron and aluminum than fish taken at other ~~

~



t rTable 3.31 Summary of Fi sh Ti ssue Metal An ys)( )nd Compari son to Resul ts ¡rom Other Studi es

'-/
lJg/g dry wei ght

System Speci es As Cd Cu Pb An Fe A 1
..

Zv- ,

Goathorn (G2) Stee 1 head Trout 0.07 0.14 2.0 0.20 31.4 45.5 7.5
Goathorn (G5) Dolly Varden Char 0.06 0.13 1. 7 C:0.10 31.8 24.2 1.5
Tenas (T2) Stee 1 head Trout 0.06 0.06 2. 1 0.14 31.9 25.2 4.3

Foxy Ck 1 Rai nbow Trout C:0.10 C:0.10 2.6 0.13 32.2
Buck Ck2 Steel head Trout 0.11 C:0.10 2.2 1. 17 31.2
Aldrich Lk3 Cutthroat Trout C:26.0 C:1.0 C:1.0 C:10.0 30.1 21.0 C:2.0

Lower Fraser River4 Rai nbow Trout C:0.2-0.3 0.7 C:0.2 5.0 5.9
Lower Fraser Ri ver 4 Dolly Varden Char .q. 2 -0.3 0.6 C:0.2 4.9 4.3

Based on 10 samples collected in lower Foxy Creek during August 1982 (Data courtesy Equity Silver Mines.
L td., Houston, B. C. )

2 Based on 10 samples collected in Buck Creek downstream of Goosly Lake during August 1982 (Data courtesy of

Equity Silver Mines Ltd., Houston, B.C.)

3 Maclean (1983)

4 Northcote et'al. (1975) - expressed as ppm wet weight

~~~
(p
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sites. These differences are minor and are not reflected in water

qual ity sampl es taken at corresponding sites (reference to Water

Quality Section). However, total concentrations of a metal in water

samples may not accurately reflect the biological availability of a

particular metal. It is not known whether(~~ Dolly Varden char in

Goathorn Creek accumul ate meta 1 s at di ffer~) rates than steel headtrout juveniles. . ~
Dolly Varden char sampled in upper Goathorn Creek had lower levels of

lead, iron, and aluminum than steel head trout parr taken downstream.

Differences in metal accumulation rates between these two fish

species have not been identified in other studies. Northcote et ale

(1975) found generally similar levels of copper, zinc, and iron in

the two species sampled in the Fraser River (Table 3.31), but the

Dolly Varden char sample size was small. Diet studies (Section

3.4) suggest that both species rely heavily upon aquatic inverte-

brates for food, suggesting that the major source of metal s (through

the food items they ingest) should be similar.

Metal concentrations in the muscle tissue of Goathorn and Tenas creek

fish are generally similar to those levels reported in trout species

in Foxy and Buck creeks, two other tributary streams of the Bulkley

River (Table 3.31). Zinc and iron levels were similar to those
obtained in nearby Aldrich Lake (MacLean 1983). Analyses of other

metals in Aldrich Lake was not to sufficient detection levels to

enable comparisons. The concentratieiio~~r, zinc and iron in :x

fish muscle tissue at all sites in this stud~ considerably
higher than levels found in lower Fraser River fish (Table 3.31).

The copper levels were lower than levels found in rainbow trout from

Okanagan Basin lakes, an area of high copper mineralization, while

zinc levels were higher (Northcote et ale 1972). Results from a

broad $tudy of metal concentrations in fish in B.C. lakes (Peterson

et ale 1970) were ,not comparable since nearly all results are for

liver tissue. Fish sampled in this study were too small to provide

adequate liver samples for analyses. The concentration of metals in

this study were within the range of those reported by Reeder et ale ~~

~ ú?



3-76

(1979) for fish from a number of locations in Canada (aluminum and

iron were not included in their review). The concentrations of

cadmi um, zi nc and copper were in the upper range of thei r reported

levels.

The analyses in this study provide a base-line range of heavy metal

concentrations to which any future environ~ental contamination

involving these metals can be compared. The apparent acclimation of

fish to sub-lethal levels of some metals (Alderdice and MacLean 1982)

suggests that it is most meaningful to compare metal levels within

one system over time rather than estab 1 i shi ng threshold 1 eve 1 s based
on studies conducted within other watersheds.

ç~
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4. IMPACT ASSESSMENT

The Stage I application (CNRL 1983) identified four potential impacts

of the proposed Telkwa Coal Project on the aquatic resources in the

study area. These included:

1) The potentia' for acid mine drainage and associated heavy metal

mobil i zat ion in surface water and groundwater exi sts at the
Te'kwa Property due to the high pyritic sulphur content of some

of the coal seams.

2) Increased sedimentation of streams due to surface disturbance,

waste rock di sposa 1, coa' washi ng processes and road const ruct ion
could impact aquatic resources.

3) Water removal from streams for mine requirements during lower

flow periods might affect fish populations.

4) The access corridor to the minesite may affect aquatic resources

depending on the route selection and construction techniques.

Subsequent to the Stage I app 1 i cat ion t the above concerns have been

addressed by additional studies. The following sections describe the

more detailed assessment of these potential impacts in light of the

additional information now available.

Experi ence at some coal mi nes in the East Kootenays suggests that

leaching of nitrogen çompounds from the incomplete combustion of

explosives used in the mining operation, when combined with

phosphorus loading from domestic sewage or reclamation programs,

could cause undesirably heavy algal growths (Nordin 1982). Since the

coal mining process does not require extensive use of explosives,

nitrogen leaching Jnto surface waters should not be a significant

factor at the Telkwa Project.

~~
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ACID MINE DRAINAGE

Acid generation and associated mobilization of heavy metals can

result from the oxidation of sulphide minerals in waste rock in the

presence of air and moisture. The effects on aquatic life of
increased acidity and exposure to abnormally high concentrations of

heavy metals has been studied extensively as reviewed in Baker

(1982), Wood and McDonald (1982) and Alderdice and McLean (1982).

Much of this work has focussed on the sublethal deleterious effects

on reproduction (including embryonic development), osmoregulation,

and effects on oxygen uptake and transport.

r"'"

Evaluations undertaken since the Stage I assessment indicate that the

potential for acid generation does exist in some strata. However a

combination of careful planning in handling of these materials in

addition to the existing high buffering capability of the surface

waters and groundwater of the project area shoul d mi nimi ze the
potential for acid generation from the mine's operation (Sturn's

"'-'Repõ-r~. Based on these assessments, the potenti al threat of

increased acidity and metal mobilization to aquatic organisms within

the study area shoul d be mi nima 1.

./\

STREAM SEDIMENTATION

Sediment inputs from the mine and waste dumps, plant operation, and

associated road developments (Figure 1.2) could affect various

aspects of aquatic resources in the project area. A number of

studies have reviewed the detrimental impacts of sediment on the

spawning and rearing environment of salmonids and their food sources

(Phillips 1971; Hynes 1970; Slaney et ale 1977; Bjornn et ale 1977:

Cederholm and Salo 1979).

Most of the streams in the study area, particularly the Telkwa River,

presently have high suspended sediment loads during the snowmelt

run-off period and during periods of heavy rainfall. Over time,

aquat i c organi sms tend to adapt to these patterns, but sediment ~~
introductions at other periods may be quite harmful. For example, ~

~



Noggle (1978) demonstrated a 20-fold change in the tolerance of

salmonids to suspended sediment depending on the season, with the

least tolerance oc~ durin9 the summer period.

The stream gradient and magnitude of flow fluctuations playa large

role in a system's capability to tolerate sediment inputs. Cederholm

and Salo (1979) found that stream systems wjth a gradient less than

2% and characterized by large organic debris accumulations can retain

sediments in the substrata for long periods of time. High maximum-

minimum flow ratios tend to flush fine materials through a system in

a short period. The fish-producing sections of Goathorn and Tenas

creeks downstream of the proposed mi ne activity have a 2-3% gradi ent

(Figures 3.3 and 3.8) but a relatively low maximum-minimum flow ratio

of approximately 20: 1 compared to estimates of 400-500: 1 in coastal

systems where these compari sons are made. The Hubert and Helps
creeks slopes are less than 1% in the lower reaches, but 1-3% in the

main fish-producing sections upstream (Figure 3.12).

Much of the Telkwa Coal Project is located on relatively flat topo-

graphy suited for construction of diversion ditches around areas of

potential erosion such as waste dumps and the active mine area. As

well, settling ponds located in drainage systems below areas of

potential sediment production are proposed and should reduce sediment

production from the mine's operation.

At present, drainage from different aspects of the mine's operation

flows into a number of systems with varying sensitivity to sediment

introduction. The detailed mine and associated water management

plans are not fully complete at this time, so the following comments

on the potentfal for sediment production and the sensitivity of

various receiving waters to sediment are subject to revision based on

mine planning.

4-3
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1) Drainage from Pits 1 and 2 and at least the northern portion of

Pit 3 is directly into a wetland area of the Telkwa River via a

small, seasonal stream not important to fish production. These

wetlands (designated WL1a and WL1b on Figure 3.9) are not

utilized by fish resources and could serve as an excellent

back-up sett 1 i ng system. Thi s is a good route for the di tch and
drainage water from mine's operations te be diverted when

feasible due to the low sensitivity of the receiving waters.

, .

2) Drainage from Pits 4, 5, 6 and the southern portion of Pit 3 is

into Goathorn Creek. Most of the fi ner component of sediment

material introduced to this section of Goathorn Creek would

probab ly be carri ed through thi s fai rly hi gh-energy system into
the Telkwa River and subsequently down to the Bulkley River. In

addition to having some implications to aquatic life downstream

of the source area, there could be a deterioration of water

clarity for the Bulkley River sport fishery if adequate controls ~

are not undertaken in upstream areas. Particular attention (7~\\~~'~f:Ç;,:~:
::O~~~~~:P:~C~:~:: :~eP::p:~;::h:h:~e:~r~:::e o:o::~o:n t~;:e:: 1 i ¿~:~£:~~~

As ~~ìi~, the main haul road and bridge crossing on Goathorn ~~:~=~'~ri
Creek wi 11 have to be desi gned to ensure that sediments wi 11 be

controlled in these areas. Goathorn Creek should be considered

moderately sensitive to sediment inputs relative to other

recei vi ng waters in the study area.

3 ) Dra i nage from two proposed waste dumps on the west side of
Goathorn Creek is into Tenas Creek. This system is less capable

of deal i n9 with sediment materi al s than Goathorn Creek due to
its lower flows and more organic debris. Particular care must

be taken with any mining or waste disposal activities that drain

into Tenas Creek si nce the lower reach of thi s system is an

important ~teelhead trout spawning and rearing area. If ~he

option is available, drainage from these areas should be

directed towards Goathorn Creek and away from the more sensitive

Tenas Creek system.

~~~
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4) Drainage from the proposed east waste dump and from the plant

tailings dam is into Helps Creek. The waste dump is just

upstream of fish habitat which ends in the vicinity of the B.C.

Hydro ri ght-of-way. Cutthroat trout spawni n9 areas in Reach 1

and 2 above Helps Lake (Figure 3.12) are susceptible to possible

sediment introductions from the waste dump or from spills from

the tailings dam. Existing surface Ørainage from the stream

gull ey that is proposed to be used from the east waste dump

shoul d be di verted around the dump rather than through rock
drains. This will reduce the potential for drain plugging or

for 1 eachates from the waste enteri n9 the creek system.
Extensive wetland ponds from Helps Lake downstream would

probably serve as sediment settling areas protecting downstream

sites. If feasible, drainage from the tailings dam should be

directed towards the Telkwa River. Tributary 1 (Figure 3.9)

flows along the base of the slope in this area, and a number of

pond areas in this tributary would serve as additional settling

areas before the drai nage water entered fi sh-beari ng waters in
the lower Telkwa River.

5) Drainage from the construction camp sewage system and coal

preparation plant is towards the top end of Tributary 1 (Figure

3.9), an area of relatively low sensitivity.

4.3 WATER REMOVAL FOR MINE REQUIREMENTS

Infiltration galleries located on the Telkwa River bottomlands

(Figure 1.2) will be used ~o collect water needed for the mine's

operation. (Volume of water required will be discussed). The

proposed sitè for the infiltration galleries is near a relic channel

of the Telkwa River (designated 50R on Figure 3.9). This channel

does not presently provide fish habitat.

It is recommended that water removal avoi d the 1 ate wi nter peri od

(February to mid-April) when streamflows are lowest in the Telkwa

River. During low flow years, discharge in the Telkwa River can drop ~~
below 1 m3/sec (CNRL 1983) and any water removal during this period ~

could accentuate potential dewatering in side channel locations i~ b
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downstream sites. Removal of water at other periods should pose no

problems to the aquatic resources of the Telkwa River. Infiltration

galleries located on the Telkwa River are preferrable to water

remova 1 from Goathorn Creek whi ch can experi ence very low flows

naturally during the winter period.

4.4 ACCESS CORRIDOR ASSESSMENT

The Stage I application (CNRL 1983) identified two alternative

corridors to move coal from the mine site to the existing CN rail

line. One corridor ran north from the mine and required a crossing

of the Tel kwa Ri ver and the other ran east in the vi ci nity of Hubert

Creek. Preliminary analysis of potential impacts suggested an

easterly route would be more favourable (CNRL 1983).

Since this early assessment, the proposed location of the plant site

has been re-located further to the northeast of the property than in

the earlier proposals. Six alternate routes for a rail spur line
were considered in the east corridor route (Figure 4.1). The

preferred route (also shown on the proposed mine layout (Figure 1.2))

is the most suitable option as it has the smallest number of poten-

tial impacts to the aquatic resources in the study area.

Preferred Route - This route avoids crossing any fish-bearing streams

and is considered the best option from the aquatic resource perspec-

tive. The one area that would require special care during construc-

tion is that portion of the route located immediately adjacent to the

Bulkley River at the ,junction of the spur and main rail line. Care

should be taken to avoid introducing sediment into the Bulkley River

at this point, and the new grade should be cut back from the existing

line to avoid any encroachment on the river. This is a good

steelhead trout holding area and pink salmon are known to spawn in

the Bulkley River_ at this location. As well, juvenile sampling

indicates that steelhead trout and chinook salmon rear along the

river's edge in this section.
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Alternate Routes 1-3 - These three routes all run south and east of

Hubert Creek and join the main rail line just east of the existing

crossing of Hubert Creek. Sampling undertaken in 1983 (Bustard

1984a) indicate that fish (mainly cutthroat trout) use Hubert and

Helps Creeks to approximately the B.C. Hydro right-of-way. Route 1

crosses these tributaries upstream of the area of fish use while

Routes 2 and 3 cross these streams in at least three locations that

woul d requi re structures capabl e of passi ng fi sh upstream. Route 3
crosses at locations suspected to be used by spawning cutthroat

trout. These three routes are considerably longer than other

options, and potential for sediment production at numerous small

stream crossi ngs is greater than with other route options.

Alternate Route 4 - This route crosses Helps Creek at three locations

and involves loading facilities located adjacent to cutthroat trout

spawning areas in Helps Creek. Stream crossings, particularly in the

Helps Lake area and in Lower Helps Creek would require bridges.

Extensive beaver activity in the low gradient sections of this creek

would make culverts inoperable at crossing sites. Route 4 is the

poorest access route option.

Alternate Route 5 - This route crosses Helps Creek upstream of the

lake and then avoids any further stream crossings, staying to the

north of Hubert Creek. The main concern with this route is that the

rail loop and plant site would be located in the vicinity of an

important cutthroat trout area on Helps Creek.

G~
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5.1.1

5. ENHANCEMENT AND MITIGATION OPTIONS

A number of enhancement opportunities to increase production of fish

above present levels exist within the study streams. These proposals

are outlined as enhancement options but could be considered mitiga-

tion if impacts of the proposed mine were identified and realized at

some future date. Steel head trout enhancement is emphasi zed in

Goathorn and Tenas creeks while the lower Tel kwa Ri ver has opportuni-
ties for steel head trout and coho salmon enhancement. Coho salmon

are the most appropriate target species for any enhancement in Hubert

Creek.

GOATHORN CREEK

The two main options considered for enhancing steelhead trout popula-

tions in Goathorn Creek are steelhead trout fry plantings upstream of

Reach 1 and stream fertilization.

Steelhead Trout Fry Plantings

Goathorn Creek has 1 ittl e spawni ng opportunity upstream of the lowest
6 km. The substrate is typically a mix of cobble and small boulder,

ideal for juvenile steelhead trout rearing, but with very little

spawning gravels. Healthy fry densities in the lower reach (probably

resulting from recruitment from Tenas Creek) suggest that the stream

is capable of rearing steelhead trout juveniles, but lacks fry

recruitment upstream of the Tenas Creek confl uence.

A program of rel easi ng fed steel head trout fry into upper Goathorn
and Cabinet creeks could lead to a considerable increase in fish

production within the system. These fry would be derived from adult

steelhead trout captured in the lower creek system, with the young

fish hatched in ~ facility (possibly in conjunction with an on-going

Salmonid Enhancement Program using a hatchery presently under

construction at Toboggan Creek). Fed fry would be the most

5- 1
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appropriate to release into Goathorn and Cabinet creeks since these

systems lack shallow marginal sites suitable for newly-emerged fry

reari ng.

