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ABSTRACT 

A kokanee spawning survey was conducted on the lower 40 km of the Finlay River in 
northern British Columbia, between October and November, 1990. The Finlay River, 
which flows into the north end of Williston Lake, is to date the only system were 
kokanee from the lake have been found to spawn. 

The survey was conducted to provide information for future enhancement projects. The 
program objectives were to determine the location, timing and numbers of spawners as 
well as habitat information and data on kokanee morphology and age. A total of 6,573 
kokanee were found holding in schools in eight sloughs and back channels along the 
main river. Total escapement was estimated at 10,000 kokanee. 

The back channels and sloughs were up to 5'C warmer than the mainstem and possibly 
provided a more stable environment for incubation than the main river. It appeared that 
the kokanee had moved into these areas before the start of the study. Local residents 
suggest this may have occurred as early as September. Only rl few kokanee spitwncd 
during the study and the remainder still appeared to be about a month away frorn 
spawning when the survey was ended in the first week of November. 

The majority of the kokanee were males (81%). Of the 104 koknncc samplcd, 98% wcrc 
three years old and the rest were aged as two. Meiln nosc-fork Icllgth wils 30.2 clll (11 = 

101, s = 1.29 cm). Fecundity in 25 femrtles riveraged 406 eggs (s = 1 1 1 eggs). 
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PART I 

INTRODUCTION 

1.0 BACKGROUND 

The British Columbia Ministry of the Environment (MOE) retained Aquatic 
Resources Ltd. to conduct a kokanee (Oncorhynchus nerka) spawning survey of 
the lower Finlay River during the fall of 1990. Williston Reservoir, the largest 
body of freshwater in B.C., was created in 1968 after the W.A.C. Bennett Dam 
near Hudson's Hope, was completed. Sections of the Peace, Finlay and Parsnip 
Rivers were transformed into lake habitat. Lacusuine fish species, including 
kokanee, have gradually increased in the reservoir since the area was flooded. 

Kokanee are a non-anadromous foml of sockeye and are thought to have been 
independently derived in different localities from local sockeye populations 
(Ricker 1940). Kokanee occur in the headwaters of the Finlay River in Thutade 
Lake approximately 130 km upstream from the mouth. This stock may have been 
the origin of the present population in Williston Lake. The Thutade Lake 
population probably originated from Skeena River sockeye stocks. Kokanee also 
occur in the headwaters of the Parsnip River, which flows into the southern end of 
Williston Lake. The Arctic Lake population probably originated from Fraser 
River sockeye stocks (Nelson 1968). To date no Williston Lake kokanee have 
been found spawning in the Parsnip River. 

The Ministry of the Environment in conjunction with B.C. Hydro have bcen 
conducting programs to increase recreational fishing opportunities within thc 
Williston Lake area. Kokanee have been the target of some programs due to their 
value as both sport and forage fish. So fir, studies hnve detel.mined t h i ~ t  [here are 
now substantial numbers of kokanee rearing in the reservoir, however littlc 
information has been collected on thc spawning population. To datc, sp;twncrs 
have only been observed in the Finlny River. A survey co~iducted October 10- 13, 
1989 in the lower 60 km of the river by the Ministry of the Environment, found 
3,000 to 6,000 kokanee schooled up in sloughs and side ch;ul~icls off or [lie ~nain 
river (B. Blackman, MOE pers. comm.). At that time there was little evidence of 
any spawning activity. In 1990, Aquatic Resources Ltd. was retained to collect 
more infom~ation on koknnee spawners in the Finlay River. 



The objectives of the 1990 spawning survey were: 

1. To determine timing of kokanee spawning and the strength of the run in 
the lower 40 km of the Finlay River. 

2. To describe the habitat and map the distribution of kokanee populations. 

3. To collect information on morphological characteristics and age structure 
of the population. 

1.1 STUDY AREA 

The Finlay River flows south through the Rocky Mountain Trench into the 
northern end of Williston Lake, 360 km northwest of Prince George (Figure 1). 
The Finlay River is large with channel widths in the lower 30 km averaging 
260 m. Average discharge rates for September to January at Fort Ware are 180, 
159, 85.3, 51.3 and 40.6 m3*sec-l respectively for the years 1961 to 1988 (0. 
Nagy, Wuter Survey of Canada, pers. comm.). Peak flows follow snow melt in 
the spring iind thereafter discharge declines gradually through the summer and 
fall to reach minimum levels in the late winter. 

The area can be accessed either by landing barge from MacKenzie or by a logging 
road that connects the area with highway 97 a few kilometres north of McLeod 
Lake. The logging road runs along the west side of Williston Lake for 
approximately 280 km to Ingenika Arm. Prior to freeze up in November, a barge 
is required to cross the arm. Later in the winter, the Ingenika River can be 
crossed by a temporary bridge. The construction of a permanent bridge across the 
Ingenika River is planned for 1991. Logging roads extend along both sides of the 
Finlay River as far as Fort Ware, 88 km upstream. A bridge across the lower 
Finlay River was completed in October 1990, giving road access to both sides of 
the river. 

The Finlay River lies within a forest management unit held by Finlay Forest 
Industries Ltd. (Fletcher Challange). They constructed a sawnlill and pulprnill in 
MacKenzie at the south end of the lake after being awarded the timber licence in 
1965. Logs from the Finlay River watershed are boomed at the northern end of 
the lake and towed to MacKenzie. The watershed has only been logged for the 
past few years. 

Native settlements are located 70 km upstream at Fort Ware and at Ingenika Point 
14 km south of the Finlay River mouth. The Ingenika band is currently relocating 
their village closer to the mouth of the river. 
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PART I1 

2.1 BIOPHYSICAL SURVEY 

Habitat was described and mapped during the first part of the survey. The 
boundaries to the habitat units of the Finlay River were traced on aerial 
photographs in the field and the unit parameters (%ble 1) were recorded. 

Table 1 
Summary of habitat parameters examined. 

Parameter Method Precision 

Wetted Width 
Channel width 

Mean depth-mainstem 
Mean depth-side chan. 

Substrate composition 
Cover' and debris 
Water Temperat ure 
Max. Velocity 

Rangefinder 
airphoto measurements 

Sounder 
Visual inspection 
Visual inspection 
Visual inspection 

Pocket ther~nome ter 
Floating chip and 

Visual 

Habitat information for the tributaries was recorded on Fish 1-Iabitat Inventory and 
Information Program cards (DFO/MOEP 1987). 

A Ryan thennograph was installed in the mninstem to monitor wilter temper;~tures 
during the study. The therrnogrnph was initially instnlled nenr tlie Fialny Rivcr 
bridge on October 15 but was moved five more kilolnetres upstrealii (Figure 2) 
the next day to an area where the reservoir did not affect stream flows. The 
thermograph was removed at the end of the study on Noveniber 7, 1990. Water 
temperatures were also taken daily in the mainstem with u calibrated pocket 
thermometer and opportunistically in the tributi~ries, side channels and sloughs. 



























Figure 6 Fifty kokanee were observed in Habitat 14 (upper photo). Kokanee were 
observed rising in Habitat 32 (lower photo) but the water was too deep and 
murky for counting. 





slough was isolated from the mainstenl during the fall of 1990 which is probably 
the reason no kokanee were observed there in 1990. 

Habitat 32, approximately 19 km upstream of the Finlay River mouth was the 
next habitat upstream that koknnee were observed This back channel was the 
largest in the lower Finlay with a length of 950 m and an average width of 35 m. 
The substrate was estimated to contain 60% fines, 30% gravel and 10% cobble. 
Groundwater seepage into the brick channel produced warm water temperatures 
ranging from 5'C on October 21 to 4'C on November 4. Kokanee were observed 
rising in a 5 m deep pool at the end of the habitat on October 21. However their 
numbers were never determined due to the depth and poor water visibility 
(2.5 m). No fish were caught in a series beach seine sets. A tangle net set 
overnight caught eight, 1.0 - 2.9 kg bull trout and one female kokanee. All of the 
bull trout stomachs contained kokanee. 

Habitat 37, another small back channel, discharges into a small side channel at the 
20 km mark (Figure 7). This habitat was 45 m long, 12 m wide and had a 
maximum depth of 1.5 m. The subsaate was 95% gravel. Although there was no 
groundwater flow into the back channel evident, water temperatures were warmer 
than that of the mainstem by 2.0 - 3.5'C. On November 6, water temperatures 
were 3.5'C along the bottom even with ice covering most of the habivat. Kokanee 
and a few redds were first observed in this habitat on October 27. The fish may 
have been there at the start of the study as they were very difficult to see. 
Virtually all of the kokanee in this back channel were captured by beach seine on 
October 27. Approximately 10% of the 273 kokanee captured were spent or 
partially spawned. The rest of the femnles were transitional and appeared to be at 
least a month from spawning. 

A school of approximately 1,000 kokiinee was observed in Habitat 50 opposite 
the mouth of the Akie River on October 29. Kokanee also may have been in this 
habitat at tlle start of the study. This slough was 150 m long, 28 m wide, h:id a 
maximum depth of 2.0m and a substrate of 60% fines, 30% gravel and 10% 
cobble. Much of the fines were surfr~ce sediment. Water temperatures ranged 
from 6'C on October 29 to 2.592 on November 4 a t  a depth of 0.5 m. 'l'l~e slough 
was completely frozen over on November 4. The slough wits conncctcd to the 
nlainstem by a small channel 7 m long, 5 rn wide and 0.1 m deep. Members of 
the Ingenika band report seeing kokanee at this locittion in previous ye;lrs (George 
Pierre, pers. comm.). 



Figure 7 A school of 270 kokanee was observed in the upper end of the small back 
channel, Habitat 37 (upper photo). Habitat 50, a slough near the Akie 
River mouth, contained about 1000 kokanee (lower photo). 



Habitat 88 is a slough situated in an area where the main channel used to flow, 
approximately 30 km upstream. A large number of redds (40) and relatively few 
kokanee that varied between zero and 200 fish were observed in this habitat 
(Table 7). A portion of the habitat wiis frozen over and may have provided cover 
for more kokanee than what were observed. 

Habitat 88 was 1,200 m long, 30 m wide, had a maximum depth of 2.5 m and 
substrate that consisted of 80% fines, lo%, gravel and 10% cobble. The large 
proportion of fines that was recorded was mainly surface sediment. The large 
flow of groundwater into the habitat appeared to be responsible for relatively 
warm water temperatures that varied from 3.5"C on October 25 to 4.5"C on 
October 29. 

The largest concentration of kokanee was observed in a back channel 
(Habitat 104, Figure 8) situated approximately 32 km upstream. The school of 
3,000 kokanee, observed on October 17 was one of the first luge concentrations 
of fish to be observed during the study. This back channel was 600 m long, 25 m 
wide, had a maximum depth of 3 m and substrate that consisted of 20% fines, 
50% gravel and 30% cobble. Water temperatures varied bctween 5 and 5.5"C 
between October 18 and November 2. Water temperatures decreased to 0.5'C on 
November 7 as a result of ice buildup in the river which raised water levels and 
caused the makin river to start flowing into the back channcl. ?he ~iu~iibcrs of 
kokanee in this habitat appeared to fluctuate from orie week to tlie next. A week 
after 3,000 kokanee were observed only 30 kokanee were seen arid then on 
November 2, 1000 kokiinee were seen. Again tlie f1uctu;ltion in  riumbers was 
possibly a result of the koknnee taking ~.efirge under the ice that covered the back 
channel near the entrance. The back channel was initially ice free wlicn the fish 
were first observed. Although no spent or partially spawned tish were captured, 
approximately 30 redds indicated that some spawning appeared to be taking 
place. 

Approximately 50 kokanee were observed on November 2 in a small back 
channel (Habitat 115) located 37 km upstream. The back channel was 100 m 
long, 12 m wide, had an maximum depth of '3.7 m and substrate of 20% fines and 
80% gravel. There was little groundwater flow evident and the water temperature 
ranged from 4°C in the open water at tlic end to 3°C under the ice at the cntrance 
on November 2. Subswdte temperatures were 5". No rerlds were evident. 



Figure 8 Habitat 104 (upper photo) contained the largest concentration of kokanee 
observed in the lower Finlay River area. Habitat 124 also contained 
substantial numbers of kokanee (lower photo). 



The second largest concentration of kokanee was observed in Habitat 124, a back 
channel located approximately 38 km upstream. This back channel was 214 m 
long, 30 m wide, had a maximum depth of 2 m and a substrate composition of 
80% fines, 15% gravel and 5% cobble. Most of the fines were surface sediment. 
Water temperatures taken on October 20 and 25 were 3.O"C and 3.5'C, 
respectively. A small, groundwater stream flowed into the upper end of the back 
channel. Two thousand kokanee were observed in Habitat 124 on October 17,20 
and 25 (Table 7). On October 29 only 70 kokanee were observed and then the 
next day 2,000 were again observed indicating that these fish were also moving in 
and out of the cover of ice near the entrance. Two large redds at the end of the 
habitat indicated that some spawning activity was taking place. 

3.3.2 Timing 

Most of the kokanee had probably moved into the slough and back channel 
habitats by the time the project skirted. Members of the Ingenika Band reported 
commonly seeing kokanee as early as September and spawning taking place ;is 
late as January (George Pierre pers, comm.). There was little indication that 
kokanee were continuing to move into these areas during the study, although the 
kokanee numbers appeared to fluctuate in some habitats from one week to the 
next. Ice had started to form during the beginning of the program and the 
fluctuation in numbers was probably due to kokanee moving in and out from 
under the ice. 

No spent fish were among the 19 carcasses examined. This suggests that the peak 
of spawning would occur sometime after the November 7 end of the project. 
Information collected from the local residents and the condition of the fish during 
the study it indicates that kokanee move into the system in September, start 
spawning in mid-October, peak in December and finish in January. Due to the 
lack of data, this timing is only conjecture. 

Periodically during the survey, a 15 nn x 3 m tangle net with 6 cm stretch mesh 
was set in the mainstem, 2 km above the limit of influence of the Williston Liike 
reservoir (Table 8). The net was set for periods of up to two days bctwecn 
October 15 to October 31 in Habitat 11 in iin attempt to detennirie if kok;uice 
were still migrating upstream during the study. A total of 17 nnr~les and I female 
was captured. The female was at a triinsitional state of n1;iturity ;und the ni;ilcs 
were mainly mature. 



Table 8 
Habitat 11 gillnet catches from October 15 to 31, 1990. 

Kokanee 

Date Days ~ a l &  Females White- Bull 
(October) Fishing Trans Mature Trans Mature fish trout 

Total 5 1 1 0 5 5 

The small catches in the tangle net suggest, at most, limited nligration from tlie 
lake during the study. Kokanee may also have been milling around the area 
attempting to return to Habitat 13 where kokanee were observed spawning in 
previous years by local residents. 

3.4 MORPI-IOLOGICAL CIIARACTEIIISTICS 

3.4.1 Sex ratio and maturity 

Only 77 of a total of 412 kokanee (19%) sampled were females (Table 9). A11 of 
the groups of kokanee that were snnipled throughout the lowcr Filllay Rivcr 
between October 15 and November 2 had a higher proporliol~ of ~niiles 1Ii;in 

females. The percentage of fenlales ranged from 4 to 21% ;~nd did not appear to 
change over the duration of tlie study. Sexual developnlcnt in [lie 1n;iles 111;iy 

have made them slightly more susceptible to gillnetting and may have biased tlie 
result somewhat. However the seines, which are less selective, showed similiuly 
low numbers of females. 

The sex ratio of kokanee sampled from Williston Lake in 1988 by gillnet was 1: 1. 
A total of 77 kokanee were sampled from the lower Finlay River during 1989 in 
which the male to female sex ratio was 1:1.75 (64% females) (B. Blackman, 
MOE pers. comm.) 



Table 9 
Sex ratio of kokanee sampled from various habitats in the lower Finlay River, 

October 15 to November 2, 1990. 
-- - - -  - 

Date Habitat Capture Percent 
number technique Females Males Females 

Oct 15-31 11 gillnet 1 17 6 
Oct 18 104 gillnet 7 26 2 1 
Oct 25 124 gillnet 4 20 17 
Oct 27 37 beach seine 5 9 216 2 1 
Oct 30 11 beach seine 5 3 3 13 
Nov 2 104 gillnet 1 23 4 

Total 77 335 19 

Of the 34 females sampled, 29 were in a transitional state of maturity (Table 10). 
Generally, these fish were showing spawning colours, but contained eggs which 
had not yet ovulated. Three spent i'ernilles and two maturc fen~lles were sampled. 
Most of the females did not appear to be very close to spawning condition. The 
maturity of the females indicates that, at the time of the study, a small percentage 
of the females were spawning, but the majority had yet to stiut and probably 
would not be ready for at least another month. 

The three spent females had retained an averige of 2.3 eggs (s = 3.2 eggs) 

Tilble 10 
Maturity of kokanee sampled from the lower Finliiy River 

between October 15 ilnd November 2, 1990. 

Miiturity 

Sex Bright Triinsitional Mature Part spent Spent 

Male 0 4 66 0 0 
Female 0 29 2 0 3 

Most of the males were mature and would express milt when the abdomen was 
squeezed. Only four of the 70 males sampled were in a transitional state of 
maturity. 

3.4.2 Size and age composition. 

A total of 104 kokanee were sampled for age structure and morphological 
characteristics of which 34 were females and 70 were males. The sex ratio of the 
sample does not represent the sex ritio of the population sampled beciiuse an 
attempt was made to sample an  equal number of both sexes. Scale samples 



indicate that the majority of the kokanee sampled were three years old (98.1%) 
and the rest were two years old. Some of the scales were difficult to age as a 
portion had been resorbed. The mean nose-fork length for all kokanee sampled 
was 30.2 cm (n = 101, s = 1.29 cm) (Table 11). There was no significant 
difference between the lengths of female and male kokanee sampled (t-test, 
Py0.05) but there was a significant difference between weights. Mean weights of 
male and females were 0.381 kg (n = 70, s = 0.052 kg) and 0.329 kg (n = 34, s = 
0.043 kg) respectively. 

Table 11 
Breakdown of length and weight in kokanee sampled from the lower 

Finlay River, October - November, 1990 and October 1989. 

N o s e - W l ~ n e l h  krn) Wcieht &el 
Year Sex Age Mean n Sidcv Mcun n Sdcv  

1990 
All 
All 
All 

Females 
Males 

Females 
Females 
Males 
Males 

1989* 
All 

Females 
Males 

All 
3 
2 

All 
All 
3 
2 
3 
2 

3 
3 
3 

* - B. Blacknlan (MOE) pers. comm. 

Kokanee sampled during 1990 wer? similar in size to those sampled in 1989. 

The unimodal frequency distribution of nose-fork lengths (Figure 9) generally 
reflects the uniform age stmctirrc of tlie population. The mode for boll1 sexcs 
occurs between 30 and 31 cm. 

Parameters relating length and weight are contained in Xtble 12. A significant 
correlation exists between nose-fork length and weight for both sexcs ;\t P~0.001. 



LENGTH -FREQUENCY DISTRIBUTIONS OF KOKANEE 

SAMPLED FROM THE LOWER HNLAY RIVER 

FIGURE 9 



Table 12. 
Linear regression puametersl for kokanee 

lengthlweight relationships by sex. 

Sex n a b r 

Males 68 -4.72 1 2.94 1 0.890 
Females 30 -4.527 2.845 0.884 
All 101 -4.83 1 2.5580 0.853 

The parameters relating nose-fork length and post-orbital hypural lengths in the 
equation: 

Nose-fork length = b(P0H length) + a 

are contained in Table 13. A significant correlation exists between nose-fork 
length and length for both sexes at Ps0.001. 

Table 13. 
Linear regression parameters for nose-fork 

and POH length for kokanee by sex. 

Sex n a b r 

Males 68 1.969 1.167 0.90 1 
Females 30 7.215 0.940 0.886 

3.4.3 Fecundity, cgg size and gonadosoniatic iridiccs 

Twenty-five female kokanee, ranging in size from 27.7 cm to 31.8 cm in length 
(nose-fork) were sampled for fecundity. These fish had an average nose-fork 
length of 29.9 cm (s = 1.17) and an average fecundity of 496 eggs (s = 1 1 1). 
Females siimpled in 1989 had fecunditics that avenlged 508 eggs (11=5) (L3. 
Blackman (MOE) pers. comm.). 

The regression of number of eggs on length (c~n) was cn1cul;~tcd for tl~c saniplcs 
collected (Table 14). There was a sigriificant correlation (Ps0.05) between both 
nose-fork length and POH length and fecundity, although the correl;~tion was not 
strong. Fecundity and fork length were related as: 



Table 14 
relationships1 for kokanee sampled from the lower Finlay River 

October-November 1990. 

Length n a b r~ r0.05(2).25 

Nose-fork 25 -2.77 3.70 0.55 0.40 
POH 25 - 1.36 2.92 0.53 0.40 

Linear regression parameters and Spearman's rank correlrition coefficients (r,) 
for log(fecundity) and log(1ength (mm) 

The mean nose-fork length of the females sampled for fecundity (29.9 mm) was 
the same as the nose-fork length of all 34 females sampled during the study, 
therefore the average fecundity for the total sample would be 496 eggs. With an 
estimated escapement of 10,000 kokanee to the lower Finlay River of which only 
19% or 1,900 of them were females, the total egg deposition would have been 
940,000 eggs. 

Water hardened egg diameters were only measured from two mature or partially 
spent kokanee because most of the 34 kokanee sampled had not ovuliited. The 
egg diameters of both kokanee were 5.4 mm. 

The average female gonad weight was 42.1 g (n = 29,s = 9.9) and weights ranged 
from 22.8 to 60.2 g. For males, average gonad weight was 11.6 g (n = 70, s = 2.4) 
and ranged from 3.7 to 16.8 g. 

The gonadosomatic index for male and female kokanee sampled from the Finlay 
River is significantly different between males and females (B~utlett's tcst for 
homogeneity of viuiances Ps0.05). Average GSI for females wris 12.5 1 rind fro111 
males was 3.04 (Table 15). There was no significant difference (Bartlett's test 
P<0.05) in GSI over time for males (October 19 to Novenlber 11) and felnales 
(October 19 to October 26) 

Table 15 
Gonadosomatic Index by sex for kokanee salnpled 
from the Finlay River, October to November 1990. 

- - ~ -~ 

Sex n mean Stdev Minimum Maximum 

All 99 5.81 4.49 1.03 17.57 
Male 70 3.04 0.46 1.03 3.86 
Female 29 12.51 2.04 7.20 17.57 



3.5 CONCLUSIONS 

Slough and back channel habitat were the only ,mas where concentrations of 
kokanee were observed in the lower Finlay River. The gravel in these areas did 
not appear to be as suitable for spawning as gravel in the mainstem glides as there 
was a higher proportion of fines. In addition, these areas appeared to have less 
water percolation due to the low current velocity. The slough and back channels 
did, however, have two characteristics that possibly made these areas more 
favourable for spawning. 

First, water temperatures were up to 5'C warmer than those of the mainstem. 
Even when these habitats were covered with ice, the water temperatures were still 
warmer. Subgravel temperatures were possibly even wanner than the water 
temperatures. On November 2 subgravel temperatures in a back channel 
(Habitat 115) were 5'C while water temperatures were 3'C. 

The instability of the mainstem is a second factor that may make the mainstem 
unsuitable for spawning. Water levels stuted to increase and flows changed as 
the river froze over in early November. Water levels rose an estimated 50 crn on 
November 6 and 7 at the location of the Ryan thermogaph (Figure 2). Ice 
buildup in the mainstem caused water to flow in parts of the chiinnel that were 
previously dry while other areas received less flow. Flow instability during the 
winter may make the mainstem unsuitable for spawning. 