Estimates derived in this study (Figure 3.3) suggest that up to 23 km

of Goathorn and Cabinet,~ree~ woul d be suitabl e for steel head fry
plantings. Presently, slightly more than" 1 km appears to be

adequately seeded.

The upper Goathorn Creek Dolly Varden char popul ation may pose a
potential predator problem to these fry plantings (Horner and Bjornn

1976). Previous plantings have met with mixed success in two nearby

stream systems. Plantings of steelhead trout fry in Passby Creek in

the upper Copper River (Figure 1.1) appear to have been successful

while plantings into upper Gosnell Creek in the Morice River has not

done well based on preliminary evaluations (Lough pers. comm. 1984).

It is not known whether or not these problems are related to

interactions with Dolly Varden char.

Some in-stream development in conjunction with fry plantings to

improve spawning habitat for returning adult fish to Goathorn Creek

might be feasible. Spawning gravel pads located in side channels of

the creek system have some potential for success. Over 2 km of side

channels were identified in Reach 2 of Goathorn Creek based on air

photo analysis (Figure 3.3). It is not recommended that any main

channel spawning habitat development be attempted since Goathorn

Creek is a high energy stream system capable of moving gravel-sized

material during freshet periods.

Stream Fertilization

A second method of enhancing fish production in Goathorn Creek is to

undertake a program of stream fertilization (in conjunction with fry

planting). Macr'onutrient concentrations are extremely,deficient in

Goathorn Creek, and the production of fish food org:n~~s via both /)/

the autotrophic food chain and decomposition proces~ès'is probably ~~

~~



5-3

strongly nutrient limited. Evidence is accumulating, particularly

from studies in British Columbia, that fertilizer additions to

nutrient-deficient streams can greatly enhance their autotrophic

activity (Perrin et al. 1984) and salmonid standing crop (Slaney and

Perrin in prep.) yet maintain superior water quality. For example,

the salmonid biomass in a section of the Keogh River was doubled by

raising nitrogen and phosphorous concentrations by only a few parts

per billion with fertilizer additions.

Based on the results of thi s study, both nitrogen and phosphorus

would be required for Goathorn Creek fertilization. The studies

suggests that a 40% gain in relative specific growth rate of

periphyton may be realized with nitrogen additions before light and

temperature become 1 imiti ng (Fi gure 3.1). But, the curve assumes

phosphorus replete conditions, a status that would not be the case in

Goathorn Creek if nitrogen were added. Orthosphosphate levels are at

or near detection limits, suggesting that increases in nitrogen

concentrati ons woul d 1 i kely dri ve the system into phosphorus-l imita-
tion. Thus, the 40% differential in Figure 3.1 can be interpreted as

the specific growth added before phosphorus limitation occurs. If

phosphorus additions complemented the nitrogen additions, one would

expect a further gain in growth rate before light and temperature

would exert limitations. This growth gain could potentially be

reflected in a substantially increased organic matter base for use by

fish food organisms and subsequently by the fish themselves.

5.2 TENAS CREEK

The steelhead trout fry planting and stream fertilization options

di scussed for Goathorn Creek coul d a i so be app lied to Tenas Creek,
although there are several differences to consider.

The i ower approximately 6 km of Tenas Creek is present ly ut i 1 i zed
extensively by juvenile steel head trout. However, the two year's

G~
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of sampling data suggests that fry recruitment can vary substantially

with fry production in 1984 estimated to be only 25% of the 1983

production. The potential for fry plantings in lower Tenas Creek

will depend on whether or not the low 1984 fry production results in

low parr populations in subsequent years.

An additional 9 km of Tenas Creek upstream of Reach 1 (Figure 3.8)

presently possesses a sparse population of steelhead trout and is

suitable for fry plantings. Potential problems with Dolly Varden

char predation on fry as discussed for Goathorn Creek could also

occur with steel head trout fry planted in upper Tenas Creek. No

instream developments of spawning habitat are recommended in Tenas

Creek, as this system possesses more suitable spawning gravels than

Goathorn Creek.

A stream fertilization program similar to that outlined for Goathorn

Creek shoul d improve the productive potentia 1 of Tenas Creek.

However, logistical problems associated with fertilizer applications

to upper sections of Tenas Creek are greater due to lack of road

access.

5.3 TELKWA RIVER

A number of options exist for enhancing steel head trout and coho

salmon production in the Telkwa River. These include coho salmon fry

plantings in wetlands, steel head trout fry plantings in the Telkwa

River and tributaries, and side channel development for rearing and

spawni ng fi sh.

5.3.1 Coho Salmon Fry Plantings

Planting of coho salmon fry into those wetlands associated with the

Telkwa River that,'are presently not used due to restricted 'access

from the mainstem river is an attractive means of increasing coho

salmon production in this system. Such a program would be expensive

to undertake for a single system, but might be most effective if it ~~
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was undertaken in conjunction with an on-going program of raising

coho salmon fry for plantings presently being undertaken at a

hatchery on Toboggan Creek by the Department of Fi sheri es and Oceans.

Marshall and Britton (1980) have reviewed coho salmon smolt trapping

studies on a number of pond and small lake habitats in British

Columbia. Results from these studies indi~ate output of smolts
ranges from 9 to 110 coho salmon smolts/100 m2 of habitat, with a

mean estimate of 50 fish/l00 m2. Coho salmon smolt output of 6

smolts/100 m2 from a wetland pond adjaC~~.~e Morice River
(Bustard in prep.) suggests estimates in the lower end of the range

mi ght be more app 1 i cab i e for Te 1 kwa Ri ver wet lands. However, it is

possible that with higher fry recruitment, the Morice River pond

would have yielded higher numbers of smolts.

~..~

Pond sites at WL3 and WL5 (Figure 3.9) are particularly attractive

for coho salmon fry plantings, and assuming an output of 25 coho

salmon smolts/l00 m2, these two areas could yield 4,000 smolts. A

number of other potential sites for coho salmon fry outplantings,

including tributary streams, exist throughout the Telkwa Watershed.

5.3.2 Steel head Trout Fry Plantings

Data from the past two year's sampling programs indicate that the

Tel kwa Ri ver downstream of Goathorn Creek is used rather extensi vely

by steel head trout fry and parr. It is not cl ear whether many of

these steel head trout in the lower Telkwa River are from fish which

spawn in 'Tenas Creek. A sma II samp ling effort in the Te i kwa Ri ver

upstream of Goathorn Creek undertaken by the Ministry of Environment

suggests juvenile steel head trout abundance may be quite low (Lough

pers. comm. 1984). If this is a consistent trend, then the Telkwa

River upstream of Goathorn Creek to at least Howson Creek would be a

good potential area for steel head trout fry plantings.

~~~
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Side Channel Development

The development of potential spawning and rearing habitat in side

channels of the Telkwa River is another attractive enhancement

option. A total of 18 km of side channel habitat has been identified

in the river section downstream of Goathorn Creek (Figure 3.9).

Approximately two-thi rds of thi s channel 1 ength is presently consid-
ered potentially productive for salmonid rearing and some spawning

use. The remaining one-third consists of relic channels. These are

old river channels which have been cut off from the main river except

during highest flows and are at various stages of re-vegetation. The

relic channels with some external flow either from a tributary or

groundwater are good candi date si de channels for development.

Side channel 61R (Figure 3.9) is probably the best potential area for

enhancement work. It has an external water source (Tributary 1) that

collects seepage from the adjacent slopes and apparently flows for

most of the year. The development of an infiltration system to

increase flow at the top end of this channel in addition to some

instream work to improve substrate and habitat complexing could make

this a good site for spawning (all species including pink salmon) and

rearing fish. Side channel developments in areas with groundwater

inflows have been quite successful at other sites in B.C. (Marshall

in prep.).

HUBERT CREEK

Hubert Creek, with its extensive system of beaver dams and ponds, is

most suited to cóho salmon enhancement. Measurements taken from ai r

photos indicate approximately 3.4 ha of ponded habitat occurs

downstream of Helps Lake (Figure 3.12). Coho salmon and some

steel head trout use at least the lower portions of this system, but

access is i imi ateTI by an extensi ve network of beaver dams up to 2 m
high. Coho salmon fry plantings into these ponded areas similar to

those discussed for the Telkwa River, would probably do very well in

~~



5-7

Hubert Creek. Assuming 25 coho salmon smolts/l00 m2 of area, over

8,000 salmon coho smolts could be produced in this tributary. The

plantings should be restricted to the area downstream of Helps Lake,

as the upper system and lake possesses a resident cutthroat trout

popu i at i on.

G~
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Appendix 1. Common and Scientific Names of Fish Species Mentioned in the Text

Family

Sa I moni dae

Ca tos tomi dae

Cyprinidae

Petromyzont i dae

Common Name

Steel head trout
Rainbow trout

Cutthroat trout
Dolly Varden char

Chinook salmon

Coho salmon

Pi nk salmon

Mountain whitefish

Longnose suckers

Longnose dace

Pacifi c lamprey

Scientific .Name

Salmo gairdneri Richardson

Salmo gairdneri Richardson

Sa i mo cl arki Ri chardson

Salvelinus malma (Walbaum)

Oncorhynchus tshawytscha (Wa 1 baum)

Oncorhynchus kisutch (Walbaum)

Oncorhynchus gorbuscha (Wa i baum)

Prosopium williamsoni (Girard)

Catostomus catostomus (Forster)

Rhinichthys cataractae (Valenciennes)

Lampetra tridentata (Gairdner)

~~~
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Appendix 2. Formulas used in Deriving Fish Population estimates and Standard Errors

f\,
I) Modified Petersen Mark-and-Recapture ~o~~ui!ation Estimates (Ricker 1975)

\"-
"
N = (m + 1) (c + 1)

r + I

~ = Population estimate

- 1

m = Total number of marked fish released after the 1st pass

c = Total number of marked and unmarked fi sh in the recapture

r = Marks recaptured

S. E. (N) = N A '(N - m) (~ - c)
. \J m c (~ - 1)

2) Two-Step Removal Method (Seber and LeCren 1967)

AN =(Ui)2
Ui - U2

,.N = Population estimate
Ul = Number of fish collected in first removal

U2 = Number of fi sh co II ected in second removal

T = Total number of fish collected (Ui + U2)

S.E. (~) = (Ui)2 x

(U -i

x T(U ) 22

U ) 4
2

.. ~~
~~
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Appendi x 3. Chlorophyll a data (mg/m2) collected from replicate styrofoam substrata
at Goathorn rreek Si tes G2 and G5 Over a 6-Week Peri od, September 12
through October 17, 1984.

SAMPLING DAYS

DATE SUBSTRA T A G2 G5

(d/m/y) INCUBATED 1 2 3 4 1 2 3 4

12/9/84 7 6.3 4.4 7.3 3.5 12.8 13.7 17.4 16.6

19/9/84 14 7.4 8.5 2.3 4.6 17.4 15.2 21.8 18.3

26/9/84 21 8.9 14.2 12.6 6.9 18.5 19.9 26. i 14.2

3/10/84 28 17.3 18.3 16.4 - - - 27.5 -

10/10/84 35 22.7 17.5 21.8 - - 30.8 27.3 16.6

17/10/84 42 21.0 22.0 18.0 22.0 - 19.7 28.0 23.0

~~~



Appendi x 4. I Detailed Results of Benthic Invertebrate Sampling in Goathorn and
Ten~g~~eks and the Telkwa River, September 1984

SITE: GOATHORN CREEK - Gl DATE: 17 SEPTEMBER, 1984

INSECTA .. 1 2 3 4 5 6
~hemeroDtera

1 1
et1dae: Baetis sp.

Siph1onuri~letus sp.
1 1

Ephemrel1idae: Ephemerella doddsi
E. spfnnfera

1Heptageniidae: Rfthrogena sp.
Iron sp.
Cfnygmu1a sp. 2 1 3 2

Leptophlebiidae: Paraleptoph1ebia sp. 2
PL eco~tera

1 8 ~ 10 4
Perlo idae: Diura sp.

Isogenus sp.
Arcynopteryx sp.

Chloroperlidae: Hastaper1a sp. 1 1 1 4
Nemouridae: Nemura sp. 1 1 3 3

Nemoura sp. 2
1

Capniidae: Capnna sp. 22 7 10 10Tri choptera
larva ,Psychomyiidae: Tinodes sp.

Tinodes sp. pupa
Hydropsychidae: parapsrChe sp.

1leptoceri dae: leptoee 1 asp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyaeophi1a sp. , 1
G10ssosomtidae: Glossosoma sp. 1 ,
Di ~tera

1016 102 656Chironomidae larva 664 852 508
Chironomidae pupa ,
Chironomidae adult
Simuliidae larva
5iiil i idae pupa

5imul i idae adul t
Emididae larva 3 1 1 2
Empididae pupa
Ephydridae: Ephydra sp. larva 2 1 1 2

Ephydra sp. pupa 9 6 1 6 11Blephariceridae: Philorus sp.
Ceratopogonidae: CUlicoides sp.
Tipulidae: ¡i~Ul~ sp. 2 1 6 1n oe asp. 2 1 ,Rhagionidae: Atherix sp. 1
Deuterophlebildae: Deuterophlebia sp.
Cyclorrhapha 1

Co 1 eoptera

,Hydrophll fdae
Psephenidae
Ho~tera
Aphf ae (Terrestrial)
Cercopidae (Terrestrial)
Hymno~tera
Braconidae (Terrestrial)
Col1embola
Smfnthurfdae
HIRUDINEA 1 . 3
OLIGOCHAETA 2 1 1
ACARINA

Sphaeridae

TOAL NO. Of 1AXA 11 1 Z 13 11 11 14
TOTAL NO. 01- &87 870 1061 536 138 695

A-4
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Append; x 4. I Cont' d

SITE: GOATHORN CREEK - G2 DATE: 26 SEPTEMBER. 1984

INSECTA I 2 3 4 5 6
~hemeroPtera

7 12 3 3 9 11et1dae: Baetis sp.
Siph1onuri~letus sp. 1 1

Ephemrel1idae: Ephemere11a doddsi 8 10 4 2 11 3
E. spin1fera 1 2

Heptageni idae: Ri throgena sp. 6 21 23 10 25 6
Iron sp. 2 1 7 2 2
C1nygmu1 asp. 2

leptophlebi idae: Para 1 eptoph1ebia sp.
Pl eco§tera

6 5 3Perlo 1dae: Diura sp.
Isogenus sp.
Arcynopteryx sp. 2 3 5 16 2 3

Chloroperlidae: Hastaper1a sp. 5 3 11 10 5
Nemouridae: Nemoura sp. 1 2 8 3

Nemoura sp. Z
Capniidae: Capn1a sp. 3 5 14 15 5 2
Tri choptera
PsychomY11dae: Tinodes sp. larva 2 2 6 3 1

Tinodes sp. pupa 1

Hydropsychidae: parapsrche sp. 4 4 1

leptoceridae: Leptoce1 asp.
Brachycentri dae: Brachycentrus sp.
Rhycacophil idae: Rhyacophi1a sp. 2
Glossosomatidae: Glossosoma sp. 2 1 2 1 ::

.Di ptera
ZCh i ronomi dae 1 a rva 6 4 1 1 3

Chironomidae pupa 2 1

Chironomidae adult
Simuliidae larva 1

Simuli idae pupa
Simuliidae adult

Emididae larva
Emididae pupa
Ephydridae: Ephydra sp. larva

Ephydra sp. pupa
Blephar1ceridae: Philorus sp.
Ceratopogonidae: CU11C01des sp.
Tipulidae: ¡i~Ul~ sp.

n oc asp.
Rhagionidae: Atherix sp.
Deuterophl ebi 1dae: Deuterophl ebia sp. J 1

Cyc 1 orrhapha 1

Co 1 eoptera
Hydroph111dae
Psephenidae 2
Hom§tera
Aph1 ae (Terrestrial)
Cercopidae (Terrestrial)
Hymno~tera
Bracon1dae (Terrestrial)
Collembola
Sm1nthur1dae
HIRUDINEA l 2 i b 1 2
OLIGOCHAETA 2 i 1 1 3

AGAR I NA

Sphaeridae

TOTAL NO. 01" IAXA II ii 13 lU 15 14
TU1AL NU. Ut 44 76 /I 103 74 42

~~~



Append; x 4. I Cond i d

SITE: GOATHORN CREEK - G3 DATE: 19 SEPTEMBER. 1984

INSECTA 1 2 3 4 5 6~htmeroDtera
8 5 4 1 7 5

e idie: Baetis sp.
Siphlonuri~letus sp.
Ephemre 11 idee: Ephemere 11 i dodds f

6 3 3
E. sp1nfferi

Heptigenffdee: Rfthrogena sp. 13 6 17 3 2 1Iron sp. 2 5 2 4 ~C'nY~11 sp. 3 7 7Leptophlebffdae: Para eptophlebfa sp.
Pl eco~tera

3 4 1
Perlo 1dae: Diura sp.

Isogenus sp. 2 5 1 2Arcynopteryx sp. - 5 12 35 5 7Chloroper1fdae: Hastaperla sp.
2 28 55 7 1Nemuridae: Nemoura sp. 1
2 2 36 1 4 1Nemoura sp. 2

Capnffdae: Capn1a sp. 17 24 64 17 1Trichoptera
Psychomy1idae: Tinodes sp. larva 3 3 10 1 1

Tinodes sp. pupa 1Hydropsychfdae: parapsrche sp.
1 1 4Leptoceridae: Leptoce1 asp.