One or both of these two factors (temperature and stability) may be responsible 
for higher egg to fry survival rites in the sloughs and back chilnnels. 

Not only was the mainstem unstable, but some of the sloughs and back channels 
appear to be unstable as well. The conditions of Habitat 105, a back chonnel, 
changed during the study and may have been less favourable to spawning 
kokanee as water temperatures and probably subgravel temperatures dropped due 
to the rerouting of the mainstem flows when ice built up in the main channel. In 
another instance, a member of the Ingenika Band reported observing kokanee 
spawning in a slough near Pesika Creek (Habitat 13). However, the channel had 
changed so that this year kokanee were blocked from reaching this area. The 
instability of the system is probably an important limiting factor to kokanee 
production. 

Warm subgravel temperdtures of the sloughs and back channels at least partially 
account for the late timing of spawning. The timing of runs of coho, chum and 
sockeye, that spawn in groundwater fed sources typically, iuc l a w  lllnn r1111s that 
spawn in mainstem habitat (D. Marshall, DFO pers. colntn.). In addition, the 



optimum tinling of emergance of fry may be late possibly due to late spring 
plankton blooms in Williston Lake. 

3.6 RECOMMENDATIONS 

3.6.1 Broodstock acquisition 

The collection of mature females from the lower Finlay River may be difficult in 
the future. In 1990, most of the areas where kokanee were holding froze over 
before many of the fish were mature. By November 7 it appeared that the 
majority of females were at least another month from spawning, so it is possible 
that, even though 1990 was cooler than normal (Table 2), freeze up comes before 
the females mature during most years. 

Kokanee in the transitional stage of maturity could be collected in October and 
held at another location until they matured. Possibly the best areas for broodstock 
collection would be habitats 104 and 124. Thcse two back channels had the 
highest concentrations of kokanee and the channels would be accessible by 
jetboat. Fish could be captured using a 20 m x 3 m beach seine with 5 cm or less 
stretch mesh. 

The slough opposite the mouth of the Akie River (Habitat 50) may also be a good 
location to capture broodstock. This slough, only 30 m from the main river 
behind a large log jam, would be inaccessible by boat, but a beach seine could be 
carried or flown to the site and then set using a person in a dry suit or with ropes 
from the shore in this small habitat. 

Due to the unstable nature of the system, some of the areas where kokanee were 
observed in 1990 may not be accessible or favourable for spawning in future 
years. The locations of concentrations of kokanee must be determined on an 
annual basis before broods tock is collected. 

There are three sites that a jet boat can be launched. The best site is the barge 
landing at a gravel pit near the mouth of the river (Figure I), however this launch 
is also the farthest from the two back channels. Another location a boat could be 
launched is approximately 14 km upstream along the right bank at the end of the 
Branch 2000 road. The road goes to thc edge of the bank, but the bank is reposed 
and approximately 6 m high. A boat could easily be slid down the bank into the 
river at this location but it would have to bc winched back up. The third site is 
located approximately 27 km upstream along the left bank 3 km above the Akie 
River. A logging spur, branching off of the mainline, extends to the river's edge. 



The bank is flat in this area and some work, such as small tree removal and bank 
excavation may have to be done to drive a mck and boat to the water. 

3.6.2 Enhancemcn t opportunities. 

There are several techniques that could be employed to enhance the kokanee 
population of Williston Lake using Finlay River broodstock. These include the 
use of hatcheries, spawning channels and the transfer of adults into inaccessible 
sloughs. The Finlay River is the only system that Williston Lake kokanee have 
been found to utilize for spawning (B. Blackman, pers. comm.). The area 
suitable for spawning within the Finlay River appears to be small as only the back 
channels and sloughs appear to be utilized. The total area of the sloughs and back 
channels surveyed was 257,000 m* and of that only a portion has spawning 
potential as much of the area has unsuitable substrate or insufficient depth. Using 
a density of 5.2 kokanee-me2, thought to be the ideal density of spawners in the 
Meadow Creek spawning channel (Acara 1977), the maximum ideal escapement 
to the Lower Finlay would be 1.3 million kokanee. However, as not all the back 
channels and slough habitat is suitable for spawning the number would be much 
lower. The rearing area of Williston Lake likely exceeds the number of progeny 
that could be produced by a maximum escapement to the lower Finlay River as 
such a small proportion of it appears to be suitable for spawning. An 
enhancement program may therefore be necessary to help more fully utilize the 
available rearing area. 

3.6.2.1 Hatcheries 

Finlay River kokanee should be tested for disease, pwticu1;uly the infectious 
hematopoietic necrosis (IHN) virus, before any hatchery program is embarked. 
The virus, which has been found in ;tln~ost all stocks of sockeye, examined 
(Amend and Wood 1972; Grischkowky i~nd Amend 1976), has been the muin 
reason for the failure of many sockeye hatcheries (Williiims itnd Amend 1976). 
Of the siilmonids, sockeye are tile most s~~sceptible to tlic disc;ise (Lxong 1984). 
The susceptibility of sockeye to [lit: virus hits lead to scvcre losscs wlicn sockcye 
are cultured using standard hatchery tecliniques. The spatial sepiuiition of eggs 
and fry appears to limit tlie spread of the disease in the wild, iilthough tlicre has 
been evidence of severe impacts on wild stocks as well (Williams and Amend 
1976). 

The disease is usually only evident at the extreme ends of the fish's life cycle 
(Mulcahy et al. 1082). Mortalities generally occur only in the egg to fry stage 
(Amend 1974), with few exceptions (Traxer 1986 and Williams and Amend 



1976). Although most sockeye carry the virus, epizootics only seem to occur with 
heavy exposure. If epizootics do not occur the virus can not be detected until the 
fish start to spawn (Mulcahy et al. 1982). The virus can be detected in some 
stocks of mature fish, but it becomes most evident, especially in females, after 
spawning has been completed (Saft 1987). This characteristic of the virus 
appears to be a mechanism for the transmission of the virus to the next 
generation. During spawning, heavy concentrations of the virus appear in the 
visceral organs, gonadal fluids and gills. The virus can be transmitted to other 
adults at this stage under crowded conditions (Mulcahy et al. 1983). The virus is 
also transmitted vertically through the egg to the next generation. Infection can 
spread through the eggs and fry under hatchery conditions resulting in losses. 

3.6.2.2 Spawning channels 

The Finlay River kokanee population appears to be unique in that the run spawns 
much later and during cooler temperatures than other kokanee stocks. To be 
successful, a spawning channel that utilized Finlay River broodstock would have 
to have a similar temperature regime or some means of assuring the accumulation 
of thermal units at a rate similar to that of the natural stock. For optimal 
survivals, fry migration in the spring should to be synchronized to the spring 
plankton bloom in Williston Lake. Bilton and Robins (1973) found that two 
weeks was the maximum time that Fulton River sockeye fry could survive 
without food before large mortalities occurred. 

The limited temperature data collected during 1990 suggests that the areas where 
the Finlay River kokanee spawn were warmer than that of the mainstem. 
Therefore a spawning channel in the Finlay River area may require groundwater 
that approximates the subgravel temperatures that occurs in the sloughs and back 
channels. 

The Salmonid Enhancement Program of Fisheries and Oceilns Canada has 
constructed a number of small groundwater fed spawning channels for coho, 
chum and sockeye (D. Marshall, DFO pers. comm.). These spawning cllilnnels 
are constructed from side channels that are graded below the water table. As a 
result, groundwater, that is relatively w m  in the winter and cool in the summer, 
percolates through the gravel. Dykes we often constructed to prevent the 
channels from becoming destroyed during freshets. Improved groundwater-fed 
channels in British Columbia are typically 300-1000 m long, 5-6 m wide, 20 - 40 

3 1 cm deep and have discharges of 0.085 to 0.14 m s' (Sheng et al. 1990). The 
timing of fish that spawn in groundwater channels is often later than stocks th;it 

spawn in the main river because of wiumer subgrnvel temperatures. Assessments 



indicated that these spawning channels were highly productive compared to 
natural streams (Lister et al. 1980; King and Young 1986 and 1986b; Bonnell 
1990; Sheng et al. 1990). 

The Finlay River may be particularly well suited for the enhancement of kokanee 
through the use of improved groundwater-fed side channels. Kokanee already 
spawn in a number of groundwater-fed side channels at the present time and it 
appears that the instability of these areas from one year to the next is possibly 
decreasing the productivity of the system. Productivity could be improved by 
stabilizing these areas through the construction of dykes. Some of the spawning 
areas also have a fairly high percentage of fines, so the addition of pave1 would 
also improve the spawning habitat. The low gradient of the system is one factor 
that could limit the improvement of flow into the spawning areas. The gradient in 
the lower 40 km of the river is only 0.1%. 

The habitats 13, 104 and 88 would be the most amenable to improvement. All 
three of these areas are relatively close to road access and have or have been 
utilized by kokanee for spawning. Habitat 13 has the best road access with a 
logging road (Branch 2000) leading almost to the edge of the habitat. Although 
this habitat did not have kokiinee spawning in 1990, it has supported kokanee 
spawning in the past. A channel would have to be dug from this slough to the 
main channel and a dyke constructed between the slough and the river. Habitat 
104 is about 1.5 km from the Branch 21,000 road (Figure 3). The construction of 
a dyke would probably greatly increase the productivity of this back channel. 
Near the end of the study ice ridges in the main channel started to divert cold 
mainstem water into this back channel. Habitat 88 is the closest of the three 
habitats from a mainline logging road at 0.7 km. However, this 1iub.e slough is 
the farthest from the mainsten) and may require thc most dyking and 
channelization to stabilize the area. 

3.6.2.3 Outplanting Adults 

The transfer of kokanee from areas that have a high concentration of sp;rwners to 
other back channels and sloughs that have few or no spawners would increase the 
amount of spawning habitat available. Kokanee appear to be concentratcd in 
relatively few areas, although there are a number of back channels and sloughs. 
The system is unstable which cause some suitable habitats to ilppear and 
disappear from year to year. 



3.6.3 Future Studies 

If an enhancement program is to be undertaken the following studies are 
recommended: 

1) A zooplankton watch in Williston Lake should be conducted to determine 
the timing of the spring bloom. Any enhancement program should be 
structured so that the emergence of kokanee fry would coincide with the 
spring bloom. 

2) A spring fry trapping program using 2x3 incline plane traps should be 
conducted to establish the timing of the outmigration of kokanee fry. 
Baseline information on the size and condition of the juveniles could also 
be collected at this time. 

3) Incubation temperatures in the spawning areas should be collected. 
Subgravel temperatures over the winter could be monitored using a Ryan 
thennograph planted in the gravel of a back channel used for spawning. 
In addition, surface temperatures in the back channel and mainstem and 
subgravel temperatures of the mainstem would be useful for comparative 
purposes. Temperature information may provide more clues as to why the 
kokanee are utilizing the sloughs and back channels. The time of 
emergence of the kokanee fry could also be estimated. 

4) The peak of spawning during 1990 appeared to occur after the end of the 
study and after freeze up during the beginning of November. It was 
difficult observe the movements and state of spawning once freeze up 
occurred. A radio tagging program could be conducted to detcmiine if in 
fact the kokanee are spawning in the back chi~nnels ilnd sloughs or just 
holding there only to move into the mainstem or further upstrean1 at a lilter 
date. Radio tags should be placed on kokanee :is they are entering the 
system. 

5 )  Radio tags would allow the movements of the kokitnee to be tracked but 
they would not enable the timing of spawning to be detemiined once 
freeze up occurred. Once spawning locations are determined fron~ the 
radio tags, one way to detennine tinling after freeze up would be lo select 
a back channel or slough with it good concentr~tion of kokiinee and to 
periodically use scuba gear to exilmine fish condition. Diving undcr river 
ice has proved useful in monitoring movements of chinook under ice 
cover in the Nechako River (C. Levings, DFO pers. comm.). 



6)  A sample of kokanee from the lower Finlay River should be analyzed for 
disease. The samples should be as close as possible to the end of their life 
cycle as many diseases become more evident as the immune system 
breaks down. 



PART IV 

SUMMARY 

1) The Finlay River is, to date, the only system where kokanee from Williston Lake 
have been found to spawn. A spawning survey was commissioned by the B.C. 
Department of the Environment to conduct a kokanee spawning survey of the 
lower Finlay River between October 10 and November 10, 1990. 

2) The objectives of the survey were to determine the location of spawning, the 
numbers of spawners and the timing of spawning. In addition, habitat 
information was to be collected and information on the morphological 
characteristics and the age structure of the populations was to be collected. 

3) The weather during the survey was cooler than normal for October and 
November. As a result of the cool air temperatures, water temperatures in the 
Finlay River mainstem dropped to near zero during two periods. One period was 
for a week during the beginning of the study and another was during the last week 
of the study. The river started to ice up on both occasions. 

4) While mainstem water temperatures were close to zero temperatures in the back 
channels and sloughs were up to GeC wiunler. 

5 )  Water levels decreased slowly throughout the project until the second cold period. 
During the second cold period the levels dropped more rapidly until the river 
froze over. They then rose rapidly to reacli higher levels than before the st:lrt of 
the study. Wnter levels rose and flows became rerouted as the channel beca~iic 
blocked with ice. 

6) The lower Finlay River contained 4.4 km2 of mainstem habitat (wetted area) and 
0.6 km2 of side chilnnel habitat. The ni;~inslem consisted of long glides scl~;~r;~tccl 
by short sections of riffle. The side channels, lllii1iy of wliicli hiid no or little [low, 
chiefly consisted of glides, back cha~inels and sloughs. 

7) Schools of kokanee were primarily observed in the sloughs and back channels. A 
total of 6,600 kokanee were found in eight back channels and sloughs. Although 
the substrate in these areas did not appear as suitable for spawning as in the 
mainstem, these areas tended to be warnler and were possibly more stable during 
the winter. I t  was estimated that there were as many as 10,000 kokanee spawning 
in the sloughs and back channels along the lower Finlay Rivcr. 



8) It appeared that the kokanee were in the system before the start of the study and 
spawning had only just started by the end of the study. Judging from information 
from the local residents and the maturity of the fish, it appears that the kokanee 
arrive in the system in September, start spawning in late October peak in 
December and finish in January. The late timing of the run may be due to 
relatively warm subgravel temperatures and a late optimum time of emergance. 

9) The majority of the kokanee in the lower Finlay River were males. The male to 
female sex ratio of 412 kokanee examined was 1 : 4.4 (19% females). Most of 
the males were mature while most of the females were no longer bright and had 
not yet ovulated (transitional state of maturity). 

10) Almost all (98%) of the 104 kokanee sampled were three years of age. The rest 
were 2 years old. The overall nose-fork length was 30.2 cm (n = 101, s = 
1.29 cm). Females averaged 29.9 cm (n = 3 1, s = 1.3 cm) long and males 
averaged 30.3 cm (n = 70, s = 1.3 cm) long. 

11) Twenty-five females sampled for fecundity had an average of 496 eggs (s = 11 1 
eggs). The average length of the females sampled for fecundity was the same as 
the average for all 31 females sampled. The total potential egg deposition of an 
escapement of 10,000 kokanee would have been 93 1,000 eggs. 

12) It would be difficult to collect mature kokanee for broodsttxk acquisition because 
the system will likely freeze up before the females mature. To collect broodstock 
it may be necessary to seine koknnee in the back channcls and sloughs in October 
before freeze up. Many of the fernales would then Iluvc to be llcld for at 1c;ist a 
month until they matured. 

13) Three possible methods of enh;lllcemcn t woulcl be ;I h;~tcllcry orograln, t hc 
improven-]en t of groundw;~ter-fed side ch;inncls, nnd ou tpl;ul ting adu Its into 
inaccessible or urldcr utilized slouglls arid back clln~l~lcls. 'lllc l:i111;1y l<ivcr 
kokanee should be tested for 1HN bcl'ore n hatchery prognum is cmbarkcd. 
Sockeye itre very susceptible to 11-IN virus so spcci:ll h:~tchcry proccclures may 
have to be followed if the fish ;ue inl'cctcd. Snlnll grou~ldw;itcr l'cd spiiw~ling 
channels for coho, chum and sockeye have been co~lstructed by the Salrnonid 
Enhancement Program. Similar c1l:innels could possibly be constructed along the 
Finlay River for kokanee. 

14) If an enhancement progrrlm is planned, future studies could include: disease 
sampling, monitoring of subgravel temperritures on the spawning grounds, a 
downstream trapping program of juveniles in the spring, radio tracking of 
spawning ildults, and the deterniin;~tion of time that spawning peaks ilnd ends. 
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KOKANEE ~UkPHOLOClCAL AND AGE DATA 

Date Fish # Otolith t Sex 
10115190 1 v I n 
10/15/90 2 V2 ti 

3 v3 n 
4 v4 n 
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B VB n 
4 v9 n 
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11 V11 n 
12 VIZ n 
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14 V14 H 
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17 V17 n 
18 V18 H 
19 V19 n 
20 V20 n 
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B 7 
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69 
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1'?30 YEATHER DATA COLLECTED fROH THE LOWER f[kLAY R I V E R  

Date 

O c t .  13 
11 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2 6 
27 
28 
29 
30 
31 

Nov. 1 
2 
3 
4 
C 

6 
7 

Hean Oct 
hean Nov 

rlean t o t a l  

T i r e  Present 
t e r p  
i o c l  

10: 15 4.5 
8: 20 -6.0 
8: 00 -7.0 
8: 00 -4.5 
7: 55 -11.5 
8: 10 2.5 
8:05 -10.0 
8: 05 -7.0 
7: 55 0. 0 
8: 05 0.0 
8: 16 2.0 
7: 55 4.0 
8: 00 -3.0 
8: 05 -'= ' 

J. U 
8:00 4.0 
8: 05 -0.5 
7: 45 -2.0 
7: 50 -2.0 
8: 00 -3.0 
7:40 -7.0 
7:40 -c a. 0 ' 
7: 50 -7.0 
7:45 -12.5 
7:40 -18.0 
7:15 -9.0 
7:40 -2.5 

Hin. Hax. Hean Precip.  
temp. temp. tesp. ismi 

iaCj  ioCi isC j  
0 

-7.0 2.5 -1.0 0 
-*3,0 6.5 2.  0 0 
-9.0 3.0 -1.5 5 
-13.0 3.5 -3.0 0 
-11.5 6.0 0.3 C 

-10.0 0,0 -5.0 25 
-12.0 2.0 -4.0 0 
-8.0 2.0 -2.0 i r a i e  
-3.0 6.0 7 .  J 0 I C 

-4.5 6.5 4.3 u 
-1.0 
C C 

-J. J 7.0 4.2 u 
-6. 0 2.0 -i.O A. 

I 

-5, (1 4.0 1.5 t r a i e  
-0.5 6.0 5.6 3 
-4.0 2.0 0.0 I 
-3. i, 2.0 0.5 30 
-3.0 1.0 i . J  0 .-. C 

-8.0 1.0 -3.0 0 
-8.0 0.0 -4.u o 
-8.0 -3.0 -7. 0 25 
-12.5 -4.0 -1U.3 50 
-10.0 -7.0 -16.11 0 
-13.5 -6.0 -17.6 0 
-3.0 -.-, c -. J -7. 0 1 5  

Type ~i 
P r e i i p .  

snow 

r a i n  

r a i n  

snou 
r a i n  
5now 
snou 
s n w  

5nou 
snow 

Ulnd b i n d  
s t rength  dire it lor^ 

tknJ 
10 S 
0 
0 
0 
1 ii 
7 

L ;4 
0 
0 
C 5 - 5 
20 5 



1490 FIIiLAY RIVER HYDROLOGY DATA 

DATE 

OCT 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
29 

30 
3 1 

NOV 1 
2 
3 
4 
5 
6 
7 

HklNSTEH NAINSTEH 
TlHE YATER TEMP HABITAT TEHP HABITAT 

L E V E L i c a )  (oCi i o C i  

- 3.0 
2.0 PESIKA CR 

l 4 u  1.5 AKIE R. 
137 0.0 

- 0.0 104 

- 
,. ..-0.3 104 

139 6.5 32 
138 1.0 TSYADIZ CR 
135 0.5 6 7 
139 1.5 PESIKA Ck 
13'3 0.5 88 
133 0.5 
131 1.0 37 
137 1.0 
136 0.5 37 

9.j 
C C  JJ 

134 0.0 13 
134 0.0 

u. 0 
123 0.0 104 

0.u 6 7 
107 0.0 26 
94 0.0 C ' 

.I u 
103 0.0 36 
150 ir.0 104 

2.0 
2 . 6  TSAYDIZ CR 

5.0 124 
C '  
J. u 
0.0 AKIE R. 
2.0 
1.5 
3.5 104 

C '  
J. U 11: 
2.5 
2.0 32 
2.5 TSAYDIZ CR 
3.: 
0.5 

TEtiP HABITAT TEIIF' 
i o c j  I& j 



Thermmraph record from Flnlay Rlver malnstenl, Fall 1990 
MDhr  T ( ' C )  H D h r  T ( ' C )  RDt l r  T( 'U)  MDhr T ( ' C )  MDhr T ( ' C )  M D h r  T ( ' C )  