Brachycentri dae: Brachycentrus sp.
Rhycacophilfdae: Rhyacophila sp.
Glossosomatidae: G10ssosoma sp.

1 4Df ptera

1
Chironomidae larva 14 3Chironomidae pupa

1 1 4
Chironomfdae adult
Sfmulifdae larva

2Sfmul f idae pupa
Sfmuliidae adult

Emididae larva
Empi di dae pupa
Ephydridae: Ephydra sp. larva

1
Ephydra sp. pupa

Blepharfcerfdae: Philorus sp.
Ceratopogonidae: CU11co1des sp.

ITipulidae: Ái~Ul~ sp.
n oc a sp.

Rhagionidae: Atherix sp.
I

Deuterophlebi idae: Deuterophlebia sp.
3Cyclorrhapha

Co 1 eoptera
Hydroph i 11 dae
Psephenidae
Homo~tera
Aph1 ae (Terrestrial)
Cercop1dae (Terrestrial)
Hymno~tera
Bracon1dae (Terrestrial)
Co 11 embo 1 a
Smi nthur1 dae

HIRUDINEA
1 4 IS 4 l 1

aLl GOCHAET A
1 4

ACARINA
Sphaeridae

2

IUIAL ftu. Ut 1I"',A 14 J6 19 14 IJ 9TOTAL NO. nUt 63 Ibl 277 52 41 30

~~~



Appendix 4.1 Cont1d

SITE: GOATHORN CREEK - G3A DATE: 19 SEPTEMBER. 1984

INSECTA 1 2 3 4 5 6
~hemeroPtera

3 4 8 9 7etidie: Baetis sp.
Siphlonuriarletus sp. 1 1

Epheerel'J i4lei- EphemereHI -doddsi-- . Tl -ö-

E. spinifera
Heptageniidae: Rithrogena sp. 9 1 8

Iron sp. 1 8
Cinygmula sp. ,

Leptoph1ebiidie: Paraleptophlebia sp.
Pl eco§tera
Perlo idie: Diura sp.

Isogenus sp.
Arcynopteryx sp. 2 2 4 2

Chloroperlidae: Hastaperla sp.
§ 12 4 F.

Nemuridae: Nemoura sp. 1 ?
§ 4 5

Nemoura sp. 2
Capniidae: Capnia sp. " " ? 1 2
Tri choptera
Psychomyiidae: Tinodes sp. larva 2 ~ ~ 4 ? ::

Tinodes sp. pupa 1

Hydropsych1dae: prap~rche sp. 1 1

Leptoceri die: Lep oce a sp. 1

Brachycentridae: Brachycentrus sp.
Rhycicophilidae: Rhyacophi1a sp.
Glossosomatidae: Glossosoma sp. .3 2 4 1 1

Di ~tera
, 2 1 1 2Chironomidae larva

Chironomidae pupa 1
Chironomidae adult
Simuliidae larva 1

S1muli idie pupa 1 -1
Simuli idae adul t
Emididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva

Ephydra sp. pupa
Blephariceridae: Philorus sp.
Ceritopogonidae: Cul icoides sp.
Tipu11dae: ~i~Ul~ sp. , 1

n oc a sp. .
Rhagionidae: Atherix sp.
Deuterophlebi idae: Deuterophlebia sp. 1 1

Cyc 1 orrhapha
Coleoptera
Hydrophl11dae
PsephenidaeHom§tera .

,Aphi ae (Terrestrial)
Cercopidae (Terrestria 1)
Hymno~tera
Braconidae (Terrestrial)
Collemola
Sminthuridae
HIRUDINEA 1 4 1 2 --
OLIGOCHAETA 1 1

ACAR I NA

Sphaeridae

TOTAL NO. Of lAXA 9 19 17 16 12 15
T01AL NU. OF ~" §:: 73 60 31 41

~~~



Appendix 4. i Cont i d

SITE: GOATHORN CREEK - G4 DATE: 18 SEPTEMBER, 1984

INSECTA 1 2 3 4 5 6
~htm~roDtiia

4 5 6 21 11 7e i ae: etis sp.
Siphlonuri~letus sp.
Ephemrellidae: Ephemerell. doddsi ~ ~ 7

E. sp1n1fera
Heptageniidae: R1throgena sp. ii: I: i! i:~

Iron sp. i 10 I i i
C1nygmula sp. _i!

Leptophlebiidae: Para1eptophlebia sp.
Pieeostera

2 2 7 5 8 1
Perlo 1dae: Diura sp.

Isogenus sp. .
Areynopteryx sp. 2 2 17 9 13 2Chloroperlidae: Hastaperla sp. 17 32 8 14 2Neuridae: Nemura sp. i 15 8 4 3 2 --
Nemoura sp. 2 1 1

Capniidae: Capn1a sp. 1 8 9 11 39 2
Tr1 ehoptera

8Psyeh~11dae: Tinodes sp. larva 1 4 2 4 4
T1nodes sp. pupa 1 1

Hydropsyeh1dae: parapsrehe sp. 3 2
Leptoeeri dae: Leptoee 1 asp.
Braehycentridae: Braehyeentrus sp.
Rhycacophilidae: Rhyaeophi1a sp.
Gl ossosom t i dae: G1 os sosoma sp. 3 3 i
Di ptera

1 1Chironomidae larva 7 1
Chironomidae pupa 1 1 2
Chironomidae adult
S1mul1idae larva 1
Simu1i idae pupa
Simul i idae adul t
Emididae larva
Enididae pupa 4
Ephydridae: Ephydra sp. larva 1 1

Ephydra sp. pupa
Blephar1ceridae: Philorus sp.
Ceratopogon1dae: CU11C01des sp. i
Tipul1dae: ~i~ul~ sp. 2

n oe asp.
Rhagionidae: Atherix sp. 1 1
Deuterophleb11dae: Deuterophl eb1a sp. 3 1 1

Cyclorrhapha i!
Coleoptera

1
HYdroph111dae
PsephenidaeHostera .

1Aph1 ae (Terrestrial)
Cercop1dae (Terrestrial)
Hymno~ter.
Bracon1dae (Terrestrial)
Collemola
Sa1nthur1dae
HIRUDINEA 1 2 2 7 1 ..
OLIGOCHAETA 1 1

ACARINA 1

Sphaeridae

IUIAL NO. Uf lAXA 18 a 17 zo 15 t6
IU IAL NU. Ut II 104 130 126 130 53

~~~



Append; x 4. I Cont i d

SITE: GOATHORN CREEK - G5 DATE: 20 SEPTEMBER. 19B4

INSECTA 1 2 3 4 5 6~hemeroPtera
33 12 . 14 16 12 33

et1die: Baetis sp. .
Siphlonuri~letus sp. 1 3
Ephemre11idae: Ephemre11a doddsi 5 3 7 9 3E. spimfera 2 3 2
Heptlgeni idie: R1 throgena sp. 72 31 38 41 29 3Iron sp. 3 1 5 6 4t1nY~la sp. 6 1 5 4 2
leptophlebi idae: Para eptophlebia sp.
Pl ec~tera

3 8 2 6 6 8Perl idae: Diura sp. .
Isogenus sp.
Arcynopteryx sp. 4 5 7 1? 1

Chloroperlidae: Hastaperla Sp. 19 12 9 4 1.
Neuridae: Nemura sp. 1 4 1 3 ~

Nemoura sp. 2 1Capniicle: tapn1a sp. 10 26 8 18 4: 3Trichoptera
6 1

Psycho~lldae: Tinodes sp. larva 4 1 4 1
T1nodes sp. pupa

Hydropsych1dae: parapsrche sp. 3
leptoceridae: Leptoce1 asp. 1
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyacoph11a sp.

1
Glossosomtidae: Glossosoma sp. 3 2 1 2
D1 ptera

3Chironomidae larva 5 4 1 5 10Chi rono.idae pupa
1 1 1 1

Chironomidae adult
Simuli idae larva
Sinnl i idae pupa 1 1 1Simul i idae adul t

1

Emidicle larva 2 1 2
Emidicle pupa
Ephydridae: Ephydra sp. larva 2

Ephydra sp. pupa
81ephariceridie: Philorus sp.
Ceratopoonidae: tulic01des sp.

1TipuHcle: Áieul~ sp. 1

n oc a sp. .
Rhag1onidae: Atherix sp. 3 1Deuteroph1ebiidae: Deuterophlebia sp.
Cyclorrhapha
Co 1 eoptera
Hydrophi 1 idae 2Psephenidae
Hom~tera
Aphi ae (Terrestrial)
Cercopidae (Terrestrial) 1

Hymno~tera
Braconidae (Terrestrial)
Coll_ola
Sm1nthuridae 1
HIRUDINEA iu í! 11 17 6
OLIGOCHAETA 5
ACARINA
Sphaeridae

TOTAL ,.. U~ HUlA ZO 113 14 19 ZO 21
TUI"l NU. U~ 182 LZ9 98 148 172 157 ~~~



Append1 x 4. I Cont' d

SITE: GOATHORN CREEK - GSA DATE: 27 SEPTEMBER. 1984

INSECTA 1 2 3 4 5 6
~hemeroPtera

3 17 11 13 16 37et1dae: Baetis sp.
Siphlonuri~letus sp.
Ephemre11idae: Ephemerella doddsi ~ !) 10 3 2

E. sp1n1fera
Heptageniidae: Rithrogena sp. 10 l. a 32 18 13

Iron sp. i 3 ~ 3 7
C1nygmula sp.

Leptophl ebi idae: Para 1 eptophlebia sp. , 1 Q 7 2Pl ec~tera
2 12 8 11 9 12

Perl 1dae: Diura sp.
Iso.genus sp.
Arcynopteryx sp. 3 6 5 9 8Chloroperlidae: Hastaperla sp. 1 S 6 14 10 11Nemuridae: Nemura sp. 1 14 14 10 17 B
Nemoura sp. 2

Capn11dae: Capnn sp. 21 12 2A 33 56Tri choptera
5 3 7 10 fiPsychomy11dae: Tinodes sp. larva

Tinodes sp. pupa 1 2Hydropsych1dae: parapsrche sp. 4 1 1Leptoceridae: Leptoce1 asp.
Brachycentri dae: Brachycentrus sp.
Rhycacophi1idae: Rhyacoph11a sp.
Glossosomatidae: Glossosoma sp. 1 1

Di ~tera
12 7 4 12 4Ch 1 ronomi dae 1 arva

Chironomidae pupa 4 1 3 1
Chironomidae adult
Simuli i dae 1 arva

Simul i idae pupa
Simuliidae adult
Emididae larva 1 3 2
Empididae pupa

Ephydridae: Ephydra sp. larva
Ephydra sp. pupa

Blephariceridae: Philorus sp.
Ceratopogonidae: CU11C01des sp.
Tipulidae: Áieui~ sp. 1

n oc a sp.
Rhagionidae: Atherix sp.
Deuteroph1ebi 1dae: Deuterophlebia sp.
Cyclorrhapha
Coleoptera
Hydroph1l1dae
Psephenidae
Homo~tera
Aph1 ae (Terrestrii1)
Cercopidae (Terrestrial)
Hymno~tera

1Bracon1dae (Terrestrial)
Collemo1a
Snl1nthur1dae
HIRUDINEA 9 2 10 4 1
OLIGOCHAETA 1

ACARINA

Sphaeridae

TUtAL NU. U~ lAllA 10 19 15 15 H) 15
TOTAL NO. Of ~6 139 109 159 153 168

~~~



Append; x 4. I Cont i d

SITE: TENAS CREEK - Tl DATE: 12 SEPTEMBER. 1984

INSECTA 1 2 3 4 5 6
~hemeroPtera

-Z4 7 A c; 10 4etidae: Baet;s sp.
Siphlonuri~letus sp. 3 . 1 2
Ephemre 11 i dae: Ephemere 11 a dodds i 2 2 2 2 6

E. spinifera 1 1
Heptageni idae: Rithrogena sp. 2 4 5 13 7 J3Iron sp. 4 1 7 12 17 8

Cinygmula sp. 2 2Leptophlebiidae: Paraieptophlebia sp. 3 1 3
PL eco~tèra

8 2 1 1 12 6Perlo idae: Diura sp.
Isagenus sp. .
Arcynopteryx sp. 10 5 2 3 8 13Chloroperlidae: Hastaperla sp. 4 2 2

Nemuridae: Nemoura sp. 1 1 1 1 4 3
Nemoura sp. 2 1 1 1Capniidae: Capnia sp. 2 2 3 2 7 2Trichoptera

1
PsychomY1idae: Tinodes sp. larva 2 2 1

Tinodes sp. pupa
Hydropsychidae: parapsrche sp. 5
Leptoceridae: Leptocel asp.

1 1
Brachycentri dae: Brachycentrus sp.
Rhycacophilidae: Rhyacophila sp. 3 2 1 2
Glossosomtidae: Glossosoma sp. 4 1 6 8 2
Di ~tera

17 12Chi ronomi dae 1 arva 180 57 7 8
Chironomidae pupa 1 1 1
Chironomidae adult 1

Simuliidae larva
Simul i idae pupa
Simuliidae adult
Emididae larva
Eøididae pupa
Ephydridae: Ephydra sp. larva 1 J i

Ephydra sp. pupa
Blephariceridae: Phi10rus sp.
Ceratopogonidae: Cul icoides sp.
Tipulidae: ¡i~u1~ sp.

n oc a sp. i
Rhagionidae: Atherix sp. 2
Deuterophlebiidae: Deuterophlebia sp.
Cyclormapha 1 1

Co 1 eoptera
Hydrophl1 idae
PsephenidaeHom~tera .
Aphi ae (Terrestrial)
Cercopidae (Terrestria 1)
Hymno~tera
Braconidae (Terrestrial)
Collembola 

SlIl1nthurldae,
4HIRUDINEA L 1 4 6 .

OLIGOCHAETA 1 1 1 1
ACARINA
Sphaeridae

IUI"L NO. ut' ."11" 19 I IS 14 17 4:1 15
.!l)uu. NO. OF 251 95 41 7U i 14 ia

~~~



Appendi x 4. 1 Cont i d

SITE: TENS CREEK - T2 DATE: 28 SEPTEMBER. 1984

INSECTA 1 2 3 4 5 6

tihtmeroDtera 75 19 . 5 93 72 23e idie: Baetis sp.
Siphlonuri~letus sp.
Ephemrellidae: Ephemerelll doddsi 6 5 'T 6 7 1E. spiniferi
Heptageniidie: Rithrogena sp. 31 15 18 18 23 19

Iron sp. 12 1 4 6 29 21Cinyrnli sp. 1
Leptophlebiidie: Piri eptophlebii sp. 6 1 1 2
PL ecosteri

7 23 7Perlo idie: Diura sp.
Isogenus sp.
Arcynopteryx sp. 28 8 4 14 19 4Chloroperlidie: Histaperli sp. S 3 4 4 16 13Neuridae: Nemuri sp. i 11 2 3 48 4
Nerouri sp. 2 1

Capniidae: Cipnii sp. 27 -; 24 11 22 2Trichopteri
1 arviPsycho~i idie: Tinodes sp. 3 1 1 1 4 6

Tinodes sp. pupi
Hydropsychidie: plrlPs~che sp. 3 3 2 2 29 14
Leptoceridie: Leptoeel asp.
Brachycentridie: Brachyeentrus sp.
Rhycacophilidae: Rhyicophili sp. 1
Glossosomtidae: Glos$osom sp. ì 3 3 5
Diptera

2 2 2 2 6Chi ronomi die 1 arva
Chironomidae pupa 1 2 1

Chironomidae adult
Simuliidie larva 1 1

Simu1i idae. pupa
Simuliidae adult

Emididae larva
Enididae pupa
Ephydridae: Ephydra sp. larva 5

Ephydra sp. pupa
Blephariceridae: Philorus sp.
Ceratopogonidae: Cul icoides sp.
Tipulidae: Åi~ul~ sp.

n oe a sp.
Rhagionidae: Atherix sp. i 'T i
Deuterophlebiidae: Deuterophlebia sp.

TCye 1 orrhapha
Coleoptera
Hydrophi lidae
Psephenidae
Homstera
Aphi ae (Terrestrial)
Cereopidae (Terrestrial)
Hymno~tera
Braeonidae (Terrestrial)
Co 11 embol a 

Sli nthuridae
HIRUDINEA T 5 -s
OLIGOCHAETA 1 2
ACAR I NA
Sphaeridae

TOTAL NO. OF TAXA 14 ìT ìD Ib Ib IT
lUIAL NO. OF '17 7n 77 171 ini; 11n ~~~



Append; x 4. I Cont i d

SITE: TELKWA RIVER - SCI DATE: 14 SEPTEMBER 1984.

INSECTA 1 2 3 4 5 6~hemeroPtera
1 3 2 2 2 3

et idae: Baet; ssp.
Siph1onuri~letus sp. iEphemre11idae: Ephemere11a doddsi

3 1
E. spln1fera -- 1 -;

Heptageniidae: R1throgena sp. 3 4 8 1 5Iron sp. 1 3 '4CinY~la sp.
Leptophlebiidae: Para eptophlebia sp.
Plec~tera

25 10 3 4 3 4
~erl idae: Diura sp.

Isogenus sp.
Arcynopteryx sp. 2 T 2 ~. ~ 2Ch1oroperlidae: Hastaperla sp. 2 5 4 4 2 T3Nemouridae: Nemura sp. i

1 1Nemoura sp. 2
Capnifdae: Capn1a sp.

1Trichoptera
Psycho~11dae: Tinodes sp. larva

1
T1nodes sp. pupa T 1Hydropsychidae: parapSrChe sp.

Leptoceridae: Leptoce1 asp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyacoph11a sp.
Glossosomatidae: G1ossosoma sp.

1 2Di ptera
10 28 7 5 3 15Chironomidae larva

Chironomidae pupa 2 . T T
Chironom;dae adult
Simuliidae larva
Simul i idae pupa

1 --Simul i idae adult .
Emididae larva
Emididae pupa
£phydridae: Ephydra sp. larva

ì
Ephydra sp. pupa

1B1ephariceridae: Ph;lorus sp.
Cera topogon i dae: Cu 11 CO 1 des sp.

Tipulidae: ~i~ul~ sp.
n oc a sp.

Rhagionidae: Atherix sp.
1Deuteroph1ebi1dae: Deuterophlebia sp. 1

Cyclorrhapha T
COleoptera
Hydroph111dae
Psephenidae

1 THomo~tera .
Aph1 ae (Terrestrial)
Cercopidae (Terrestrial)
Hymno~tera
Braconidae (Terrestrial)
Col1embo1a
Sm1 nthur1 dae

HIRUDINEA .1 2 5 T 2
OLIGOCHAETA 1

-,
ACAR I NA
Sphaeridie

~llDF TAXA 11

:f 12 15 12 16NO. Df liD .12 46 43 55

~~~



Append; x 4. I Cont i d

SITE: TELKWA RIVER - SC2 DATE: 29 SEPTEMBER, 1984

INSECTA 1 2 3 4 5 6
~htmroDtera

16 8 4 2 2 9e 1 ae: Baetis sp.
Siphlonuri~letus sp. . ::

Ephemrellidae: Ephemerella doddsi , ii !! 13

E. sp1n1fera 1 4 1 R

Heptageniidae: R1throgena sp. 1 13 41 6. 59 2
Iron sp. 4 3 4
t1nY~la sp. a

Leptophlebiidae: Para eptophlebia sp. 1 1

Pl ee~tera
19 11 3 5 4Perl 1dae: Diura sp.

Isogenus sp.
Areynopteryx sp. 22 43 2B 25 8 49

Chloroper11dae: Hastaperla sp. 11 8 48 49 7 4~
Neuridae: Nemura sp. i 20 15 ~ 7 4 12

Nemura sp. 2
Capnitdae: Capn1a sp. 3 9 1 2 ~ ~

Triehoptera . c.
2 ,Psyehomy 11 dae =:Ti nodes sp. larva 1 3 1 1

': T1nodes sp. pupa
HydropsyehTdaé: paraps~ehe sp. 19 14 5 28 21
Leptoeeridae: Leptoeel asp.
Braehyeentridae: Braehyeentrus sp. 1

Rhyeaeophilidae: Rhyaeoph11a sp. 1 2 1 2
Glossosomtidae: G1ossosom sp. 3 2 1 6 4
Di ptera

104 33 9 28 12 15Chironomidae larva
Chironomidae pupa
Chironomidae adult
Simul i idae larva 4 2
Simul i idae pupa 1

Simu1iidae adult

Emididae larva 2 1 1

Empididae pupa
Ephydridae: Ephydra sp. larva 1

Ephydra sp. pupa 1

Blepharieeridae: Phi10rus sp. 1 1

Ceratopogonidae: tU11eo1des sp. ,
Tipulidae: ~i~ul~ sp. 1

n oc a sp.
Rhagionidae: Atherix sp.
Deuteroph 1 ebi1 dae: Deuteroph 1 ebi a sp.
Cye 1 orrhapha 1

Coleoptera
Hydroph111dae
Psephenidae 1Homostera .
Aph1 ae lTerrestrial)
Cereopi dae (Terrestrial)
Hymno~tera
Braeon1dae (Terrestrial)
Collemola
SS1nthur1dae
HIRUDINEA 1 1

OLIGOCHAETA Z

ACARINA 1

$phaeridae

TOTAL NU. Ut i""" 18 19 17 19 16 19
IUIAL NU. Of 216 It!!! lit! ZU3 260 Z03

~~~



Appendix 4.2 Supplemental Benthos Sample Site Description

SITE G3A

Location: Goathorn Creek - Downstream of G3 approximately 80 m (vicinity of old
McNeil Mine). Bench mark located on the right side.

Sample No. 2 3 4 5 6

Dist. from BM (m) 19 20 21 23 24.5 26.5
Depth (cm) 18 18 21 23 31 14
D 50 (cm) I 2 I 3 6 4
D 90 (cm) IO 10 10 12 20 16

Avg. Water Vel oci ty 0.77 m/sec

SITE G5A

Location: Goathorn Creek - The site is located approximately 10 m downstream of
the periphyton sample blocks at the old upper bridge crossing site. Bench
mark on right side.

Sample No. I 2 3 4 5 6

I .5 m above
Di st. from BM (m) 7 9 11 13 15 16
Depth (cm) 19 19 28 32 14 I a

D 50 (cm) 5 3 4 4 2 4

D 90 (cm 13 12 13 11 13 14

Avg. Water Velocity 0.70 m/sec

~~~
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Appendix 5. Detailed Resul ts of Drift Samples in Goathorn Creek, September 1984

1
Aq /T 2

SITE G2 SITE G5
INSECTA Stage Day Ni ght Day Ni ght
Ephemeroptera
Baetidae: Baeti s sp. N Aq 2 23 28 50

Baetis sp. A Aq 10 96 33
Siphlonuridae: Ameletus sp. N Aq 2 1 4 3

Ameletus sp. A Aq
Ephemere II i dae: Ephemerell a dodds i N Aq 6 3 10 5

Ephemere 11 a dodds i A Aq 4 5
Ephemerella spinifera N Aq 2 3 7

Ephemerella spinifera A Aq 25 4
Heptageni idae: Rithrogena sp. N Aq 1 2 28 62

Rithrogena sp. A Aq 15 86 36
Iron sp. N Aq I 9 13 11
Iron sp. A Aq 6 24
Ci nygmul a sp. N Aq 2 7

Pi ecoptera
Perlodidae: Diura sp. N Aq IO 6 i

Diura sp. A Aq ~ 1 2
Arcynopteryx sp. N Aq 11 11
Arcynopteryx sp. A Aq 4

Chloroperl idae: Hastaperla sp. N Aq 1 9 12 13
Hastaperla sp. A Aq 1 1 16 2

Nemouri dae: Nemoura sp. 1 N Aq 4 10 34
Nemoura sp. 1 A Aq 1 8 4
Nemoura sp. 2 N Aq 1

Capniidae: Capnia sp. N Aq 6
Tri choptera

i 3 9Psychomyi idae: Ti nodes sp. L Aq
Tinodes sp. P Aq 4 16 30
Ti nodes sp. A Aq 2 2 8

Hydropsych i dae: Parapsyche sp. L Aq 1 6
Parapsyche sp. A Aq 1 2 2

Rhyacophil idae: Rhyacoph i 1 a sp. P Aq 1

GI ossosoma ti dae: Glossosoma sp. L Aq 1

Di ptera A T 7 19
Ch i ronomi dae L Aq 9 36 19 11
Ch i ronomi dae P Aq 2
Chironomidae A Aq 1 1 11 4
Simul i idae L Aq 1 4 4
Simul i idae P Aq 2
Simul i idae A Aq 2 2
Empididae A Aq 1 7

Ephydridae: Ephydra sp. A Aq 6 2 12 5

Ceci domyi i dae A Aq !: 5 4
Tipulidae: Tipula sp. A Aq 1 8 6
Deuteroph i ebi i dae: Deuterophl ebia sp. L Aq 3 3 1 6
Do Ii chopod i dae A Aq 1 2
Bibionidae A T 3 2 2
Muscidae A T 3 2 1 !: 13
Coleoptera

i 1 ~~Dytiscidae A Aq
Chrysome Ii dae

: ~
1 1

~ ~~-Staphyl inidae



Append; x 5 Cont 'd

Hetero~tera
A Aq 13 7Corixi ae

Lygaeidae A T
Homo~tera

A T I 2 4Aphi ae
Membracidae A T 1

Ful goridae
À T 1

Cercop i dae A T 1 5
Hymenoptera
Ichneumon1dae A T 13 12
Formicidae A T 12 3
Braconi dae A T 1 2
Tri chogramma t i dae A T 1

Tenthredinidae L T
Lep i doptera
Geometridae A T 2
Lymantri i dae L T
Coll embol a

Podur; dae A Aq I

ACARINA Aq I
ARANEAE T 5 1 3
OLl GOCHAET A Aq 2

TOTAL NO. OF TAXA 35 33 43 43
TOTAL NO. OF ORGANISMS 109 144 553 443

1 Stage N = Nymph L = Larva P = Pupa A = adul t

2 Aq/T Aquatic or Terrestrial
G2 - September 21, 1984

G5 - September 20, 1984

~~~
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Appendi x 6. 1 Length and Wei ght Characteri sti cs of Fi sh Analyzed for Stomach Contents.
September 1984

Site G2 - Steel head Site G5 - Dolly Varden Char

FISH LENGTH WEIGHT FISH LENGTH WEIGHT
Number (mm) ( g) Number (mm) (g)

1 103 14.4 1 126 17.5
2 93 11.6 2 113 14.3
3 125 20.8 3 112 12.7
4 125 23.9 4 90 8.7
5 104 17. a 5 80 6.4
6 111 18.0 6 115 14.5
7 107 14.6 7 175 66.1
8 75 6.7 8 180 79.3
9 120 20.9 9 173 66.0

10 118 19.1 10 134 24.8
11 105 17.1 11 150 45.8
12 93 12.4 12 122 17.3

13 88 9.2 13 83 7.4
14 67 6.9 14 157 51. 7

15 80 7.9 15 113 12.8
16 78 8.3 16 91 8.9
17 86 9.3 17 167 51.9
18 80 9.0 18 137 26.6
19 76 8.0 19 137 25.9
20 93 11. 7 20 84 7.9
21 79 7.7 21 73 4.2
22 94 12.2 22 73 5.2
23 85 9.0 23 79 4.8

.
82 6.524 78 8.0 24

25 72 6.5 25 67 4.1

Mean 93.4 12.4 Mean 116.5 23.7
Range 67 -125 6.5-23.9 Ra n g e 67 -180 4.1-79.3

~~~



Appendix 6.2 Detailed Rêsults of Stomach Samples From Steel head Trout and Dolly
Varden Char 1 n Goathorn Creek ~ September 1984

SITE: G2 DATE: Septemer 26. 1984 SPECIES: Steel head Trout

INSECTA
~herrroPtera

et1dae: Baet,s sp.
Baetis sp.

Siphlonuri~letus sp.
Ephemrell idae: E. doddsi

E. sp1nifera
Eo sp1n1fera

Heptageniidae: Rithrogena sp.
Rithrogena sp.
Iron sp.
Iron sp.
t1gmula sp.

PL eco~tera
Perlo idae: Diura sp.

J:opteryx sp.
Arcynopteryx sp.

Chloroperl idae: Hastaperla sp.
Hastaperla sp.

Capni idae: Capn ia sp.
Nemouridae:~ra sp. 1
Trichoptera
Psyehomyiidae: Tinodes sp.

Ti nodes sp.
Hydropsyehidae: Parapsyche sp.
Brachycentri dae: Brachycentrus sp.
Glos~osomatidae: Glossosoma sp.
Di ~tera
Chiroiiomidae
Chi ronomi dae
Simul i idae
Simul i idae
Ephydridae: Ephydra sp.
Muse i dae
Syrphidae
Bibionidae
Col eoptera
Dytiscidae
Carabidae
Chrysomel idae
Staphyl i nidae
Heterogtera
Corrxi ae
Homoptera
Cereop1dae
Membraei dae
Cieadell idae
Ful goridae
Aphidae
Hyrno~tera
fOnf1e1dae
Tenthredinidae'
Iehneumnidae
Lepidoptera
Geometr1dae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

1 2
9Stage Aq/T 1 2 3 4 5 6 7 8

N Aa 1 2
A Ao 2 1
N Ao
N An 1

N Ao 4
A Ao
N An 1 1 1
A Ao -I
N Ao 10
A An
N Ao

AQ

Aq
\Q

\Q i
q 1

q
A q
N Ao 1

A Ao
L Ao
P Ao
L Ao 1

L Ao
L AD 2 1 t t
A T 1
L Ao 1
A AD

L AD

A Aa
A AQ

A T 1
A T
A T

A T 1

A Ao
A T
A T 1
A T 1

A Ao 1 2 1 3

A T 1 1

A 1
A

A

A

A T 1
A i
A 1 1
A

L 1
L

T
T

1

1 Stage: N . Nyh L . Larvae P . Pupa A . Adult

2 Aq/T: Aquatic or Terrestrial ~~~
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SITE: G2

INSECTA
. ~hemeroPtera

et;dae: Baet.s sp.
Ii sp.

S;ph1onuri~letus sp.
Ephemere 11 i dae: E. dodd s i

E. spinifera
E. spi ni fera

Heptageniidae: Rithrogena sp.
Ri throgena sp.
Iron sp.
Iron sp.
!1gmula sp.

Pl ecoätera
Perlo idae: Diura sp.

iropteryx sp.
Arcynopteryx sp.

Ch1oroper1 idae: Hastaperla sp.
Hastaperla sp.

Capniidae: C~pnia sp.
Nemouridae: emoura sp. i
Tr; choptera
Psychomyiidae: Tinodes sp.

T;nodes sp.
Hydropsychidae: Parapsyche sp.
Brachycentridae: Brachycentrus sp.
G1ossosomatidae: Glossosoma sp.
Di etera
Ch i ronomi dae
Ch i ronomi dae
Simu1 iidae
Simul iidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
Dyt i sc i dae
Carabidae
Chrysomel idae
Staphyl inidae
Hetero~tera
Corixi ae
Homoptera
Cercopidae
Membracidae
Cicadell idae
Fu1goridae
Aph idae
Hymno~tera
Fo""icidae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometridae
Sphingidae
ARANEAE
ANNELIDAE
MJLLIPEDEA

DATE: September 26. 1984 SPECIES: Steel head Trout

1

Aq/lStage 10 11 12 13 14 15 16 17 18

N Aq 1 3 1
A A
N

N

N

A

N

A

N

A

N A

A A 2
N A

N A

A A

N A i
A

A

N i
A

L

P A

L

L

L i 6 i
A 2
L

i

1

2

\Q i

A Ao i

A T
A

A

-A
A

A T i i

i

i

T
T

1 Stage: N . N~h L . Larvae P · Pupa A . Adu1 t

2 Aq/T: Aquatic of Terrestria1

~~
~~
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SITE: G2

INSECTA
Ephemeroptera
Baet1dae: Baet.s sp.

- Baetis sp.Siphlonuri~letus sp.
Ephemerell idae: E. doddsi

Eo spinifera
E. spinifera

Heptageniidae: Rithrogena sp.
Ri throgena sp.
Iron sp.
Iron sp.
tTgmula sp.

DATE: Sept!ber 26, 1984 SPECIES: Steelhead Trout

1 2
Stage Aq/T 19 20 21 22 23 24 25

N AQ

Aa
A

5

A A 3
N ~

A ~

N ~

A 1

1

A A

A

N

A 1
i 1
P
L

T
L 1 2 1
A
i 2
A ~

1
L

A

A q
A

A T
A T
A T
A Aa
A T 1
A T
A T

A Aa 1

A T 1 1
T 1

, T 1
T

T

A T i
T

A T
A T

T
T

T
T
T

Plecoptera
Perlodidae: Oiura sp.

ÄÄopteryx sp.
Arcynopteryx sp.

Chloroperl idae: Hastaperla sp.
Hastaperla sp.

Capni idae: c~pn;a sp.
Nemouridae: emoura sp. i
Tri choptera
Psychomyi idae: Tinodes sp.

Tinodes sp.
Hydropsychidae: Parapsyche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Oi etera
Chironomidae
Chironomidae
Simul i idae
Simul lidae
Ephydridae: Ephydra sp.
Musc i dae
Syrph i dae
Bibionidae
Coleoptera
Dytiscidae
Carabidae
Chrysomel idae
Staphyl i nidae
Heterogtera
Corixi ae
Homoptera
Cercop i dae
Membracidae
Cicadell idae
Ful gori dae
Aphidae
Hymno~tera
Fonnicidae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometridae
Sphingidae
ARANEAE
ANN ELI OAE
HI LLI PEOEA

1 Stage: N . Nynph L . L.rvae P . Pupa A . Adult

2 Aq/T: Aquatic or Terrestrial ~~~
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SITE: GS

INSECTA
~hemeroPterll

etidiie: Baet;s sp.
Biietis sp.

Siphlonuri~letus sp.
Ephemerell idae: E. doddsi

E. spiniferii
Eo spinifera

Heptiigeni idiie: Ri throgena sp.
Ri throgenii sp.
Iron sp.
Iron sp.
tTgmul asp.

Pl eeoätera
Perlo idae: Diurii sp.

iiopteryx sp.
Areynopteryx sp.

Chloroperl idae: Hastaperla sp.
Hastaperl asp.

Ciipniidiie: c~pnia sp.
Nemouridae: emoura sp. 1
Trichopterii
Psyehomyi idae: Tinodes sp.