O ~ t 1 5 1 1  1.2 17Oct13 -0 .2Oct19 lS -0.2 Oct21 17 0.6 O ~ t 2 3 1 9  0.9 &L2521 0.7 
O ~ t 1 5 1 2  1.4 17Oct14 -0.2 Oct1916 -0.2 a t 2 1  18 0.7 O ~ t 2 3 2 0  
Oct IS  13 1.4 1 7 k t  15 -0.2 Oct 19 17 -0.2 k t 2 1  19 0.6 Oct2321 
Oct1514 1.6 17Oct16 -0.4 Oct1918 -0.3 k t 2 1 2 0  0.5 k t 2 3 2 2  
Oct 15 15 1.6 170Ct 17 -0.3 Oct 19 I 9  -0.3 Oct21 21 0.5 k t 2 3 2 3  
Oct1516 1.6 170ct18 -0.2 Oct1920 -0.3 k t 2 1 2 2  0.4 k t 2 4 0 0  
Oct 15 17 1.7 17Oct 19 -0.3 Oct 1921 -0.3 O ~ t 2 1  23 0.4 Oct240l 
k t 1 5 1 8  1.7 17Oct20 -0.3 k t 1 9 2 2  -0.3 O ~ t 2 2 0 0  0.4 k t 2 4 0 2  
k t 1 5 1 9  1.8 170~121  -0.2 k t 1 9 2 3  -0.3 Oct2201 0.4 Oct2403 
Oct 15 20 1.6 17 Oct 22 -0.3 Oct 20 00 -0.3 k t  22 02 0.3 Oct 24 04 
Oct 15 2 1 1.8 17 0ct 23 -0.4 k t  20 0 1 -0,3 0ct 22 03 -0.1 0ct 24 05 
Oct 15 22 1.8 18 k t  00 -0.3 Oct 20 02 -0.4 Oct 22 04 -0.2 k t  24 06 
k t  1523 1.7 18OctOl -0.4 Oct2003 -0.3 Oct2205 -0.2 0Ct2407 
Oct1600 1.7 1 8 k t 0 2  -0.3 k t 2 0 0 4  -0.3 Oct2206 -0.1 k t 2 4 0 8  
Oct1601 1.6 180~103 -0.3 Oct2005 -0.3 k t 2 2 0 7  -0.2 0 ~ 1 2 4 0 9  
k t 1 6 0 2  1.6 1 8 k t 0 4  -0.3 Oct2006 -0.3 k t 2 2 0 8  -0.2 Oct2410 
k t 1 6 0 3  1.6 1 8 k t 0 5  -0.3 Oct2007 -0.4 k t 2 2 0 9  -0.2 k t 2 4 1 1  
OCt1604 1.6 18OCtO6 -0.4 Oct2008 -0.3 OCt2210 -0.2 Oct2412 
k t 1 6 0 5  1.6 180~107  -0.3 Oct2009 -0.3 k t 2 2 1 1  -0.3 0 ~ 1 2 4 1 3  
k t 1 6 0 6  1.5 18Oct08 -0.3 oCt2010 -0.2 Oct2212 -0.2 k t 2 4  14 
k t 1 6 0 7  1.5 18Oct04 -0.3 Oct2011 -0.3 Oct2213 0.5 Oct2415 
Oct 16 08 1.4 18Oct 10 -0,s Oct 20 12 -0.3 k t 2 2  14 0.6 Oct 24 16 
Oct1609 1.4 18Oct l l  -0.2 Oct2013 -0.4 Oct2215 0.7 k t 2 4 1 7  
Oct1610 -0.6 1 8 k t 1 2  -0.3 k t 2 0 1 4  -0.3 Oct2216 0.7 0132418 
Oct1611 1.4 1 8 k t 1 3  -0.3 k t 2 0 1 5  -0.3 k t 2 2 1 7  0.7 O ~ t 2 4 1 9  
Oct1612 1.4 18Oct14 -0.3 Oct2016 -0.3 k t 2 2 1 8  0.8 Oct2420 
Oct 16 13 1.6 18Oct 15 -0.3 k t 2 0  17 -0.3 k t 2 2  19 0.7 k t 2 4 2 1  
k t 1 6 1 4  1.6 1 8 k t 1 6  -0.3 0 ~ 1 2 0 1 8  -0.3 k t 2 2 2 0  0.7 k t 2 4 2 2  
k t 1 6 1 5  1.6 1 8 k t 1 7  -0.3 0 ~ 1 2 0 1 9  - 0 . 2 0 ~ 1 2 2 2 1  0.7Oct2423 
Oct 1616 1.7 18Oct 18 -0.3 k t 2 0 2 0  -0.3 k t 2 2 2 2  0.7 Oct2500 
k t 1 6 1 7  1.8 18Oct19 -0.3 oCt2021 -0.4Oct2223 0.7 Oct250I 
k t 1 6  18 1.8 180~120  -0.3 k t 2 0 2 2  -0.4 Oct2300 0.7 k t 2 5 0 2  
k t 1 6 1 9  1.6 180~121  -0.3 0192023 - 0 . 3 k t 2 3 0 1  0.6Oct2503 
k t 1 6 2 0  1.7 1 8 k t 2 2  -0.4 Oct2100 -0.3 0 ~ 1 2 3 0 2  0.b 0ct2504 
OCt1621 1.6 18Oct23 -0.3 Oct2101 -0.3 k t 2 3 0 3  0.b k t 2 5 0 5  
k t 1 6 2 2  1.5 19ktOO -0.3 0 ~ 1 2 1 0 2  -0.3 0 ~ 1 2 3 0 4  0.4 Oct2506 
Oct1623 1.4 1 9 k t 0 1  -0.3 Oct2103 -0.3 0ct2305 0.5 k t 2 5 0 7  
Oct 17 00 1.4 19 Oct 02 -0.2 0 ~ 1 2  1 04 -0.3 Oct 23 06 0.5 Oct 25 08 
OCt17Ol 1.2 1 9 k t 0 3  -0.3 0 ~ 1 2 1 0 5  -0.3 0 ~ 1 2 3 0 7  0.5 k t 2 5 0 9  
Oct1702 1.2 19Oct04 -0.4 k t 2 1  06 -0.3 Oct2308 0.5 Oct2510 
Oct1703 1.1 19Oct05 -0.3 k t 2 1 0 7  -0.4 Oct2309 0.5 Oct2511 
Oct 17 04 0.9 19 k t  06 -0.3 Oct 2 1 08 -0.3 Oct 23 10 0.6 Oct 25 12 
k t 1 7 0 5  0.7 190~107  -0.3 Oct2109 -0.3Oct2311 0.6 Oct2513 
k t 1 7 0 6  0.7 1 9 k t 0 8  -0.3 (kt21 10 -0.3 k t 2 3 1 2  0.6 k t 2 5 1 4  
Oct1707 0.6 190ct09 -0.3 0 3 2 1  1 1  -0.3 Oct2313 0.7 Oct2515 
Oct1708 -On\ 190~110 -0,3 Oct21 12 -0.2 k t 2 3 1 4  0.7 0~12515 
Oct1709 -0.1 1 9 0 c t I l  -0.3 Oct21 13 -0.1 Oct2315 0.7 Oct2517 
k t  17 10 -0.2 1903  12 -0.3 k t  21 1 4  0.4 0ct 23 16 0.7 Oct 25 18 
k t 1 7 1 1  -0.2 190ct13 -0.2 Oct21 15 0.6 Oct2317 0.8 0 ~ 1 2 5 1 ~  
Oct 17 12 -0.2 19 Oct 14 -0.2 Oct 21 16 0.6 Oct 23 18 0.9 Oct 25 20 

1 Oct 25 22 
1 , l  Oct 25 23 
1.1 Oct2600 
1 . 1  0~1.2601 
1.2 Oct 26 02 
1.4 Oct 26 03 
1.2 Oct 26 04 
1.2 Oct 26 05 
1.3 & I2606  
1.3 Oct 26 07 
1.2 Oct 26 08 
1 . 1  Oct 26 09 
1.2 Oct 26 10 
1 . 1  Oct 26 1 1 
1 . 1  Oct 26 12 
1.1 k t 2 6  13 
1.4 OCt 26 14 
1.6 k t  26 15 
1.7 Oct 26 16 
1.9 k t  26 17 
2.2 Oct 26 18 
2.3 Oct 26 19 
2.2 Oct 26 20 
2.1 k t 2 6 2 1  
2.1 Oct 26 22 

2 Oct 26 23 
2 k t  27 00 

1.9 Oct27Ol 
1.8 k t 2 7 0 2  
1.7 Oc\ 27 03 
1.6 Uct 27 04 
1.4 (kt 27 05 
1.2 0ct 27 06 
1.2 Oct 27 (37 
1.3 Oct 27 OF: 
I I 37 09 

1 Oct 27 10 
0.9 Oct 27 1 1 
0.3 oct 27 13 
0.8 Oct 27 I: 
0.7 OCt 27 11 
0.3 Oct 27 15 

1 Oct 27 16 
1.1 0 3 2 7  17 
I. I Oi t .  27 I f !  
0.9 Oct 27 i 9 
0.9 0ct 27 20 
0.9 Oi.!27 21 
0.8 Oct. 27 3:' 



TttermoQrapt~ record from Flnlay River malnstem, Fal l  1990 
M D  h r  T ('C) M D h r  T ('C) M D  hr T ( 'C) P1D hr  T ('C) M D  hr T ('C! U6hr  T ( ' C )  

Oct 27 23 1.1 Oct 30 01 -0.1 NOV 01 03 -0.3 NOV 03 05 -0.3 NOV 05 07 -0.3 NOV 07 09 -0.3 
Oct 28 00 1 Oct 30 02 0.7 Nov 01 04 -0.3 Nov 03 06 -0.3 Nov 05 08 -0.4 Nov 07 10 -0.2 
Oct 28 0 1 0.8 Oct 30 03 0.6 Nov 01 05 -0.3 Nov 03 07 -0.3 Nov 05 09 -0.3 Nov 07 1 1 -0.3 
Oct 28 02 0.9 Oct 30 04 0.7 Nov 0 1 04 -0.3 Nov 03 08 -0.3 Nov 05 10 -0.3 Nov 07 12 - 0.3 
Oct 26 03 0.8 Oct 30 05 0.7 Nov 01 07 -0.3 Nov 03 09 -0.3 Nov 05 1 1 -0.2 Nov 07 13 -0.3 
Oct 28 04 0.8 Oct 30 06 0.7 Nov 01 08 -0.3 Nov 03 10 -0.3 Nov 05 12 -0.3 Nov 07 14 -0.3 
Oct 28 05 0.7 Oct 30 07 0.6 Nov 01 09 -0.2 Nov 03 1 1 -0.3 Nov 05 13 -0 3 Nuv 07 15 -0.2 
Oct 28 06 0.7 Oct 30 08 0.6 Nov 01 10 -0.3 Nov 03 12 -0.4 Nov 05 14 -0.3 Nov 07 16 0.7 
Oct 28 07 0.7 Oct 30 09 -0.1 Nov 0 1 1 1 -0.3 NOV 03 13 -0.3 NOV 05 15 -0.2 
Oct 28 08 0.7 Oct 30 10 0.5 NOV 01 12 -0.3 NOV 03 14 -0.3 Nov 05 16 -0.3 
Oct. 28 09 0.7 Oct 30 1 1  0,4 NOV 01 13 -0.2 Nov 03 15 -0.2 NOV 05 17 -0.3 
Oct 28 10 0.7 Oct 30 12 0.3 Nov 0 1 14 -0.2 Nov 03 16 -0.3 NOV 05 16 -0.3 
k t 2 8 1 1  0.7 k t 3 0 1 3  -0.lNov0115 -0.2Nov0317 -0.3Nov0519 -0.2 
Oct 28 12 0.7 Oct 30 14 0.3 Nov 0 1 16 -0.2 Nov 03 18 -0.3 Nov 05 20 -0.3 
Oct2813 0.9 k t 3 0 1 5  0 . 4 N 0 ~ 0 1  17 -0 .3N0~0319 -0 .3N0~0521 -0.3 
Oct 28 14 1.2 Oct 30 16 0.5 Nov 0 1 18 -0.3 Nov 03 20 -0.4 Nov 05 22 -0.3 
k t 2 8 1 5  1.1  Oct3017 0 .5N0~0119  - 0 . 3 N ~ O 3 2 1  - 0 . 3 N ~ 0 5 2 3  -0.3 
Oct 28 16 1.1 Oct 30 18 0.5 NOV 0 l 20 -0.2 NOV 03 22 -0.3 NOV 06 00 -0.3 
Oct 28 17 1.2 Oct 30 19 0.5 NOV 0 1 21 -0.3 Nov 03 23 -0.3 Nov 06 01 -0.3 
Oct 28 18 1.1 Oct 30 20 0.6 Nov 01 22 -0.4 Nov 04 00 -0.2 Nov 06 02 -0.2 
k t 2 8 1 9  1.1  Oct3021 0.6Nov0123 -0.3Nov0401 -0.2Nov0603 -0.3 
Oct 28 20 1. I Oct 30 22 0.6 Nov 02 00 -0.3 Nov 04 02 -0.3 Nov 06 04 -0.3 
Oct 28 21 1 Oct3023 0 . 6 N ~ 0 2 0 l  -0 .4N0~0403 -0 .4N0~0605 -0.3 
Oct2822 0.9 k t 3 1  00 0.6 N 0 ~ 0 2 0 2  -0.3 Nw 0404 -0.3 N ~ 0 6 0 6  -0.5 
Oct 28 23 0.9 Oct 31 01 0.6 Nov 02 03 -0.3 Nov 04 05 -0.3 Nw 06 07 -0.3 
Oct 29 00 0.8 Oct 31 02 0.6 Nov 02 04 -0.3 Nov 04 06 -0.3 Nov 06 08 -0.3 
Oct 29 O 1 0.7 Oct 3 1 03 0.6 NOV 02 05 -0.3 NOV 04 07 -0.3 NOV 06 03 -0.3 
Oct 29 02 0.7 Oct 3 1 04 0.6 Nov 02 06 -0.2 Nov 04 08 -0.4 Nov 06 10 -0.4 
Oct 29 03 0.7 Oct 31 05 0.7 Nov 02 07 -0.3 Nov 04 09 -0.3 Nov 06 1 1 -0.2 
Oct 29 04 0.7 Oct 31 06 0.5 NOV 02 08 -0.4 NOV 04 10 -0.3 Nov 06 12 -0.3 
k t  29 05 0.7 Oct 31 07 0.9 NOV 02 09 -0,3 Nov 04 1 1 -0.3 Nov 06 13 -0.3 
k t  29 06 0.7 k t  3 1 08 0.5 NUV 02 10 -0.2 Nljv 04 12 -0.3 NOV 06 114 -0.3 
Oct 29 07 0.7 Oct 3 1 09 0.4 NOV 02 I 1 -0.3 Nov 04 13 -0.3 Nov 06 15 -0.3 
Oct 29 08 0.6 Oct 31 10 0.5 NOV 02 12 -0.2 Nov 04 14 -0.3 N ~ v  06 16 -0.3 
Oct2909 0.6 k t 3 1  1 1  0 . 5 N 0 ~ 0 2 1 3  -0.3Nov0415 -0.3Nov0617 -0.3 
Oct 29 10 0.6 Oct 3 1 12 0.5 Nov 02 14 -0.3 Nuv 04 16 -0.4 Iduv 06 18 -0.3 
Oct2911 0.6 k t 3 1  13 0.6Nov0215 -0.3NovO417 -0.3Nov0619 -0.3 
Oct 29 12 0.7 Oct 3 1 14 0.6 NOV 02 16 -0.3 Nov 04 18 -0.3 Nov 06 20 -0.2 
k t 2 9  13 0.7 k t 3 1  15 0.6Nov0217 -0.3Nov0419 -0.3Nov0621 -0.3 
Oct 29 14 0.8 Oct 31 16 0.6 Nov 02 18 -0.3 Nov 04 20 -0.3 Nov 06 22 -0.3 
Oct2915 0.8 k t 3 1  17 0.6Nov0219 -0.3Nov0421 -0.3Nov0623 -0.2 
Oct 29 16 0.8 Oct 31 18 0.7 NOV 02 20 -0.3 Nov 04 22 -0.3 Nov 07 00 -0.3 
k t 2 9  17 0.7 Oct31 19 0.6 N 0 ~ 0 2 2 1  -0.3 Nov0423 -0.3 N0v070l -0.3 
Oct 29 18 1.2 Oct 3 1 20 0.5 NOV 02 22 -0.3 Nov 05 00 -0.3 Nov 07 02 -0.3 
Oct 29 19 0.8 Oct 31 21 0.4 NW 02 23 -0.3 NOV 05 01 -0.3 Nov 07 03 -0.3 
Oct 29 20 0.8 Oct 3 1 22 0.5 Nov 03 00 -0.3 Nov 05 02 -0.3 NOV 07 04 -0.3 
Or;t 29 21 0.8 Oct 31 23 0.3 Nov 03 01 -0.3 Nov 05 03 -0.3 Nov 07 05 -0.3 
k t  29 22 0.7 NOV 01 00 -0.2 NOV 03 02 -0.3 NOV 05 04 -0.2 NOV 07 06 -0.3 
Oct 29 23 0.7 NOV 01 01 -0.3 Nov 03 03 -0.3 Nov 05 05 -0.3 NOV 07 07 -0.3 
Oct 30 00 0.7 NW 01 02 -0.3 NOV 03 04 -0.3 NOV 05 06 -0.3 NclV 07 06 -U.3 