. Tinodes sp.
Hydropsyehidiie: Parapsyehe sp.
Brachyeentridiie: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Di~tera
Chironomidae
Chironomidae
Simul i idae
Simuliidae
Ephydri diie: Ephydra sp.
Muse i dae
Syrphidiie
Bibionidae
Col eoptera
Dyt i sc i dae
Ciirabidiie
Chrysomel idae
Staphyl inidae
Hetero~tera
t:orixi ae

Homopterii
t:ereop i dae
Membraeidae
Cieadell idae
Fulgoridae
Aphidae
Hyrnno~tera
Fonnicidae
Tenthredinidae
Ichneumonidae
Lepidoptera
Georntri dae

Sphingidae
ARANEAE

AHNELIDAE
MILLIPEDEA

DATE: Septemer 20, 1984 SPECIES: Dolly Varden Chiir

1 2
Stage Aq/T 1 2 3 4 5 6 7 8 9

N Aq 1 2 1 3
Aa 8 3 !!

Aa
Aa
Aa 1 1
Aa
Aa 2 ..

Aa :3

Ao
Aa
Aa 1 I
Aa
Aa
Aa 1

Aa
N Aa 1
A Aq
A Aq I
N Aq i .. 1
A Aa 1

L Aa 1

P Aa 1

L Aa
l Aa
l Aa
A T 1 i
l Aa
A AQ

L Aa i
A Aa
A Aa i
A T
A T

A T 1
A T
A Aa
A T

A T

A T

A Aa

A T
A T

A T 1
A T

A T

A T 1 1 5
A T ..

A T 1 2 . i
A T
L T

L T

T i
T 1
T

1 Stage: N . N~h L . Larviie P . Pupa A . Adult

2 Aq/T: Aquat 1 c or Terrestri III
~~~
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SITE: G5

INSECTA
Ephennroptera
òaetidae: Baetis sp.

Baetis sp.
Siphlonuri~eletus sp.
Ephemerellidae: E. doddsi

E. spinifera
E. spinifera

Heptageniidae: Rithrogena sp.
Ri throgena sp.
Iron sp.
Iron sp.
tìgmula sp.

PL eco~tera

Perlo idae: Diura sp.
ÄÄopteryx sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
Hastaperla sp.

Capniidae: C~pnia sp.
Nemouridae: emoura sp. 1
Tri choptera
Psychomyi idae: Tinodes sp.

Tinodes sp.
Hydropsychidae: Parapsyche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Di ~tera
Ch i ronomi dae
Chironomidae
Simul i idae
Simul iidae
Ephydridae: Ephydra sp.
Muscidae
Syrph i dae
Bibionidae
Coleoptera
Dyt1Scidae
Carabidae
Chrysomel idae
Staphyl inidae
Hetero~tera
Corixi ae
Homoptera
Cercopidae
Membracidae
Cicadell idae
Ful gori dae
Aph idae

Hymno~tera
fonnicidae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometridae
Sphi ngidae
ARANEAE
ANNELlDAE
MILLIPEDEA

DATE: Sep~er 20. 1984 SPECIES: Dolly Varden Char

1 2

Stage Aq/T 10 11 12 13 14 15 16 17 18

N Ao 1 1 1

A Ao 5 1 4 i
N Aa 1 2 1

N Ao
N Ao 3 1 1

A Aa 4 1 2
N Ao 2 1 2 j -,

A Ao 16 9 2
N AD 1
A Ao 1
N Ao
A AD

N AD

N AD

A AD 3
N A

1 2
1

1 5
1

L A

P A

L A 1
L

L

2
,n

,0
,n

,n

An 1 1 2
T 1
T

T 1

T
In

A Ao

A T 1

A T
j T
j T 1
j T 1

T i i 1

1 1

1

T

1

1 Stage: N . Nymh L . Larvae P · Pupa A · Adult

2 Aq/T: Aquatic or Terrestrial ~~~
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SITE: G5

INSECTA

ehemeropteraetidae: Baetls sp.
lã sp.Siphlonuri~letus sp.

Ephemerel1idae: E. doddsi

E. sptnifera
E. sptntfera

Heptageniidae: Rithrogena sp.
Rt throgena sp.
Iron sp.
Iron sp.
'tgmul asp.

,Pl eco~tera
Perlo 1dae: Diura sp.

Äropteryx sp.
Arcynopteryx sp.

Chl oroperl idae: Hastaperl asp.
Hastaperla sp.

Capniidae: C~pnia sp.
Nemouridae: emoura sp. 1
Trichoptera
Psychomyt tdae: Tinodes sp.

. It nodes sp.
Hydropsychidae: Parapsyche sp.
Brachycentridae: Brachycentrus sp.
Glossosomtidae: Glossosoma sp.
Di~tera
Ch 1 ronomi dae
Chironomidae
Simuliidae
Simul i idae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
COleoptera
DyttSctdae
Carabidae
Chrysomel idae
Staphylinidae
Hetero~tera
Cortx t ae

Homoptera
Cercopi dae
Membracidae
Cicadell idae
Fulgoridae
Aphidae
Hymno~tera
fonn1 c tdae
Tenthredinidae
Ichneumnidae
Lepidoptera
Geometridae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

DATE: Septemer 20, 1984 SPECIES: Dolly Varden Char

1 2
Stage Aq/T 19 20 21 22 23 24 25

N Aa 1 1
A Aa 4 1
N Aa
N Ao
N Aa 2
A Aa 1
N Ao
A Ao J
N Ao 1 1
A Ao
N Ao 1
A Aa
N Ao 1
N Aa
A Ao 1
N Ao
A Ao
A Ao 1
N Ao 1
A Aa
L A 1
P A

L A~
L AJ 1
L Aa
A T

L A 1
A A

L A

A A

A A

A

A

A

A

A 10

A T
A T
A T

A Aa

A T. 1
1

i

1 Stage: N . Nymh L . larvae P . Pupa A . Adult

2 Aq/T: Aquatic or Terrestrial ~~~
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A-7

Length and Area Calculations for Lower Te1kwa River Side Channel and Wetland
Habi ta t1

3
CODE2

RELIC CHANNELS ACTIVE CHANNELS FLOOD CHANNELS WETLANDS

Length Width Area Length Width Area Length Wi dth Area Length Width Area
(m) (m) (m2 ) (m) (m) (m2 ) (m) (m) (m2 ) (m) (m) (m2 )

2A 676 2.1 1420

3R 82 3.3 271
-

4R 135 5.0 675

5A 165 4.4 726

6Fw 226 3.3 746

7Fd 82 dry
8R 152 dry

9Fg 256 8.8 2253

lOR 248 3.3 818

11 Fw 152 9.4 1429

l2A 544 2.8 1523

13A 63 1.6 lOl

14Fw 68 9.9 673

15Fw 41 8.2 336

16Fw 102 l2.1 1234

18Fw 134 14.3 1916

19Fw 408 23.6 9626

20Fw 117 6.l 714

21 Fw 190 1.6 304

22Fw 148 2.2 326

23Fw 35 2.5 87

24A (SC2) 1980 14.5 28710

25A 191 7.2 1375

25Fd 180 dry

26R 233 6.1 1421

27A 186 5.0 930

28R 201 dry
29A 307 5.0 l535

29R 137 dry
30R 180 2.2 396

30A 182 3.3 60l

31 R 495 dry

32R 478 dry

33A 20l 2.2 442 (~
,~~

~~
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CODE2
RELIC CHANNELS3 ACTIVE CHANNELS FLOOD CHANNELS WETLANDS

Length Width Area Length Width Area Length Width Area Length Wi dth Area
(m) (m) (m2 ) (m) (m) (m2 ) (m) (m) (m2 ) (m) ( m) (m2 )

34Fw 172 1.6 275

35Fw 185 6.1 1135 ,- -
36A 252 5.5 1386

37A 167 2.5 418

39Fw 104 7.7 801

40Fw 122 3.3 403

41A 82 8.2 672

42Fw 97 6.6 640

43R LOl dry
44Fd 71 dry
45Fw 35 2.5 88

46A (SC3) 125 14.8 l850
47Fw 158 16.0 2528

48Fw 59 8.2 484

49A 186 2.2 409

50R 163 dry
51A 211 3.3 696

52Fw 124 9.9 1228

53A 742 13.6 10091

54Fw 64 17.6 1126

55Fw 33 9.9 327

56A 153 4.4 673

57R 132 dry
58Fw (SC1 107 9.9 1059

59Fw 330 5.8 1914

60Fw 162 16.5 2673

61 Rg 627 8.2 5141

62Fw 152 5.2 790

63Fw 144 24.8 3571

64Fw 82 7.7 631

65Fg 462 8.8 4066

66Fw 69 4.4 304

67Fw ll1 9.4 1043

68R 396 dry A ~
-~~ '\

~ o/

~
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CODE2
RELIC CHANNELS3 ACTIVE CHANNELS FLOOD CHANNELS WETLANDS

Length Width Area Length Width Area Length Wi dth Area Length Wid th Area
(m) (m) (m2 ) (m) (m) (m2 ) (m) (m) (m2 ) (m) (m) (m2 )

69Fw 280 6.1 1708
70R 254 dry
71R 528 dry
72R 528 dry
73Fg 412 3.1 1277
74Fw 210 6.1 1281
75R 330 dry
76R 302 dry
77A 152 15.4 2341

78Fw 198 11.6 2297
79Fg 247 8.2 2025

WLla 162 9.4 1523
WLlb 346 8.7 3010

WL2 Part of tri butary 1 i

WL3 Pond on tributary 1 412 9.1 3749
WL4 Included in 61 Rg

WL5 664 19.6 13014

TOTALS 5702 87224 6565 55899 Fw-5597 53321 1584 21296

Fd-333

1 5i nee these measurements were deri ved from ai r photos taken on August 8, 1983, (a peri od where

streamf10ws were still high), the estimates are considered to represent maximum amount of
habitat in the channels.

2 See Fi gure 3.9 for channel 1 ocati on~

3 Refer to Table 3.11 for definition of channel classification.

4 Many of the relic channels were dry.

~~
~ ú(



Appendix 8.1 ~ey to Abbreviations Used in Appendix 8.2

8M

050

090
-
x

fl
ff
UL

U2

T

M

C

R

~

S. E.

Morts

N Corr.

Rbt

Sthd

OV

MW

Co

Ch

Lnd

0+

1+

1-3 (R2)

A-8

benchmark

di ameter of bed materi all arger than 50% of the remai ni ng bed materi a 1

diameter of bed material larger than 90% of the remaining bed material

average
fork 1 ength

average fork 1 ength

number of fish collected in first removal

number of fish collected in second removal

total number of fish collected (U1 + U2)

number of fish marked after first pass

number of marked and unmarked fish recaptured

number of recaptured marked fi sh
number; total population of fish in site (estimated from sample - see
Appendix ?)
standard error of popul ati on estimate

number of mortal it i es in samp 1 i ng

population estimate corrected for mortalities

rainbow trout

steelhead trout
Do lly Va rden char

mountain whitefish

coho sa 1 mon

ch i nook sa 1 man

longnose dace

fish in their first growing season prior to their first winter

fish in their second growing season after one winter

Photo reference number from D. Bustard fi les.
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Appendix 8.2 Site Descriptions and Detailed Results of Fish Sampling in Goathorn and Tenas Creeks and the
Telkwa and Bulkley Rivers, September and October, 1984

~~~
?:

SITE DESCRIPTION - Gl

location: Approxi.ately 70. dowstream of gas pipeline crossing of Goathorn Creek. Area: 725 --. Crew: OBi NF. OS.
Oate: Septemr 17. 1984. length of stream margin: 62 m. Photos: 17-19 (R2). Water Temperature: 7°C l 1400 hr.
COMmnt: Same site as in 1983 but flows are higher and fry habitat in the 10wer end is more extensive.

BENTHOS S~lE SITE: location: Bench Mark located on right bank approx. 150 .. be10w beaver dam and 10 II below lower stop net

$aiil e , 1 2 3 4 5 6

Dist. fro. 8M (II) 3.0 4.5 6.5 8.5 13.5 15.5
Depth (CI) 22 25 IB 15 15 40
050 6 8 5 6 3 11
090 12 13 18 17 18 22
Avg. Water Velocity - 0.62 m/sec Co--nt: A lot of a1gae present this year. especial1y in saMp1es 1-4

Mean Deth Max. Depth Bank Debrls 050/090
FISH SALE SITE: location (.) Width (II) (em) (eii) Cover Cover (em)

0 17.6 24 31
10 14.8 25 34 8125
20 13.4 32 43
30 13.7 25 50 x x 9/30
40 7.0 40 65 x x 12130
50 7.7 30 50 x 13/30
60 7.5 30 45 x 12/28
62
x n:

f1-range Mean N NI Bi,,sS
FISH S~lE: Species Age . (M) 1f (_) We1 ght (g) M C R N S.E. Marts Carr. N,,, linear .. gl

i1~~Sthd 0+ 32-57 39.1 0.95 94 101 35 268 28. 7 ~ ~ " 282 0.389 4.55 0.37
Sthd 1+ 62-92 19.9 7.62 42 46 25 77 6.6 \\,jp 77 0.106 1.24 0.81
Sthd )2+ 105-129 115.5 22.39 7 5 2 15 6.112.' 0 15 0.021 0.24 0.46
OV -0+ 0 0 0 0 0 0 0.00
OV H+ 63-115 90.3 8.45 2 2 1 4 2.3~ L1D 4 0.006 0.06 0.05
MI ~::+ 112 112.0 15.28 0 1 0 1 NA ' 0 1 0.001 0.02 0.02

Total 379 0.523 6.11 1.71

Note: For abbreviations and symb01s used in this tab1e see first page of Appendix 8
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Append; x 8.2 Cant i d

SITE OESCRIPTION - G2

Location: Lowr net located at water gauging station above lowr bridge on Goathorn Creek (as in 1983).
Crew: OB, MF, OS. Oate: September 26, 1984. Length of stream margin: 70 m. Photos: 1 & 2 (R4).
Water Temperature: 2°C' 9:45. Co..nt: F10ws are 10wer than 1ast year at this site.

Area: 714.2
Gradient: 2.5S.

BENTHOS SAMLE SITE: Location: 10 ,. upstre.. of upper fish slfple site

$alI 1 e , 1 2 3 4 5 6

. Oi st. 'rOI 8M (m) 4.5 6.5 B.5 10.5 12.5 2 m up frOl 13
Depth (eii) 21 21 35 18 15 20
D50 2 4 3 3 3 4
D90 12 20 15 10 10 18
Ayerage water ye10city - 0.86 mlsec

Mean Depth Max. Depth Bank Debri s 050/090
FISH SAMLE SITE: Location (II) Width (m) (em) (em) Cover Coyer (eii)

0 8.1 15 34 x 11/32
10 12.2 20 42 x 5/30
20 12.2 25 40 x 7/30
30 11.1 25 35 8/35
40 12.8 23 40 x 10/35
50 12.3 20 35 12150
60 11.4 25 35 15/50
70 10.9 30 40 3/50
x Ta

fl-range Mean N NI Bi~SS
FISH SAMLE: Sped es Age (an) 11 (RI) Wei ght (g) M C R N S.E. Morts Corr. N/112 linear II gl

,~ '1~qj
Sthd 0+ 29-42 35.3 0.10 24 30 12 59 921.0' '5 64 0.090 0.91 0.06
Sthd 1+ 62-95 13.1 6.02 34 37 26 48 2:4 i\.'tltt 50 0.070 0.71 0.42
Sthd )2+ 103-125 113.8 21.48 7 9 6 10 0.1 rJ ,\4. 10 0.014 0.14 0.30
OY -0+ 0 0 0 0 0 0 0 0
DY ~1+ 106-125 11 8.1 11.95 3 1 1 3 NA 0 3 0.004 0.04 0.08
MW

Total 121 0.118 1.00 0.86

Note: For abbreviations and sym01s used in this table see first page of Appendix 8
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SITE DESCRIPTION - G3

Location: Old iiine site (McNeil) betwen powr line and coal mine site (as in 1983). Area: 453 m2. Crew: DB. MF. OS.
Date: Septemer 19. 1984. Length of stream margin: 44 m. Photos: 3 & 4 (R3). Gradient: 2.51 Water Temperature: 4°C l
10:00 hr.. 6°C l 13:00 hr.

BENTHOS SALE SITE: Locition: Riffle located where road and creek ~t (is in 1983). Site was split by gravel bar

Sample' 1 2 3 4 5 6
Dist. f~ BM (II) 6.0 7.5 9.5 11.0 16.0 17.0Depth (em) 20 19 28 30 12 11050 3 5 5 4 3 3D!Ä 8 15 13 15 9 12
Average water velocity: Main (1-4) · O.!Ä ii/sec. Side (5-6) · 0.45 ii/sec.

Mean Depth Max. Depth
FISH SAMLE SITE: Location (II) Width (II) (em) ( CI )

Si de Chinne 1 0 4.5 12 17
10 4.0 16 21
20 5.3 10 14

Main Channel 0 9.5 35 42
10 8.3 38 41
20 8.2 30 42
30 7.7 !Ä 147
40 7.4 35 43
44
x U

Bank Debri s
Cover Cover

050/090
( CI )

7/11
7/11
4/9

11/15
9/17

12/22x 4/19
10/17

fl-range Mean N N/ Bi~SS
FISH SAMPLE: Species Age (-) 11 (..) Weight (g) M C R N S.E. Morts Corr. N/m2 Linear II g/

Sthd 0+ 31-50 39.5 0.98 13 9- 4 ,27 7.8 !'5,'1~i. 29 0.064 0.66 0.06
Sthd 1+ 71-93 81.6 8.15 9 4. 4 - 9 NA 0 9 0.020 0.20 0.16
Sthd ;)2+ 101-205 134.3 34.91 10 10 5, 19 4.Q ß.\Coe 19 0.042 0.43 1.46
DY -0+ 41-59 48.0 1.48 17 9 5 29 6.9 1'1.,01 30 0.066 0.68 0.10
OY ;)1+ 71-137 93.9 9.41 17 16 9. 30 4.6 ~.3'it 31 0.068 0.70 0.64
MW

Tota 1 118 0.260 2.67 2.42

Note: For abbreviations and symols used in this table see first page of Appendix 8
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SITE DESCRIPTION - G4

Location: Approx1--tely 400 . upstream frOM coal mine (as in 1983).
Length of iirgin: 52 II. Photos: 1" 2 (R3). . Gradient: 2.0l

Crew: DB, MF, OS. Date: Septemer 1 B, 1984.'
Water Temperature: 5°C ~ 10:00 hrs. Area: 458..

BENTHOS SAMLE SITE: Location: Lowr section of fish sample site (as in 1983).

Saii 1 e , 1 2 3 4 5
(spl1t) 2 m above

D1st. frOM BM (m) 4.5 6.5 8.5 13 nn 12.5
Depth (Cii) 27 30 38 28 27
050 7 5 8 3 2
O~ 20 22 25 16 10
Average water velocity: 0.88 ralsec.

Mid section of channe1 too fast to use saMp1er

6

14.5
29

5
15

Mean Depth Max. Depth Bank Debri s 050/090
FISH SAMPLE SITE: Location (II) Width (II) (em) (em) Cover Cover (em)

0 13.0 38 43 11/21
10 9.3 85 94 x 11/19
20 7.2 38 46 x 12/20
30 6.8 40 47 x x 1 9/30
40 7.3 37 67 14/18
50 9.0 31 45 x 9/23
l2 nx

Coont: Stream flows are high and the upper 25 II of this site are fast flowing and difficult to sa~le.

fl-range Mean N

N/ ll

N/ Bi~SS
FISH SAMPLE: Species Age (--) 'I (_) Wei ght (g) M C R " S.E. Marts Carr. linear II gl

Sthd 0+ 28-29 28.3 0.37 2 1 0 5 NA 5 0.011 0.10 ~0.01
Sthd 1+ 81 81.0 7.94 1 0 0 1 NA 1 0.002 0.02 0.02
Sthd )2+ 105-185 146.0 44.46 3 3 3 3 NA - 3 0.006 0.06 0.29
OV -0+ 38-56 47.2 1.41 13 9 .. 27 7.8'Ç-i,j2- 30 0.066 0.58 0.09
OY )1+ 66-151 98.7 10.80 24 12 9 32 4.3 1 net 33 0.072 0.63 0.78
MW B.T --;;

Total 7Z 0.157 1.39 1.18

Note: For abbreviations and s~ls used in this table see first page of Appendix 8
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Append; x 8.2 ' Cant i d

SITE DESCRIPTION - 65

Location: Approxi.ate1y 0.5 t. upstre.. from new bridge crossing to Hunter Basin; 50 m upstream of 01d crossing (as in 1983).
Crew: DB. MF4 OS. Date: Septe.er 20. 1984. Length of stream margin: 94.5 m. Photos: 8 (R3). Water Temperature: 4°C l 1100 hr
Area: 973 11.

BENTS SAMLE SITE: Locatlon: Top end of fish sa.1e site (as in 1983)

Saii 1 e , 1 2 3 4 5 6

oist. fro 8M (II) 4.0 5.5 7.0 8.5 10.0 11.5
Depth (eii) 28 40 30 32 21 20
050 2 4 5 3 2 2
090 10 16 18 14 17 18
Average water ve1ocity: 0.60 ii/sec.

Mean Depth Max. Depth
FISH SALE SITE: Locatton (II) Width (II) ( CI) ( CI )

0 11.4 37 50
10 10.1 32 46
20 8.9 26 28
30 11.9 27 33
40 14.1 22 42
50 14.8 23 40
60 9.1 28 40
70 7.4 28 40
80 7.8 34 36
90 7.4 33 40
94.5 -
x 1õ

Bank
Cover

Debri 5

Cover
050/090

(em)

12/22
11/19
10122

9/20
12/25

8128
5/18

12/22
7/19
6/22

x
x
x
x

x

x
x

x

\

. f1-range Mean N NI Bi~ss
FISH SAMLE: Spec i es Age (nn) fl (--) lli ght (g) M C R N S.E. Morts Corr. N/rf linear II gl

Sthd 0+ 27-28 27.5 0.34 1 1 a 3 NA a 3 0.003 0.03 (0.01
Sthd 1+ 64 64.0 4.00 1 1 1 1 NA 0 1 0.001 0.01 (0.01
Sthd )2+ 163 163.0 61.52 1 a a 1 NA ",0 1 0.001 0.01 0.06
DV -0+ 31-58 48.3 1.51 14 5 4 17 3.0'" 1'1:) 18 0.018 0.19 0.03
OV !.1+ 62-100 102.6 12.01 35 42 18 00 9.7 n ,1ID\J 80 0~082 0.85 0.99
MW

Note: 5 of the 1arger DV were ripe fish.

Tota1 103 0.105 1.09 1.08

Note: For abbreviations and symb01s used in this tab1e see first page of Appendix 8
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SITE DESCRIPTION - G6

Locition: l..iitely dostreiii of the Golthorn/Clbinet Creek confluence. Helicopter iccess. New site in 1984. Crew: DB, MF
Date: October 24, 1984. Length of stream margin: 28.S~. Photos: 8-10 (R5). Water Temperature: 1°C l IS00 hr. Area: 185.2

BENTHOS SALE SITE: Locition:

Saii 1 e ,

Dist. fro. 8M eii)

Depth ec~)
050
D!!
Average witer velocity

1 2 3 4 5 6

NOT CONDUCTED

Mean Depth Max. Depth Bank Debri s D50/D!!FISH SALE SITE: Location (II) Width (II) (em) ( eii) Cover Cover (cm)

0 5.0 35 55 x 10/285 5.8 30 66 8/1510 8.1 25 30 5/21
15 7.1 30 40 ., 5/2120 6.4 40 50 10/25
l5 6.5 40 52 x. 10/20
x U

Coont: This site is 801 glide and 201 riffle

ft-range Mean N NI Bi~SSFISH SAMLE: Species Age (II) 1T (_) Wei ght (g) UL U2 T N S.E. Marts Corr. N/'; linear II gl
Sthd 0+ 0 0 0 0 0 0Sthd 1+ 88 88.0 10.11 1 0 1 1 NA 0 1 0.005 0.04 0.05Sthd )2+ 0 0 0 0 0
DV -0+ 41-46 42.8 1.08 2 2 4 4 NA 0 4 0.022 0.14 0.02DV ~1+ 63-210 106.7 13.38 32 8 40 43 2.8 _ 0 43 0.232 1.51 3.11MW i i~\'¡

,!

Total 3 of the larger DV were ripe spawners (172-210 II) 48 0.259 1.69 3.18
Note: For abbreviations and sylols used in this table see first page of Appendix 8
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SITE DESCRIPTION - 67

Location: Upper net .pproxi--tely 20 . downstreaM from Cabinet Creek logging bridge. Truck access: New site. Crew: DB. DS
Date: Septemer 13. 1984. Length of stream margin: 23.6 m. Photos: 7-8 (R2). Water Temperature: 4°C l 1600 hr.
Gradient: 1.51. Area: 250 m2. Co.-nt: Si te is approximately 701 gl ide. 51 pool. 251 ri ffl e. Flows high but clear after
heavy rains (est. 50 cfs).

BENTOS SAMLE SITE: Location:

Sallle ,

Dist. frOM BM (m)
Depth (em)
050
090 .
Average water velocity m/sec

1 62 3 4 5

NOT CONDUCTED

Mean Depth Max. Depth Bank Debris 050/090
FISH SAMPLE SITE: Location (m) Width (m) ( em) (em) Cover Cover (em)

0 12.8 25 50 x x 10/35
5 12.1 25 50 x 8/15

10 10.7 30 40 x 8118
15 9.5 30 40 x 10/18
20 8.1 40 50 x 3/20
l-3.6 'ßx

. f1-range Mean
FISH SALr: Speies Age (--) 1T (M) Weight (g) UL U2 T

Sthd 0+ 0 0 0
Sthd 1+ 0 0 0
Sthd )2+ 0 0 0
OW -0+ 0 0 0
DW !"l+ 57-19S 95.1 9.75 39 10 49
MI

Total

N NI
" S.E. Morts Corr. "1m2 Linear m

52 3.2 i 4 net 56
~.4i.

0.224

56 0.224 2.18

Note: For abbreviations and s~ols used in this table see first page of Appendix 8

2.37

2.37

BiOlsS
g/m£

2.18
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Append; x 8.2 Cont i d

SITE DESCRIPTION - Tl

Locition: Approxi..te1y 30. above 10wr bridge on Tenas Creek upstreaii for 83 II. Area: 582.4 .2. Crew: DB, MF, OS.
Date: SepteMr 12, 1984. Length of stream ..rgin: 83.2 fA. Photos: - Water temperature: SOC l 1400 hr. H!ayy rains
during the past two weks hive kept f10w leyels high. Shocker problems on second pass - resolyed.

BENTHS SALE SITE: Location: Approx. 30 . upstre.. frOl bridge

SI 1 e , 1 2 3 4 5 6

Di st. frø 8M (.) 4.5 5.5 6.5 7.5 8.5 9.5
Deth (c.) 42 34 32 27 28 18
050 12 18 5 12 8 6
090 22 10 12 25 18 15
Ayerage water ye10city 0.88 ./see

Mean Depth Mu. Depth
FISH SAMLE SITE: Locition (m) Width (II) (em) (em)

0 7.5 30 35
10 7.4 25 30
20 7.4 25 35
30 6.0 25 30
40 6.9 20 28
50 5.2 25 32
60 8.9 15 45
70 7.8 25 30
80 5.9 25 38p.2 ~x

Bank Debris
Coyer Coyer

050/090
(em)

12/25
12/25
10130
12142
12/30
8/18

12/30
12/25

7122

x x.. x

xx x
x

f1-rlnge Mein N HI Bi~S5
FISH SAMLE: Species Age (an) 1T (II) Weight (g) M C R N S.E. Morts Corr. N/.. Linear II g/

..1 "'J.
Sthd 0+ 29-52 38.4 0.83 98 50 24 201 25.3': ' 12 213 0.366 2.56 0.30
Sthd 1+ 62-99 78.4 6.10 33 22 16 45 13.3 jJI~ 45 0.077 0.54 0.47
Sthd )2+ 129-139 134.0 27 .35 0 2 0 2 NA 0 2 0.003 0.02 0.09
OV -0+ 0 0
OV )1+ 106-205 146.8 32.23 4 3 3 4 NA 0 4 0.007 0.05 0.22
Mli ')1+ 195-277 236.0 138.36 2 1 1 2 NA 0 2 0.003 0.02 0.48

rota 1 266 0.456 3.19 1.56

Note: For abbreviations and symbols used in this table see first page of Appendix 8
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Appendix 3.2 Cont'd

SITE DESCRIPTION - T2

Location: Approxi.ate1y 4 ~ upstream in Tenas Creek be10w major bend in system. He1 icopter access. Area: 409.2 m2
Crew: DB, MF, OS. Date: Septemer 28, 1984. Length of stream margin: 62 m. Photos: 10-12 (R). Water Temp: 2.SoC'
10:30, 4.SoC , 1500 hr. Gradient: 3.51. Co..nt: S1ight1y more f10w than in '83. Some debris shifting at top end of site.
Good po01s associated with debris.

BENTHOS SAMPLE SITE: Location: As in 1983. i.e. 20 . upstre~ of fish samp1e site

Samp1e I 1 2 3 4 5 6

Oist. fro BM (m) 5.5 6.5 7.5 8.5 9.5 10.5
Depth (em) 17 15 15 20 27 18
050 4 4 5 5 6 3

O~ 12 15 20 20 20 18
Average water ve10city 0.59 mlsec

Mean Depth Max. Depth Bank Oebri s 050/090
FISH SAMLE SITE: Location (II) Width (m) (em) (em) Cover Cover (em)

0 5.7 20 25 x 1115
10 7.9 25 43 x x 8/20
20 6.1 20 26 4/25
30 6.8 12 18 x x 7/15
40 6.1 20 25 x 10/20
50 6.0 18 40 x 4/22
60 7.7 20 30 x 6/30
62
x 'ß

f1-range Mean N

N/m2
NI Bi om~ss

FISH SMPLE: Sped es Age (II) 1T (II) Weight (g) M C R " S.E. Morts Corr. Linear _ g/m
1\\0 7~ ~l tÒ

Sthd 0+ 28-37 33.0 0.54 5 5 1 17 10Æ 1 Net 18 0.044 0.29 0.02
Sthd 1+ 60-94 78.9 6.21 41 28 23 50 3.0(",11-3 53 0.130 0.85 0.80
Sthd )2+ 99-171 122.5 21.28 17 15 8 31 5.3 Q íij 33 0.081 0.53 1.72
OV -0+ 0 0 _ 1 ' '_ 0
Oy ~l+ 99-132 116..3 16.97 6 1 1 6 NA 0 6 0.015 0.10 0.25
MW

Toti1 110 0.270 1.77 2.79

Note: For abbreviations and sym01s used in this tab1e see first page of Appendix 8
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SITE DESCRIPTION - T3

Location: Approxiiiately 11 t. upstream on Tenas Creek (as in 1983). Helicopter access: 209 m2. Date: Septemer 28, 1984.
Length of stretm .argin: 37 m. Photos: 13, 14 (R4). Water Temperature: 4.5°C ~ 17:30. Gradient: 3.0S Crew: DB, "F, DS.

BENTHS SAMLE SITE: Location:

Siii 1 e , 1 32 4 5 6

Dist. f~ 8M (.)
Depth (eii)
Average water velocity m/sec

NOT CONDUCTED

Mean Depth Max. Depth Bank Oebri s 050/090
FISH SAMLE SITE: Location (II) Width (II) ( em) (em) Cover Cover (em)

5 6.5 20 28 10/30
10 5.2 25 32 x 10/30
15 4.6 20 30 10/30
20 6.0 20 25 10/35
25 5.7 18 30 10/35
30 4.8 22 30 3/15
35 4.3 20 30 4/20
l7 D 13 ..2 in a small side channelx +

fl-range Mean " "/ Bi~SS
FI SH SAMLE: Spec i es Age (II) 1T (II) Weight (g) UL U2 T N S.E. Morts Carr. N/ rß linear II g/

Sthd 0+ 40 40.0 0.93 1 0 1 1 NA o~ 1 0.005 0.03 (0.01
Sthd 1+ 61-83 75.7 5.53 5 ¡ 1 6 6 0.8 i) .1(.... 6 0.029 0.16 0.16
Sthd )2+ 0' 0 0 0 0
OY -0+ 40-49 44.7 1.22 7 0 7 7 NA 0 7 0.033 0.19 0.04
OW )1+ 56-175 100.8 11 .44 20 2 22 22 0.6 0 22 0.105 0.59 1.20
MW

o ~r ;~' ,'.

.J,d~;'.

Total 36 0.172 0.97 1.40

Note: Fo~ abbreviations and sylols used in this table see first page of Appendix 8
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SITE DESCRIPTION - T4

Location: Approxi..te1y 7 t. upstream on Tenas Creek about 200 II be10w 10gged setting. He1icopter access. Area: 150.z
Date: October 24. 1984. Length of stream margin: 25 m. Photos: 5-7 (R5). Water Temperature: I°C' 1100 hr.
Crew: DB. Mr. BH. Commt: This site is a riff1e/g1ide com1ex (501 of each). F10ws are higher than norma1 due to rain and
snow. New site

BEffHOS SAMPLE SITE: LoCitton:

Samp1e , 1 2 3 4 5 6

Dist. fro. BM (m)
Depth (Cii)
Average water ve10city ii/see

NOT CONDUCTED

Mean Depth Max. Depth Bank Debris 050/090FISH SAME SITE: Location (II) Width (II) (em) (em) Cover Cover ( CI )

0 6.3 15 30 20/30
5 9.5 20 30 15/35

10 5.8 25 40 x 20/35
15 5.0 25 42 2/1220 4.2 35 50 x 6/15
15 5.2 30 40 x 4/15
x D

f1-range Mean N

N/rß
N/. Bi:rssFISH SAMPLE: Species Age (-) n- (_) Weight (g) UL U2 T N S.E. Marts Corr. Linear II g/

Sthd 0+ 0 0 0 0
..v

0- 1\0-Sthd 1+ 70-85 76.0 5.89 5 1 6 6 0.8 \). 0 6 0.040 0.24 0.24Sthd )2+ 102-128 111.5 16.36 7 0 7 7 NA -c¿;O 7 0.047 0.28 0.17-0+ 12
;; "I".'.