DATE O c t .  14/30 
REFERENCE # I 
HABITAT GLIDE 
AREA HAINSTEH 
MAX. DEPTH (r) 14.6 
AVE. DEPTH (r) 14.0 
X F I N E S  
X LARGE GRAVEL 
X SHALL GRAVEL 
X COBBLE 
X BOLILDER 
X BEDROCK 
C H A N . W I D T H ( r )  235.0 
WET WIDTH (r) 275.0 
VELOCITY ( r / 5 2 )  0.25 
X COVER (LOD) 
PHOTO 1-20 
V I S I B I L I T Y  (r) 3.0 
TEMP (oC)  3.0 

FLOOD S I G N  (r)  4.0 
LENGTH (a) 1,227 

OCT. 14/96 
2 

GLIDE 
HAINSTEM 

10.0 
10.0 

OCT. 14/30 OCT. 14/40 OCT. 14/50 OCT. 14/96 DCT. 14/30 OC;. 14/90 
3 4 J 6 7 3 C 

GLIDE GLIDE GLIDE GLIDE G L I D E  GL 1 OE 
HAINSTEM M A I N S T E I  MAINSTEM MAINSTEM S I D E  CHAfi. S l  DE CtiAh!. 

10.0 16.6 5.1 4.6 1.0 1.5 
10.6 4.0 1.0 3.0 0.8 0 . 6  

166 160 C 10 
0 6 75 4 8 
0 0 10 35 
0 0 10 15 
6 0 6 0 
6 0 0 0 

30.6 52.6 450.0 55.0 
40.0 52.0 456.6 36.0 25.0 78.0 
0.25 0.50 0.25 6.00 2.60 1.60 

16 10 O i, 

1-21 1-22 
3.0 3.0 3.0 1.6 3.0 3.0 
3.0 3.0 
4.0 5.0 5.0 5.6 4.0 4.6 
682 369 2,227 455 206 n,- m 

J jJ 



DATE OCT. 14/30 OCT.28190 OCT. 11/90 OCT.28190 NOV. 1/90 OCT.28190 
REFERENCE # 4 10 1 1  12 13 14 
HABITAT GLIDE BACK CHAN. GLIDE BACK CHAN., SLOUGH BACK CHAN, 
AREA NAINSTEH SIDE CHAN. HAINSTEH SIDE CHAN. SIDE CHAN. SIDE CHAN. 
BAX. DEPTH (r) 2.0 2.0 2.0 2.5 1.0 1.0 
AVE. DEPTH (r) 1.0 1.5 1.5 2.0 0.7 
X F INES 5 100 10 7 0 30 
X LARGE GRAVEL 70 0 ~. 30 10 30 
X SHALL GRAVEL 20 0 16 10 10 
X COBBLE 5 0 4 0 10 30 
X BOLILDER 0 0 10 0 0 
2 BEDROCK 0 0 0 0 0 
CHAN. WIDTH (r) 
MET UIDTH ( 8 )  60.0 20.0 86.6 40.0 40.0 25.0 
VELOCITY ( a 1 5 2 1  1.80 0.00 1.40 0.00 0.00 0.06 
X COVER (LOD) 0 0 0 0 0 0 
PHOTO 1-23 
V I S I B I L I T Y  (r) 3.0 1.5 3.0 2.5 
TEHP (oC) 2.5 1.0 
FLOOD SIGN (r) 2.0 
LENGTH (r) 482 100 1,964 100 300 7 1 

OCT. 141'30 
15 

RIFFLE 
NAINSTEH 

0.3 
0.2 
80 
20 
0 
0 
0 
0 

OCT. 151-30 
16 

GLIDE 
BAINSTEB 

1.8 
1.0 
0 

36 
20 
30 
20 
0 

250.0 
105.i) 
1.60 

6 



DATE OCT. 15/90 
REFERENCE I 17 
HABITAT RIFFLE 
AREA HAINSTEH 
MAX. DEPTH (4)  0.4 
AVE. DEPTH (r) 0.3 
I FINES 0 
Z LARGE GRAVEL 80 
I SHALL GRAVEL 1 0 
I COBBLE 10 
Z BOULDER 0 
Z BEDROCK 0 
CHAN. WIDTH (r) 250.0 
YET WIDTH (4 )  300.0 
VELOCITY ( r l s 2 )  1.50 
I COVER (LOD) 0 
PHOTO 
VIS IB IL ITY (r) 3.0 
TEMP (oC) 2.0 
FLOOD SIGN (a)  2. 5 
LENGTH (a)  30 

OCT. 15/90 
18 

GLIDE 
HAINSTEH 

2.0 
1.5 

0 
1 0 
10 
30 
50 

0 

OCT. 15/90 OCT. 15/90 
19 20 

RIFFLE GLIDE 
HAINSTEM SIDE CHAti. 

1.0 1.0 
0.3 0.5 

0 5 
20 45 
0 20 

70 30 
10 0 
0 0 

OCT. 15/90 OCT. 15/90 OCT. 15/90 
21 r,r, 

A A 2 3 
GLIDE POOL POOL 

HAINSTEM HhINSTEH MINSTEfl 
1.6 4.0 c -  

J. U 

0. 8 3. ir 3.0 
0 C 

10 4 5 
50 20 
20 30 
20 0 

0 0 

OCT. 15/50 
2 4  

GLIDE 
HhlHSTEm 

1.7 
il. ti 

5 
.-, c L J 

1 0 
30 
30 

0 



DATE OCT. 15/90 OCT.27190 OCT.27130 OCT. 15/40 OCT. 15/90 OCT. 15/40 OCT. 15/90 W T .  15/30 
REFERENCE I 25 26 27 2ti 2'3 30 3 1 32 
HABITAT POOL BACK CHAN. R I f  .&GLIDE DEBRIS AC. DEBRIS AC. GLIDE R I F F L E  LAC# CHAii. 
AREA S I D E  CHAN. S I D E  CHAN. TRIBUTARY SIDE CHAN. MAIN STEA SIDE CHAti. 
HAX. DEPTH (a)  3.6 1.5 0.3 1.5 0.5 c -  

J. U 

AVE. DEPTH (r)  3.0 1.0 0.2 1.0 0.3 0.8 
Z F I N E S  0 80 10 0 0 60 
Z LARGE GRAVEL 10 10 30 65 20 C 

Z SHALL GRAVEL 10 5 10 20 10 10 
Z COBBLE 20 5 20 50 25 10 
1 BOULDER 66 5 50 0 0 0 
Z BEDROCK 0 0 0 0 0 il 

CHAN. U I D T H  (r) 
YET YIDTH (r) 30.0 28.0 4.0 34.0 100.0 35.0 
VELOCITY ( r I s 2 )  0.50 0.00 0.40 1.50 2.00 u.00 
Z COVER (LOD) 0 0 0 0 0 
PHOTO 2-18 
V I S I B I L I T Y  (r) 3.0 3.0 3.0 3. 0 2.5 
TEMP (oC)  2.0 3.0 0.0 2.0 2.0 2.0 
FLOOD S I G N  (r) 2.5 2.5 2.5 2.0 
LENGTH (r) 125 1'36 0 143 107 750 50 946 



DATE NOV.4190 OCT.15/90 OCT.15190 OCT.15/40 OCT.24/96 OCT.15146 OCT.15100 OCT.16130 
REFERENCE I 33 34 35 36 37 38 3 .j 40 

HABITAT SLOUGH GLIDE RIFFLE GLl DE BACK CHAN. GLIDE BACK CHAN. GLIDE 
AREA SIDE CHAM. WAINSTEti HAINSTEH SIDE CHAN. SIDE CHAN, AAINSTEH SIDE CHAN. SIDE CHAH. 
IAX. DEPTH (a)  3.5 0.5 0.3 1.5 5.6 1.5 0 . 4  
AVE. DEPTH (ri 2.0 0.4 0.2 0.7 1.5 0.5 0 . ':‘ A 

Z FINES 6 0 15 6 50 5 C 

Z LARGE GRAVEL 30 20 50 50 20 4 0 60 
1 SWALL GRAVEL 10 0 45 10 10 10 15 
1 COBBLE 40 86 0 15 40 0 20 
1 BOULDER 20 0 0 10 30 0 0 
Z BEDROCK 0 0 0 0 0 0 0 
CHAN. UIDTH (a)  28.0 
UET UIDTH (r) 28.0 90.6 100.0 18.0 12.0 150.0 30. 0 15. 0 
VELOCITY ( r / 5 2 )  0.00 1.50 2.06 0.60 0.00 1.10 0.00 0.80 
X COVER (LOR) 3 5 0 0 0 3 2 1 
PHOTO 1-23 
VISIBILITY (a)  3.0 3.0 3.u 3.0 3.0 3. 0 3.6 
TEWP (oC) 2. 0 2. u 2.0 1.0 2.6 2.0 1.5 
FLOOD SIGN ( a j  2.5 2.5 2.: 2.5 2.5 2.5 
LENGTH (a)  518 946 50 4 29 4 5 2,786 1 75 7 0 