12 0.12DV 43-51 47.7 1.46 7 3 10 4.1 0" 0 0.080 0.48
DV ~1+ 57-135 84.1 6.95 8 2 10 11 1.4 0 11 0.073 0.44 0.51
MW

Tota1 36 0.240 1.44 1.64
Note: For abbreviations and syM01s used in this tab1e see first page of Appendix 8
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SITE DESCRIPTION - SCI

Location: Telkwa River side channel at end of Cottonwood Rd. in village. Approximately 1.5 km fro. ~uth of Telkwa River
(as in 1983). Area: 551 .2. Crew: DB. MF. OS. Gradient: 11. Oate: Septemer 14. 1984. Length of stream margin: 77.6 II
Photos:. 15. 16 (R2). Water Temerature: 7°C" 11:45 hr.

8ENTHS SAMLE SITE: Location: Mid-way up side channel. Flagging present but couldn't find metal rod (as in 1983)

Sallle , 1 2 3 4 5 6

. Dht. frOl 8M (II) 11.5 12.5 13.5 14.5 15.5 16.5
Depth (Cii) 11 9 13 7 16 15
Average water velocity: 0.55 m/sec.

Mean Depth Max. Depth
FISH SAMLE SITE: - Location (.) Width (II) ( em) (em)

0 7.7 18 20
10 6.6 18 21
20 5.8 15 19
30 6.9 13 19
40 6.8 23 30
50 4.5 41 52
60 5.9 16 25
70 12.6 10 15

17.6 -rx

Bank Oebri s
Cover Cover

050/090
(em)

As in
1983

.
x .
x
x .

n -range Mean N N/ 8i ,,ss
FISH SAMLE: Species Age (.) 1f(_) Weight (g) M C R N S.E. Morts Corr. N/-- linear. gl

Sthd 0+ 31-47 37.8 0.79 26 30 11 69 ;;S ,o""1
70 0.127 0.90 0.1012.3 ià

Sthd 1+ 59-99 75.3 5.25 47 31 17 84 10.7 ::di 84 0.152 1.08 0.11
Sthd )2+ 110-151 132.8 24.72 4 3 1 9 5.0IffJDO 9 0.016 0.12 0.40
Co -0+ 78 78.0 5.22 1 0 0 1 NA . 0 1 0.002 0.01 0.01
Ch 0+ 69-96 SO.O 6.98 1 4 0 9 NA4-0 9 0.016 0.12 0.11
MN 0+ 49-64 56.0 1.97 12 12 5 27 6.6i3.~'0 27 0.049 0.35 0.10
MW ~1+ 115 115.0 13.60 1 1 1 1 NA 0 1 0.002 0.12 0.02
Lnd 56 56.0 3.60 0 1 0 1 NA 0 1 0.002 0.12 0.01

Tot.i 202 0.367 2.82 1.55

~ Note: For abbreviations .nd s,.bols used in this table see first page of Appendix B

~~.
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SITE DESCRIPTION - SC2

location: Approxi--te1y 3.5 ~ upitre.. on Te1kwa (as in 1983) a1though a 10nger section was samp1ed. Crew: DB. MF. OS. Date:
Septe.ber 29. 1984. Area: 745... length of stre.. --rgin: 49 M. Photos: 15-20 (R4). Water Temperature: 4°C' 1100 hr.
Comnt: lowr f1aw and 1ess trap 1itter made for easier saMp1ing than in 1983.

BENTHOS SAMLE SITE: location: Riff1e area ipprox. 100 II upstre.. from top net set (as in 1983). Unab1e to find right Marker

SlMp1e , 1 2 3 4 5 6

Dist. f~ BM (II) 19 23 25 27 31 35
Depth (eM) 10 20 25 27 20 16
050 10 10 6 12 3 4
090 19 13 15 14 10 12
Averige water ve1ocity: 0.53 ii/see.

Mean Depth Mix. Depth Bank Debris D50/090
FISH SAMLE SITE: Location (II) Width (II) (em) ( CI ) Cover Cover (em)

0 14.8 30 36 6/19
10 14.4 33 39 9/30
20 16.5 35 46 .. 7/20
30 14.2 33 46 6/17
40 14.2 30 52 7120
49 17.1 28 50 7/18
It ~

n-ringe Mean N NI Biooss
FISH SAMLE: Speies Age (..) 11 (..) Weight (g) M C R N S.E. Morts Corr. N/ri Linear II g/m2

Sthd 0+ 30-50 38.9 0.86 9 10 2 36 17.03A.G~ 36 0.048 0.73 0.04
Sthd 1+ 67-96 78.8 5.92 28 30 14 59 8.0 1~,~20 59 0.079 1.20 0.47
Sthd )2+ 100-166. 127.6 22.23 13 15 9 21 2.3'.~ 420 21 0.028 0.43 0.62
Co -0+ 55-74 66.0 3.05 3 3 1 7 3. 8 1,S-ø 7 0.009 0.14 0.03
Ch 0+ 73-00 76.5 6.25 0 2 0 2 NA 0 2 0.003 0.04 0.02
MI 0+ 52-59 57.3 2.11 1 7 1 7 NA a 7 0.009 0.14 0.02

Toti1 132 0.176 2.68 1.20

Note: For abbreviations and sJMb01s used in this tab1e see first page of Appendix B
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Appendix 8.2 .Cont'd

SITE DESCRIPTION - MSI

Location: Mainstea Te1kwa River 1.5 ~ fr~ .uuth (as in 1983).
Area: 89.3 .2. Length of stream .argin: 19 m. Photos:-

Crew: DB, MF, OS. Date: September 24, 1984.
Water Temperature: 5°C P 16:00 hr.

BENTHOS SAMLE SITE: location:

Saii 1 e , 31 Z 4 5 6

Dist. from BM (m)
Depth (em)
Average water ve10city m/see

NOT CONDUCTED

Mean Depth Max. Depth Bank Debri s 050/090
FISH SAMLE SITE: Location (_) Width (m) (em) (em) Cover Cover (em)

1 1.7 LZ 15 161Z5
Z 3.2 LZ ZO 1 71Z0
3 5.5 21 36 11/14
4 7.1 38 47 11/17
5 5.3 25 50 9/14
6 5.4 38 46 9/15
x U

f1-range Mean N NI 8i ~ss
FISH SAMLE: Sped es Age (ni) 11 (_) We i ght (g) Ul UZ T N S.E. Marts Carr. N/rf Linear _ gl

Sthd 0+ 3Z-48 38.4 0.83 8 Z 10 11 1.4 1'ö~0 11 0.IZ3 0.58 0.10
Sthd 1+ 59-91 75.6 5.28 11 3 14 15 1.9 3'b1.o 15 0.168 0.79 0.89
Sthd ~Z+ 114-148 135.4 26.18 7 1 8 8 0.5 0 8 0.090 0.42 2.36

I, Ul
Tota 1 34 0.381 1.79 3.35

Note: Fo~ abbreviations ind syM01s used in this tib1e see first page of Appendix 8



~~~
~

Appendix 8.2 Cont1d

SITE DESCRIPTION - "S2

Location: Mainste. Te1kwi Riyer 1.5 t. frOM mouth. Upstream of MSI it the top end of the ber.. Crew: DB. NF. OS.
Date: Septemer 24. 1984. Area: 102 m2. Length of stream margin: 21.7 m. Photos: - Water Temperature: 5°C (I 16:00 hr

BENTHOS SAMLE SITE: Locati on:

SIq1e , 1 5 62 3 4

Dist. fro. BM (m)
Depth (em)
Average water ye10eity ./see

NOT CONDUCTED

Mean Depth Max. Depth Bank Debri s D50/D9O
FISH SAMLE SITE: Location (II) Width (II) (em) (em) Cover Cover (em)

1 3.7 10 25 13/1 9

2 4.6 30 40 10/17
3 6.9 42 60 10/18
4 7.0 55 69 x 7/13
5 5.6 60 85 x x 9/18
6 3.4 50 83 . x 8/11
7 1.8 37 66 x 6/11
x 1:

f1-range Mean N 'N/ Bi i,ss

FI SH SAMLE: Sped es Age (--) 1T (M) Weight (g) UL U2 T N S.E. Marts Corr. N/112 Linear II gl
/ ")\)\

Sthd 0+ 31-44 37.6 0.78 9 3 12 14 2.6~' 0 14 0.137 0.65 0.11
Sthd 1+ 68-82 72.0 4.62 4 1 5 5 1.0 i~\o 5 0.049 0.23 0.23
Sthd )2+ 100-115 107.0 13.68 2 1 3 3 NA 0 3 0.029 0.14 0.40
Co -0+ 54-72 63.0 2.63 1 1 2 2 NA 0 2 0.020 0.09 0.05
DV

MW 0+ 51 51.0 1.50 1 0 1 1 NA 0 1 0.010 0.05 0.02

Tota1 25 0.245 1.16 0.81

Note: For abbreviations and symb01s used in this tab1e see first page of Appendix B
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SITE DESCRIPTION - "S3

Location: "ainstel Telkwa River 1.5 km f~om mouth. Approximately 150 m downstreaM from "SI. Crew: DB. "F. OS.
Date: Sept~er 24. 1984. Area: 104 ii. Length of stream margin: 16.0 m. Photos: - Water Temperature: 5°C. 16:00 hr

BENTHOS SAMLE SITE: Location:

Saiile , 1 2 3 4 5 6

Di st. from BM (II)
Depth (cm)
Average water velocity mlsec

NOT CONDUCTED '

Mean Depth "ax. Depth Bank Debri s D50/D90
FISH SAMPLE SITE: Location (II) Width (II) (cc) (cc) Cover Cover (em)

1 1.5 12 18 12/28
2 3.6 20 28 10/23
3 10.4 20 38 13/2 8
4 9.2 25 57 15/26
5 8.4 30 50 12/30
6 6.8 25 37 17/26
7 5.7 30 37 1l/2 8
x ""

fl-range Mean N .NI Bi ~ss
FISH SAMLE: Spe i es Age ( II) 1T (na) Weight (g) Ul U2 T N S.E. Marts Corr. N/rf Linear II gl

o\l'-
Sthd 0+ 31-50 40.1 0.93 7 4 II 16 10 3ù-11 ÍJ 16 0.154 1.00 0.14
Sthd 1+ 64-88 74.2 5.02 11 1 12 12 0:40 .ôl(¡o 12 0.115 0.75 0.58
Sthd )2+ . 107-135 117.7 17 .82 3 0 3 3 NA 0 3 0.029 0.19 0.52
Co -0+ 67 67.0 3.20 1 0 1 1 NA 0 1 0.010 0.06 0.03
MW 0+ 56 56.0 1.97 0 2 2 2 NA 0 2 0.019 0.12 0.04

Tota 1 34 0.327 2.12 1.31

Note: 'For abbreviations and symols used in this table see first page of Appendix 8
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Appendi x 8.2 Cant i d

SITE DESCRIPTION.. MS4

Location: Mainstea Teltwa River 1.5 bI ~r~ MOuth. Approxi.ate1y 30. dowstream from MS3. Crew: DB, NF, OS.
Date: Septemer 24. 1984. Area: 80.. length of stream margin: 16.0 m. Photos: _ Nater Te~erature: 50C l 16:00.hr

BENTHS SAMLE SITE: . Location:

Sain1e , 1

Di st. fro 8M (.)
Depth (c.)
Average water velocity _/sec

2 3 4

NOT CONDUCTED

FISH SAMLE SITE:

1

2
3
4
5

!
x

1.4
5.3
6.3
7.2
6.1
3.8g

f1-ringe
FISH SAMLE: Species Age (II) 1T (II)

Sthd 0+
Sthd 1+
Sthd )2+
MW -0+

Mein
lli ght (g)

72-90 77.8 5.73

1.9756 56.0

25
30
30
30
30
25

30
45
40
45
40
35

5 6

050/090
CI

10/22
8/25
7120

10/22
7120
8/20

N HIUL U2 T " S.E. Marts Corr. "1m2 L ineir .
o 0 0 0
5 0 5 5
o 0 0 0
o 1 0 1

Bant
Cover

Debri s
Cover

..

NA

NA

o
o
o
o

0.062

0.012

0.074

o
5
o
1

6
Tota1

Note: For abbreviations and symb01s used in this tab1e see first page of Appendix 8

0.31

0.06

0.37

Bi OIss
g/rß

0.36

0.02

0.38
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Appendix 8.2 Cont'd

SITE DESCRIPTION - MS5

Locition: 3.5 ~ upstre on Te1kwi Rivrr (as in 1983). Access through farmr's fie1d. Crew: DB, MF, OS.
Date: Septe.er 27, 1984. Area: 117~. Length of stream margin: 22.5 m. Photos: 3 (R4). Water Temperature: I.C' 10:05
Cont: F10ws are s1ight1i 1owr. Less fry in smal1 channe1 with cobble and 1ess wetted area under debris jam. Ice on poOl.

BENTS. SAMLE SITE: Location:

Sall1e , 1 2
Dist. fro. BM (m)
Depth (em)
Average witer ve10city m/sec

3 4 5 6

NOT CONDUCTED

Mein Depth Max. Depth Bank Debris 050/090
FI SH SAMPLE SITE: Locition (m) Width (m) ( CI) ( CI) Cover Cover (em)

0 3.2 25 40 (1
5 8.2 20 36 x d/30

10 9.0 20 40 !" X d
15 4.2 25 40 d
10 1.2 5 7 (1/20
x U

n-ringe Mean N

N/'¡
NI Bi ~ss

FISH SAME: Species Age (.) 1T (.) Weight (g) Ul U2 ') N S.E. Morts Corr. LL neir _ gl
15

~'J 0:

Sthd 0+ 29-40 34.6 0.62 14 .11 y 35 10.8 f'" 3 38 0.325 1.69 0.20
Sthd 1+ 0 0 0 0
Sthd ?.2+ 0 0 0 0

Toti1 38 0.325 1.69 0.20

Note: For abbreviations ind s,-01s used in this tible see first page of Appendix 8
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A~pendi x ß. 2 Cont i d

SITE DESCRIPTION - MS7

Location: 3~5 ~ upst~ on Telkwa River (IS in. 1983). I~diately ibove M56. Crew: DB, MF, DS. Date: Septe.r 27, 1984
Area: 142~. Length of stream ..rgin: 16.5 M. Photos: 5 & 6 (R4). Water Temperature: 4°C ~ 14:30 hr.

BENTS SAMPLE SITE: Location:

Saiile , 1 2 3 4 5 6

Di st. from BM (.)
Depth (em) NOT CONDUCTED
Average water velocity m/sec

Mean Depth Max. Depth Bank Debris 050/090
FISH SAPLE SITE: Location (II) Width (II) (em) (em) Cover Cover (em)

1 6.4 15 19 4/25
2 10.6 14 18 10/25
3 11.1 11 20 10/25
4 6.4 16 25 15122
x --

f1-range Mean N N/ Bi~SS
FISH SAMLE: Species Age (-) -n (_) We i ght (g) UL U2 T N S.E. Morts Corr. N/,, Linear M g/

Sthd 0+ 29-55 39.2 0.88 23 1 24 24
~ .~\R

24 0.169 1,45 0.150.2 ~i. 0
Sthd 1+ 64-91 74.5 5.08 23 2 25 25 0.5 \'t.\oiq 25 0.176 1.52 0.89
Sthd )2+ 114-130 122.3 19.72 7 2 9 10 1.7'\' 0 10~ 0.070 0.61 1.38
Co '0+ 50-61 55.5 1.75 3 1 4 4 1.51~~0 4 0.028 0.24 0.05
OW )1+ 81-125 111.5 15.11 4 0 4 4 NA 0 4 0.028 0.24 0.42
MI tT+ 56 56.0 1.97 1 0 1 1 NA 0 1 0.007 0.06 0.01

)1+ 124 124.0 20.61 1 0 1 1 NA 0 1 0.007 0.06 0.14

Total 69 0.485 4.18 3.04

Note: For abbreviations ind symols used in this table see first page of Appendix 8
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Appendi x 8.2 Cont 'd

SITE DESCRIPTION - 81

Locationl' ~~ River just downstream frOM Hubert Creek¡ 100 m dowstream from rock outcrop (river's left side).
Crew: oå~. Date: October 26, 1984. Area: 66.3.2 Length of stream margin: 21.4 m. Photos: 16-18 (R5).
Water Temerature: 3.5°C l 1100 hr.

BENTHOS SAMPLE SITE: Location:

. Sannle , 1 2 3 4 5 6

Dist. fr~ 8M (m)
Depth (em) NOT CONDUCTED

Average water velocity mlsec

Mean Depth Mix. Depth Bank Debri s 050/090
FISH SAMPLE SITE: Location (m) Width (m) (em) (em) Cover Cover (em)

1 1.3 25 42 12/25
2 2.7 40 70 15/25
3 3.4 50 75 15/40
4 4.1 40 70 10/25
5 3.9 40 60 10/20
6 3.2 35 60 5/15
x U

fl-range Mean N NI Bi,,SS
FISH SAMPLE: Sped es Age (II) IT (II) Weight (g) U1 U2 T N S.E. Marts Carr. NIm2 Linear m 91

Sthd 0+ . 47-52 49.8 1.69 5 0 5 5 NA 0 5 0.075 0.23 0.13

Sthd 1+ 79-95 83.8 7.01 4 0 4 4 NA 0 4 0.060 0.19 0.42

Sthd )2+ 110-115 111.7 15.42 3 0 3 3 NA 0 3 0.045 0.14 0.69

Ch -0+ 68-82 75.4 6.01 8 0 8 8 NA 0 8 0.121 0.37 0.73

OV

MW 1 1 a.prey ammcoete

Total 20 0.301 0.93 1.97

Note: For abbreviations and symols used in this table see first page of Appendix 8

x
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Arpendi x 8.2 Cont i d

SITE DESCRIPTION - B2/I~
Location:' B~le River just dowstream fro. Hubert Creek; 100 m downstream of site Bl (river's left side). Crew: DB, NF, BH.
Date: Oc er 2 ,1984. Area: 52.5.2 Length of stream margin: 25 m. Photos: - Water Temperature: 3.5°C' 1100 hr.
Commnt: Th te is located in rip-rap along railroad. Deep and fast 3 m from water's edge.

BENTHOS SAMPLE SITE: Location:

sample , 1 2 3 4 5 6

Dist. fro. BM (m)
Depth (em) NOT CONDUCTED
Average water velocity m/sec

Mean Depth Max. Depth Bank Debri s 050/090
FISH SAMLE SITE: Location (II) Width (m) ( em) (em) Cover Cover (em)

1 2.0 50 85 15/60
2 2.1 50 95 40/60
3 2.4 50 75 10/30
4 2.3 45 75 20/50
5 2.3 35 60 15/35
6 2.3 50 65 20/30
1 1.5 25 40 15/30
x IT

fl-range Mean N N/ Bi ~ss
FI SH SAMPLE: Spec i es Age (IR) 1T (_) Weight (g) Ul U2 T N S.E. Marts Carr. N/m2 Linear II g/m

Sthd 0+ 49-52 50.5 1.75 2 0 2 2 NA 0 2 0.038 0.08 0.07
Sthd 1+ 0 0 0 0 NA 0 0 0 0
Sthd )2+ 106-151 122.5 19.82 3 1 4 4 1.5 ~,OfcO 4 0.076 0.16 1.51
Ch -0+ 71 71.0 5.16 1 0 1 1 NA 0 1 0.019 0.04 0.10
DV

MV 1 1 allrey IlIcoete

Tota 1 7 0.133 0.28 1.68

Note: For abbreviations and sylols used in this table see first page of Appendix 8
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Aprendi x 8.2 Cont i d

SITE DESCRI!1ION - B3

~. ,\
Loeation:Bukl~y River dowstream of Hubert Creek. Approximately 200 m below 82 but on river's right side. Crew: DB. "F. BH.
Date: Oeto ~~6. 1984. Area: 66 m. Length of stream margin: 19.4 m. Photos: 20 (R5). Water Temperature: 3.5°C ~ 1100 hr.

BENTHOS SAMLE SITE: Location:

Sample' 1 2 3 4 5 6

Di st. from BM (m)
Depth (em) NOT CONDUCTED

Average water velocity m/see

Mean Depth Max. Depth Bank Debrls 050/090
FISH SAMLE SITE: Location (II) Width (m) (em) (em) Cover Cover (em)

1 1.8 30 55 10/35
2 3.5 45 80 8/25
3 4.2 40 60 8/25
4 4.6 60 75 10/30
5 4.2 55 70 10/25
6 3.6 40 65 15/35

L 1.6 25 50 10/25
x 1:

f1-range Mean N N/ Bi~SS
FISH SAMLE: Spe i es Age (II) 1f (_) Weight (g) uu U2 T N S.E. Morts Corr. N/ ,, linear. g/ii

Sthd 0+ 43-51 46.9 1.43 7 2 9 10 i.\¡'b 10 0.152 0.52 0.221.7 'I, 0

Sthd 1+ 59-86 73.8 4.95 4 0 4 4 NA 0 4 0.061 0.21 0.30
Sthd )2+ 112 112.0 15.52 1 0 1 1 NA 0 1 0.015 0.05 0.23

Ch -0+ 64-15 11.2 5.20 4 1 5 5 1.0 0 5 0.076 0.26 0.40
MW 0+ 63 63.0 2.17 1 0 1 1 NA 0 i 0.015 0.05 0.04

1 1 amprey a..eoete

Total 21 0.319 1.09 1.19

Note: For abbreviations and symols used in this table see first page of Appendix 8

\\
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Append; x 8.2 Cont i d

SITE DESCRItTION - B4

Location: i ~~~ River dowstrea~ 0I Hubert Creek. Approximately 50 m below 83 (river's right side). Crew: DB, MF, BH.
Date: Octò~r 26,L 1984. Area: 62 m. Length of stream margin: 20 m. Photos: 21 (R5). Water Temperature: 3.5°C l 1100 hr.. j
BENTHOS SAMPLE SITE: Location:

Sainle , 1 2 3 4 5 6

Di st. fro. 8M (m)

Depth (em) NOT CONDUCTED

--'- Average water velocity m¡sec

Mean Depth Max. Depth Bank Debris 050/090
FISH SALE SITE: Location (m) Width (m) (em) (em) Cover Cover ( ca)

1 1.6 25 50 10/39
2 3.7 50 æ 15/25
3 4.1 60 80 12118
4 4.0 62 85 13125
5 4.2 60 80 13/20
6 2.7 30 70 12/22
7 1.3 22 40 8120
x IT

f1-range Mean N

N/ri
NI Bi,,SS

FISH SAMLE: Species Age (nn) 11 (M) Weight (g) UL U2 T N S.E. Marts Corr. Linear m 91

Sthd 0+ 41-51 44.9 1.27 7 0 7 7 NA 0 7 0.113 0.35 0.14

Sthd 1+ 79 . 79.0 6.00 1 0 1 1 NA 0 1 0.016 0.05 0.10

Sthd ~2+ 144 144.0 37.93 1 0 1 1 NA 0 1 0.016 0.05 0.61

Ch -0+ 60-67 63.5 3.91 1 0 2 2 NA 0 2 0.032 0.10 0.13

MW ~Ol 70 70.0 3.81 1 0 1 1 NA 0 1 0.016 0.05 0.06

Total 12 0.193 0.60 1.04

Note: For abbreviations and symols used in this table see first page of Appendix 8
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Appendix 9.1 Population estimates for juvenile salmonids in
Goathorn Creek, September and October 1984

Site
Number of Fi sh

per Linear Meter

Length of Stream
Represented by
Sampl e Site (m)

Population Estimates
by Sect i on

STEELHEAO TROUT

0+ 1+ )2+ 0+ 1+ )2+

G1 4.55 1.24 0.24 1,100 5,005 1,364 264
G2 0.91 0.71 0.14 1,000 910 710 140
G3 0.66 0.20 0.43 1,500 990 300 645
G4 0.10 0.02 0.06 1,000 100 20 60
G5 0.03 0.01 0.01 3,000 90 30 30
G6 0.00 0.04 0.00 4,300 0 172 0

G7 0.00 0.00 0.00 1 ,700 0 0 0

Tota 1 13,600 7 ,0 95 2,596 1,139

DOLL Y VARDEN CHAR

0+ )1+ 0+ )1+

G1 0.00 0.06 1,100 0 66
G2 0.00 0.04 1,000 0 40
G3 0.68 0.70 1,500 1,020 1,050
G4 0.58 0.63 1 , 000 580 630
G5 0.19 0.85 3,000 570 2,550
G6 0.14 1.51 4,300 602 6 ,4 93

G7 0.00 2.37 1 ,700 0 4,029

Total 13,600 2,772 14, 858