DATE 
oc1.16/90 0 ~ 1 .  16/90 o c ~ .  16/50 OCT. 16/90 OCT. IK I90  OCT. 16/90 ocT.':j/5i' oc1.2'3i90 

43 44 45 46 47 48 FtEFERENCE I 4 1 42 
HABITAT RIfFLE GLIDE DEBRIS AC. GLI'DE P O O L D E B f i l S A C . G L I D E - A l F .  SLOUGH 
AREA HAINSTEM HAINSTEM MAINSTEH HAINSTEM SIDE CHAN. SIDE CHhk. 
HAX. DEPTH ir) 2.u 4.u 0.2 1.0 2.0 2.0 
AYE. DEPTH (r) 1.7 3.5 0.1 0.5 1.0 1.5 
1 fINES 0 0 u 80 00 
1 LARGE GRAVEL 25 4ir 45 1 il 5 
I SHALL GRAVEL 5 l u  5 4 6 C 

1 COBBLE 50 10 30 il 5 
Z BOULDER 20 10 20 u 5 
1 BEDROCK 0 0 0 u 0 
CHAN. WIDTH (r) 
YET YIDTH (r) 47.0 150.0 45.0 40.0 2.0 17.u 
VELOCITY (a l s2 )  5.00 1 . 0 ~  2. u0 2.00 ir. 30 0.00 
Z COVER (LOD) 0 2 c 15 0 5 
PHOTO 
VISIBILITY (a) 3.0 3.0 3.0 3.0 
TEMP (oC) 1.5 1.5 1.5 1,s C '  J.O 
FLOOD SIGN (r) 2.5 2.5 2.5 2.5 
LENGTH (r) 107 661 0 500 161 l OU 



DATE OCT.29140 OCT.29140 OCT.24130 OCT.161SO OCT.16190 OCT.16190 OCT.29140 OCT.16190 
REFERENCE I 43 50 5 1 52 JJ 54 55 56 C.l 

HABITAT GLIDE SLOUGH RIFFLE RIFFLE 6LIDE RIFFLE SLOUGH DEBRIS kC. 
AREA SIDE CHAN. SIDE CHAN. SIDE CHAN, HAINSTEM HAINSTEM HAINSTEM SIDE CHAH. 
HAX. DEPTH (r) 0.2 2.0 0.1 0. B 3.1 0.9 0.8 
AYE. DEPTH (r) 0.2 1.3 0.1 0.5 1.3 0. E 0.4 
X FINES 90 60 0 0 10 C '3 0 
1 LARGE GRAVEL 10 1 0 10 30 40 5 5 
X SHALL GRAVEL 0 10 5 0 20 10 0 
X COBBLE 0 20 85 50 20 7 0 c 

X BOULDER 0 0 0 20 10 10 0 
X BEDROCK 0 0 0 0 0 0 0 
CHAN. WIDTH (r) 
YET YIDTH (r) 2.0 20.0 5.0 130.0 66.0 65.0 17.0 
VELOCITY ( r l s 2 )  0.30 0.00 0.20 1.60 1.00 1.5C 0 . ~ 0  
X COVER (LODJ 0 2 5 0 1 0 1 
PHOTO 2-24, 26 2-25 
VISIBILITY (4) 3.0 3.0 3.0 
TEMP (oC) 4.5 1.5 1.5 1.5 6.0 
FLOOD SIGN (a)  2.5 2.5 2.5 
LENGTH (r) 30 150 7 5 4 786 7 1 100 



DATE OCT. 16/90 OCT. 16/90 OCT. 16/90 OCT. 16/S0 OCT. 16/90 OCT. 16/90 
REFERENCE I 57 58 59 60 61 62 
H A B I T A T  G L I D E  R I F F L E  G L I D E  DEBRIS AC. R I F F L E  DEBRIS AC. 
AREA HAINSTEH HA INSTEH HAINSTEM HAINSTEH 
HAX. DEPTH (r) 2.0 0.6 2.0 0.6 
AVE. DEPTH (r) 1.3 0.4 1.0 0.5 
Z F I N E S  0 0 0 0 
Z LARGE GRAVEL 30 30 30 I 0 
Z SHALL GRAVEL 10 0 10 0 
I COBBLE 40 60 50 70 
Z BOULDER 20 10 10 20 
Z BEDROCK 0 0 0 0 
CHAN. WIDTH ( r )  
WET WIDTH (8)  46.0 85.0 50.0 50. ir 
VELOCITY (r/52) 1.30 2.00 1.50 2.00 
Z COVER (LOD) 5 0 2 0 
PHOTO 
V I S I B I L I T Y  (r) 3.0 3.0 3.0 3.0 
TEMP (oC)  1.5 1.5 1.5 1.5 
FLOOD S I G N  (r) 2.5 2.5 2.5 2.5 
LENGTH (r) 625 7 1 589 8.3 89 113 

OCT. 16/90 OCT.31/4u 
63 64 

GLIDE GLIDE-RIF.  
HAINSTEM S I D E  CHAN. 

2.0 0 a ' .. 
1.2 u. 1 

5 30 
35 20 
10 5u 
40 0 
10 0 

u 
60.0 

130.il 1.0 
1.20 0.20 

3 1 
-9 r 
J-D 

- 9 .  J.U 

1.5 
2.5 

2,125 a-3: 



DATE OCT.31/40 OCT.23190 OCT.23136 OCT.23/90 OCT.23/90 OCT.23190 OCT.23130 OCT.23iSO 
REFERENCE 4 65 66 67 68 63 70 7 1 7 2 
HABITAT SLOUGH GLIDE SLOUGH CLIDELRIF. GLIDEARIF, POOL RIFFLE POOL 
AREA SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. TRIBUTAF(Y SIDE CHAN. SIDE CHAIi. SIDE CHAti.  
MAX. DEPTH (r j  1.0 1.5 3.0 0.; 1.0 1.2 0.3 2,ii  
AVE. DEPTH (a)  6.5 0.4 1.0 0.3 0.3 0.6 (1 . 5 A 0. 8 
Z FINES 50 20 75 5 56 10 D 2 0 
Z LARGE GRAVEL 20 55 10 50 4 0 50 8 8 4 0 
Z SMALL GRAVEL 15 20 5 45 16 10 1 il 10 
Z COBBLE 15 5 10 0 0 30 10 3 11 
Z BOULDER 0 0 6 0 6 0 0 0 
Z BEDROCK 0 6 0 0 0 0 u ii 
CHAN. WIDTH (r) 35.0 
MET WIDTH (r) 10.6 15.0 22.6 15.0 4.0 18.0 3 . i~ 16.0 
VELOCITY ( r / s 2 )  0.00 0.40 0.10 0. au 0.50 0.36 1 .Oil 0. '2i1 
2 COVER (LOD) c 0 u 1 1 i , 5 c 

PHOTO 
V I S l B l L l T Y  (r) 4.0 
TEMP (4C) 3.6 2.0 
FLOOD SIGN (1) 

LENGTH (r) 536 143 732 646 0 250 136 "31 4 



DATE OCT. 17/90 OCT. 17/30 OCT.17/90 OCT. 17/40 OCT. 17/30 OCT. 17/90 OCT. 17/40 05T.17/83u 
REFERENCE # 73 7 4 75 7 6 7 7 78 73 80 
HABITAT GLIDE RIFFLE GLIDE DEBRIS At. RIFFLE RIFFLE GLIDE GLIDE 
AREA HAINSTEH SIDE CHAN. SIDE CHAN. SlDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. 
MAX. DEPTH (a) 2.0 0.5 1.0 0.3 0.4 u.a 
AVE. DEPTH (a) 1.5 0.4 0.6 0.3 0.3 11. b 
Z f INES 10 0 0 10 13 
Z LARGE GRAVEL 50 80 35 60 i 3  
X SHALL GRAVEL 20 10 10 35 10 1 ii 
Z COBBLE 20 30 10 30 20 20 
X BOULDER 0 0 0 0 0 0 
X BEDROCK 0 0 0 0 0 0 
CHAN. UIDTH (a) 
WET WIDTH (r) 38.0 25.0 25.0 70.0 40.0 23.0 & a  '9 0 
VELOCITY ( ~ 1 ~ 2 )  2.00 2.50 1.50 2.00 2. 00 1.00 
Z COVER (LOD) 2 0 2 0 0 0 
PHOTO 2-10 
VISIBILITY (ri 3.0 3.0 3.0 3.0 3.0 - , .  J. u 
TEMP (oC) 0.0 u.0 0.0 0.0 0.0 0.0 
FLOOD SIGN (r) 2.5 2.5 2.5 .-, C 

L .  J 
.-I c L a  J .-0 C i. J 

LENGTH (r) 1,036 7 5 304 0 30 70 4 2.9 42.3 



DATE OCT.17190 OCT.17140 OCT.17140 OCT.23190 OCT.23140 OCT.23190 OCT.23140 OtT.23190 
REFERENCE Y 81 82 83 8 4 85 86 87 88 
HABITAT RIFFLE RIFFLE GLIDE DEBRIS At. GLIDE SLOUGH DEBRIS kC. SLOUGH 
AREA SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAIi. 
HAX. DEPTH (a) 0.5 1.0 2.0 I. 0 1.2 2 . 5  
AVE. DEPTH (rl 0.3 u . 6  0.8 0. 4 0.7 I. 0 
z FINES o 0 20 00 d u  aa 
X LARGE GRAVEL 30 30 60 10 2u 5 
Z SHALL GRAVEL 1 0 10 20 10 10 5 
X COBBLE 60 60 0 0 3ir 10 
X BOULDER 0 U 0 0 0 0 
Z BEDROCK 0 ir 0 0 ir i, 

CHAN. WIDTH (a) 
WET WIDTH (4) 30.0 23.0 3a.0 9.5 13.0 3.0 
VELOCITY (rls2) 1.50 2.50 1.50 0.u0 0.00 0.0C 
X COVER (LOD) 0 2 2 10 5 2 
PHOTO 
VISIBILITY (rj 3.0 3. 0 3. u 4.u 4 .  u 
TEMP (oC) 0.0 0.0 0.6 i. -. c J 

FLOOD SIGN (rl 2.5 2.5 2.5 
LENGTH (a) 30 30 1,036 2ai 179 3 75 143 1,136 



DATE OCT. 17/40 
REFERENCE I 09 
HA0 I TAT DEBRIS AC. 
AREA 
HAI. DEPTH (r) 
AVE. DEPTH (r) 
1 FINES 
X LARGE GRAVEL 
I SHALL GRAVEL 
1 COBBLE 
2 BOULDER 
1 BEDROCK 
CHAN. WIDTH ir) 
WET WIDTH (r) 
VELOCITY ( r I s 2 j  
1 COVER (LOD) 
PHOTO 
VISIBILITY ( a )  
TEHP (oC) 
FLOOD SIGN (ri 
LENGTH ir j 54 

OCT.17190 OCT.17140 OCT.17140 OCT.25140 OCT.25140 UCT.25190 OCT.25190 
90 91 42 93 34 9 5 '3 6 

RIFFLE RIFFLE GLIDE DEBRIS AC. GLIDE SLOUGH RIFFLE 
HAINSTEH SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. 