~~~



Appendix 9.2 population estimates for juvenile salmonids
in Tenas Creek, september and October 1984

Site
Number of Fi sh

per Li near Meter

Length of Stream
Represented by
Sample Site (m)

population Estimates
by Sect ion

STEELHEAO TROUT

0+ 1+ )2+
0+ 1+ )2+

T1 2.56 0.54 0.02 2, 900 7,424 1,566 58

T2 0.29 0.85 0.53 2,900 841 2,465 1,537

T3 0.03 0.16 0.00 2, 900
87 464 0

T4 0.00 0.24 0.28 3 ,000
0 720 840

Tota 1

11,700 8,352 5,215 2,435

OOLL Y VAROEN CHAR

0+ )1+
0+ )1+

¡ T1 0.00 0.05 2 , 900
0 145

. ,

T2 0.00 0.10 2,900
0 290

T3 0.19 0.59 2, 900 551 1,711

T4 0.48 0.44 3 ,000 1 ,440 1 ,320

Tota 1

11 , 700
1 , 991 3,466

: i

i
~~~
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Appendix 10 Results of

Trap Site
No. Location 1

. v,!
1984 Wetland M~ nno~ Trappi ng Program Along the

Wetted # of Fi sh
Date Area (m2) Traps Set Captured

Te1kwa and Bulkley Rivers

Water
Temp. Comments

WLl Km 5
south si de

WL2 Km 3
south side

WL3 Km 2
south. side

\oL4 Km 1
south side

L~L5 Km 5
north side

WL6 Bulkley R.
south side
4 km east of
Tel kwa.
North
corri dor
route~~~

1 Refer to Fi gure

Sept. 13

Sept. 13

Sept. 13

Sept. 13

Aug. 29

Aug. 29

4, 530 9 None

N/A 6 None

3,749 5 21 longnose
suckers
(43-126 mm)

5,141 5 none

13,014 10 None

20,985 10 75 longnose
dace

3.9 for wetland location
//

lloC

80C

80C

lloC

160C
(1600 hr)

160C
(1300 hr)

Thi s wetland area is located at the base
of the hillside draining from mine site
area. No water f1 owi ng between ponds.

This channel (Tributary 1) is crossed by
bridge leading to a farm. Channel blocked
from mai nstem by beaver dam. There is
water flowing year round in this channel
whi ch hi stori ca 11y has had fi sh in it
(local resident's comments).

Beaver dam at pond outlet. Most suckers
captured below this dam. The small out-
1 et stream fl ows through Tel kwa is pro-
posed to be di verted into a dyke area.
The lower end of this channel was sampled
by electroshocking in spring 1984. No
fi sh captured at that time.

The top end of thi s re1 i c channel was sam-
pled. I ntermittent with old beaver dams
present. The lower end of channe 1 is
directly connected to the Telkwa and juv-
eni 1 e fi sh have been observed in thi s area.

Th is is an extens i ve wet 1 and area with
good potential rearing opportunities for
coho salmon. Deep and lots of cover.
A 1.5 m beaver dam restricts access from
the Telkwa River. No visible flow at the
out 1 et - 15 m to the ri ver .

Traps were set on both si des of the CNR
tracks. Suspect 1 itt1e opportunity for
coho salmon. No fl ow at base of beaver
dam just back from the Bulkley River.
Thi s wet 1 and area is quite stagnant and
water qua 1 i ty appears poor. Opportunity
for enhancement by openi ng cul verts through
CNR line.

"J
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Appendix 11 Summary of Aerial Reconnaissance of Coho Salmon Spawners in the Telkwa
River on November 14 and 30, 1984

Ri ver ~~umber of

Secti~n Coho Salmon

( km) Spawners Redds Comment--
NOVEMBER 30 6 Active digging. Fi sh are starti ng to
14 31 2 . colour up and some evi dence of fungus.

32 25 Approx. 1 km below Water Survey cab 1 eway.
33 3 At Cab leway. .
34 40 Approx. 1 km above cab 1 eway . No carcasses.

Ell iott Ck. 22 Lowest 1 km - 1 carcass from eagl e ki 11.
44-47 8 This section has signs of digging but no fish

46 2 Near log - holding.

TOTAL 97 11

NOVEMBER 31 20 Active spawning

30 33 13 At cableway

34 54 1 km above cab 1 e~ay
Ell iott Ck. 13 Open water - 0.5 C .

44 11 Lots of apparent di ggi ng but no fi sh
45 2 4
46 15 2

TOT AL 117 17

November 14 November 30

Weather: Overcast and snowing upstream
of 40 km.

Ice Condi ti ons: SL ush and some surface ice
downstream of Howson Creek.
Anchor ice present through-
out system in riffle sections.

High overcast and sunny periods.

Less anchor and sl ush ice than
during November 14 flight.
Ri ver upstream of km 43 was free
of ice.

Extent of Survey: Km 0 to Km .46 KI 28 to Km 47

1 See Figure 3.19 for section locations. ~~~~
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Tabl e 12.1. Resul ts of Analys~s'Qf 17 Addi ti onal El ements in Fi sh Ti ssues FromGoathorn and Tena~~eks, 19841 /

DETECT! ON SITE G2 SITE G5 SITE T2
EL H1E NT LIMIT MEA~ RANGE MEAN RANGE MEAN RANGE

Sil ver 0.1 ~O. 1 ~O.l-O.l ~O. 1 ~O. 1 ~O. 1 ~0.1-0.1
Gold 0.1 ~O. 1 ~O. 1 ~O. 1 ~O. 1 ~O. 1 ~O. 1

Barium 0.1 0.2 ~0.1-0.3 0.1 ~0.1-0.2 0.1 ~O.L-O.L

Bi smuth 1 ~l ~l ~1 ~1 ~l ~l
Ca 1 c i um 5 1170 969- 1400 863 618-1080 1036 816-1320
Coba 1 t 0.1 0.1 ~0.1-0.2 0.1 ~O. 1 -0.5 0.1 ~0.1-0.3
Ch romi um 0.1 ~O. 1 ~O. 1-0.3 0.2 ~0.1-0.4 0.4 0.2-0.8
Potass i um 1 14950 14200-16700 13600 11300-15100 13700 12400-14700
Magnes i um 1 998 971-1040 1020 968- 1090 987 922-1070
Manganese 0.1 0.2 ~O. 1-0.4 0.2 ~0.1-0.4 0.4 0.2-0.6
r~o 1 ybdenum 0.1 ~O. 1 ~O. 1 ~O. 1 ~O. 1-0. 1 ~O. 1 ~0.1-0.1
Sod i um 50 2765 2420-3360 2630 2140-3200 2730 2290-3020
N i c ke 1 0.1 1.5 0.1-6.9 0.3 ~O. 1 -0.7 0.6 ~0.1-1.7
Phosphorus 5 9840 1070- 1 1100 10600 9650- 11300 10400 9960-10700

Antimony 1 ~1 ~l ~1 ~1 ~l ~1 - 2

Tin 0.1 ~O. 1 ~O. 1-0.8 ~O. 1 ~O. 1 ~O. 1 ~O. 1

Strontium 0.1 ~O. 1 ~O. 1-0.2 ~O. 1 ~O. 1 0.2 0.1-0.3

1 Results are expressed as micrograms of element per gram of dry tissue. See Table

12.1 for moisture content and description of fish species and size.

2 When the mean was calculated, minimum detection limits were used for those samples

where levels were less than the detection limits.
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Appendix 12.2 Detailed Results of Metal Contentrations (Micrograms of Element per Gram of Dry Tissue) in Fish Muscle
Ti ssue From Goathorn and Tenas, ~eeks, 1984

._-

SAMPLE IT %

SITE SPECIES NO. ~im) MOISTURE As Cd Cu Pb Zn Fe Al

G2 Sthd 1 103/931 79.3 0.10 0.25 2.2 0.10 33.5 50 6.1
G2 Sthd 2 . 125 79.5 .; 0.10 2.8 0.20 32.8 89 5.5
G2 Sthd 3 125 79.0 0.06 0.08 2.0 * 34.6 104 5.8
G2 Sthd 4 104 79.4 ,. 0.10 2.2 * 27.5 31 17.2
G2 Sthd 5 111 78.9 0.10 0.14 1.8 0.25 30.9 32 5.9
G2 Sthd. 6 107/75 79.7 0.10 0.20 1.7 0.25 29.6 30 5.1
G2 Sthd 7 120 80.0 0.06 O. 10 1.6 0.28 31.6 24 6.7
G2 Sthd 8 118 80.3 0.06 0.15 1.8 0.20 28.9 42 9.1
G2 Sthd 9 105 79.6 * 0.12 2.0 0.30 34.3 28 5.5
G2 Sthd 10 93/88 79.8 0.06 0.14 1. 7 0.25 30.8 25 8.3

3
- - -

Mean. 79.6 0.07 0.14 2.0 0.20 31.4 45.5 7.5
Range (0.05-0.10 0.08-0.25 1.6-2.8 (0.10-0.30 27.5-34.3 24-104 5.1-17.2

G5 DV 1 126 78.8 * O. 18 1.5 ,. 31.2 22 1.5
G5 DV 2 113/70 79.2 0.06 0.16 1. 7 * 28.6 25 0.3
G5 DV 3 112/90 80.0 0.07 0.18 1. 1 * 34.0 25 *

.G5 DV 4 80/115 79.6 * 0.16 1 2 * 36..0 20 2.3
G5 DV 5 175 79.8 * 0.10 2.2 * 34.5 30 1.4
G5 DV 6 180 78.9 0.06 0.10 2.4 * 26.3 29 3.4
G5 DV 7 173 79.2 * 0.12 2.6 * 30.3 30 1.0
G5 DV 8 134 79.8 0.07 o. , 2 1. 1 * 29.3 16 2.3
G5 DV 9 150 79.8 * 0.10 2.0 O. 10 30.4 25 2.7
G5 DV 10 122 79.7 * 0.10 1.5 * 37.1 20 *-- - -

Mean 79.5 0.06 O. 13,: 1. 7 O. 10 31.8 24 :2 1.5
Range (0.05-0.07 0.10-0.18 1.1-2.6 (0.10-0.10 26.3-37.1 16-30 (0.05-3A
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