1.5 0.'i 0.5 0.5 0.4 0.1 
1.2 0 . .-, A 0.5 0.4 0.3 0.1 

0 0 10 40 60 10 
50 10 7~ 40 30 70 
10 10 10 20  10 20 
40 00 10 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 



DATE OCT.29/40 OCT.24/40 OCT.24/40 DCT. 17/40 OCT. 17/40 DCT. 17/30 DCT. 17/40 DCT. l B / 4 0  
REFERENCE # 9 7 3 8  93 100 101 105 103 104 
HABITAT GLIDE-POOL SLOUGH SLOUGH GLIDE GLIDE GLIDE RIFFLE BACK CHAN. 
AREA SIDE CHAN. SIDE CHAN. SIDE CHAN. HAINSTEN SIDE CHAN. tlAINSTEti hAItiSTE1 S I D E  C h N .  
HAX. DEPTH (r) 0.5 1.2 4.0 0.6 1.8 0.3 3.0 
AVE. DEPTH (r) 0.3 0.7 l.ii 0.5 1.0 0. 3 2.0 
X FINES 50 10 15 10 5 0 20 c 

1 LARGE GRAVEL 20  60 15 65 35 75 15 40 
1 SHALL GRAVEL 30 30 40 10 10 10 c 10 
X COBBLE 0 0 30 15 50 10 80 30 
X BOULDER 0 0 0 0 0 0 0 ir 
1 BEDROCK 0 0 0 0 0 0 0 0 
CHAN. WIDTH (r) 
WET WIDTH (r) 8.0 20.0 30.0 110.0 25.0 50.0 30.0 .> c LJ.U 

VELOCITY ( r / s 2 )  0.10 0.00 0.00 1.50 2.0il I .  00 2.00 0. 00 
1 COVER (LOD) 1 2 2 A 1 2 0 c 

PHOTO 
V I S I B I L I T Y  (m) - J.O 3.0 3.0 3.0 3. 0 
TEHP (GC) 7.0 0.0 0.0 0.0 0.0 5.0 
FLOOD SIGN (m) 2.5 2.5 2.5 .-, c L .  J i C A. J 

LENGTH (r) 41 1 89 357 1,016 1,000 982 150 607 



DATE OCT.20190 OCT.29140 DCT.24190 OCT.29140 OCT.24140 OCT.29190 OCT.20140 DCT. 20i40 
REFERENCE I 105 106 107 108 10'3 110 111 112 
HAB I TAT RIFFLE SLOUGH DEBRIS AC. RIFFLE SLOUCH GLIDE& RIF. ELIDE GLIDE 
AREA HAINSTEH SIDE CHAN. SlDE CHAN. SIDE CHAN. TRl0UTARY HA1 NSTEti S I D E  SHLN. 
flAX. DEPTH (11 1.3 0.1 0.5 J.U 1.i) -,. 

AVE. DEPTH (a) 0.8 0.1 0 '  . L 1.0 0.8 
Z FINES 0 0 60 10 10 C 

Z LARGE GRAVEL 30 1 C 10 2 0 6 il C C JJ 

Z SHALL GRAVEL 10 4 5 10 40 10 10 
X COBBLE 60 45 20 30 2" 30 
Z BOULDER 0 u 0 0 0 0 
X BEDROCK 0 Ij 0 0 0 0 
CHAN. WIDTH (r) 25.0 
WET UIDTH (r) 100.0 20.0 8.u 15.0 2. 0 85.0 23.0 
VELOCITY ( r I s 2 )  3.00 0.00 0.40 0.00 0.50 0.6il 1.70 
Z COVER (LOD) 0 - i c 2 C 

PHOTO 
VISIBILITY (r) 4.0 4.0 4.0 
TEAP (GC) 
FLOOD SIGN ( a j  

LENGTH (a) 80 375 393 2 0 834 1,625 107 



DATE OCT.SO190 OCT.31190 UCT.20I33O NOV. 7/90 OCT.31190 OCT.31190 OCT.?0/4d 
REFERENCE Y 113 114 115 116 117 118 11'3 120 
HABITAT RIFFLE DEBRIS AC. BACK CHAN. GLIDE SLOUGH DEBRIS AC. SLOUGH i iL I DE 
AREA SIDE CHAN. SIDE CHAN. HAINSTEB SIDECHAN. SIDE CHAti. riAINSTEtl 
HAY.. DEPTH (n )  0.7 1.0 1.5 

AVE. DEPTH i n )  0.3 0.8 1.2 
X FINES 20 0 c 

X LARGE GRAVEL 70 30 6 5 
X SHALL GRAVEL 10 I d  10 
% COBBLE 0 30 20 
X BOULDER 0 0 0 
X BEDROCK 0 0 0 
CHAN. YIDTH (n)  
MET YIDTH (n)  23.0 12.0 70.0 27.0 40.0 65.0 
VELOCITY ( n l s 2 )  0.00 2.50 1.20 
X COVER (LOD) 0 i r  1 
PHOTO 
VIS IB IL ITY (n )  1.0 -; . 0 
TEHP (oC) 
FLOOD SIGN (n)  
LENGTH (1) 36 7 1 100 125 416 7 1 70 714 



DATE OCT.20190 OCT.20190 OCT.20190 OCT.20140 OCT.30190 OCT.30190 OCT.30146 OCT.30Ie30 
REFERENCE # 121 122 123 124 125 126 1.77 128 
HABITAT GLIDE GLIDE DEBRIS AC. BACK CHAN. SLOUGH GLIDE-RIF. SLOUGH RIFfLE 
AREA HAINSTEH HAINSTEH SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CtiAii.  
HAX. DEPTH ( m i  1.5 3.0 2.0 I. 0 0 .& .-, 1 . il 1.0 
AVE. DEPTH ( m )  0.0 2. 0 0. 7 0.6 0.1 0. B 0. E, 

Z FINES 0 80 100 10 L J 0 C *-, c 

Z LARGE GRAVEL 30 65 10 0 60 J J 40 6 C 

X SHALL GRAVEL 10 10 5 0 20 2 5 10 
X COBBLE 60 20 0 10 i 0 50 c 

I BOULDER 0 0 0 0 0 5 0 
1 BEDROCK 0 0 0 0 0 0 0 
CHAN. YIDTH i m l  35.0 22.0 22.0 
WET WIDTH ir) 100.0 100.0 30.0 15.0 6.0 20. 0 30.0 
VELOCITY ( f i ls21 2.50 0.80 0.00 0.00 0.10 0.00 1.80 
I COVER (LOD) 1 1 0 - L 0 .> 

PHOTO 2-16, 17 
VISIBILITY (r) 4.0 4.0 4.0 CLEAR 
TEHP (oC) 3.0 
FLOOD S16N (r) 
LENGTH (8) 125 1,393 393 214 339 536 33'9 143 



DATE OCT. 30130 
REFERENCE t 129 
HABITAT RIFFLE 
AREA SIDE CHAN. 
HAX. DEPTH (r) 4.0 
AVE. DEPTH (r) 0.3 
X f INES 0 
X LARGE GRAVEL 15 
Z SHALL GRAVEL 5 
X COBBLE 80 
X BOULDER 0 
Z BEDROCK 0 
CHAN. YIDTH (r) 
YET YIDTH (r) 60.0 
VELOCITY ( r / s 2 )  2.00 
Z COVER (LOD) 0 
PHOTO 
V l S I B l L I T Y  (r) 
TEHP (612 

FLOOD S16N (r) 
LENGTH (r) 20 

OCT.31130 OCT.30130 OCT.31140 OCT.31190 
130 131 132 133 

RAPIDS GLIDE GLIDE SLOUGH 
HAINSlEH SIDE CHAN. SIDE CHAW. SIDE CHAN. 

1.5 0.a 0.3 
0. B 0.5 0.1 

0 0 30 
I 5  20 5 

5 10 5 
20 70 d 
30 0 0 
30 0 0 

35.0 
4'3.0 28.0 3.0 30.0 
2.50 1.80 0.50 0.00 

0 0 0 L 

3 - 4 

OCT.31130 OCT.30130 OCT.30i90 
134 135 136 

R I f f L E  RIFFLE GLIDE 
HAINSTEH SIDE CHAN. SIDE CHAM. 

0.3 0 . i  1.5 
0.8 0.5 0.7 

5 0 5 
35 15 60 
10 5 20 
5~ 70 15 

0 10 0 
0 0 u 



DATE OCT.30190 OCT.30190 OCT.30190 OCT.30190 OCT.30190 OCT.30140 OCT.30140 OCT.3014i1 
REFERENCE # 137 138 139 140 141 145 i43 14.) 
HABITAT POOL RIFFLE GLIDE RIFFLE GLIDE RIFFLE GLIDE RIFFLE 
AREA SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAN. SIDE CHAH. SIDE CHAN. 
NAX. DEPTH (a) 3.0 0.6 2.5 1.5 1.5 6.8 I. 0 i1.6 
AYE. DEPTH (r) 2.0 0.3 1.0 0.4 1.0 0.4 0.6 0.4 
X FINES 70 5 15 C 20 C 10 C 

X LARGE GRAVEL 20 25 55 45 60 35 i o qc JJ 

X SHALL GRAVEL 10 20 LO 10 10 1 0 I 0 10 .-, ' 

% COBBLE 0 50 ' 1 0  40 10 50 20 50 
% BOULDER 0 0 0 0 0 0 0 0 
% BEDROCK 0 0 0 0 0 6 0 0 
CHAN. UIDTH (a) 
WET UIDTH (a)  30.0 80.0 34.0 50.0 20.6 25.6 30.0 30.0 
VELOCITY ( r I s 2 )  0.20 1.80 1.30 2.50 1.20 1.70 1.50 2.00 
1 COVER (LODI 0 2 2 1 L $ 2 0 
PHOTO 
VISIBILITY (rj 

TEHP (oC) 
FLOOD SIGN (r) 
LENGTH (r) 



DATE OCT. 30190 OCT. 30130 OCT.31130 
REFERENCE # 145 146 140 
HABITAT DEBRIS AC. GLIDE-RIF.. GLIDE 
AREA SIDE CHAN. HAINS'IEH 
HAX. DEPTH (mi  1. 0 3.0 
AVE. DEPTH (r) 0.5 1.5 
Z FINES 15 10 
1 LARGE GRAVEL 55 50 
Z SHALL GRAVEL 10 20 
1 COBBLE .: A 0 20 
1 BOULDER 0 0 
Z BEDROCK u 0 
CHAN. WIDTH (mi 
WET YIDTH (r) 10.0 48.0 
VELOCITY ( r I s 2 )  1.50 1. 00 
1 COVER (LOD) 5 2 
PHOTO 
V IS IB IL ITY  i r i  
TEHP (GC) 
FLOOD SIGN (mi  
LENGTH (r j  214 571 333 

OST.31IS0 OCT.31130 OCT.31190 
149 150 151 

R I f f L E  RIFFLE BACK CHAN. 
HAINSTEM SIDE CHAN. SIDE CHAN. 

1.: 0. 7 1.0 
0.5 0.4 0.3 

0 C 30 
4 5 65 50 

5 10 10 
50 20 10 

0 0 0 
u 0 u 

UCT.3119il 
152 

GLIDE 
HAINSTEM 

1.3 
0.9 

5 
'I c Jd 

1 0 
50 

0 
u 

OCT.3lI' jQ 
153 

Ft IFFLE 
HAINSTEM 

0. 7 
0.5 

C 

'I r J J 

1 u 
58 

G 
u 



DATE OCT.31190 
REFERENCE t 154 
HABITAT GLIDE 
AREA HAINSTEM 
MAX. DEPTH ( r )  2 .0  
AVE, DEPTH (1) 1.0  
X FINES 2 0  
X LARGE GRAVEL 2 0  
i! SHALL GRAVEL 10  
i! COBBLE 5 0  
i! BOULDER 0 
X BEDROCK 0 
CHAN. WIDTH (1) 

UET WIDTH ( r )  90.0 
VELOCITY ( r l s 2 )  1.60 
X COVER (LOD) 1 
PHOTO 
V I S I B I L I T Y  (a) 
TEMP (GC) 
FLOOD SIGN (mi 
LENGTH (r) 585 
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Copies of PeaceN~lliston Fish and Wildlife Compensation Program Reports can be obtained, depending on supply, from 
the PeaceWllliston Fish and Wildlife Compensation Program, 101 1 Fourth Ave., 3rd floor, Prince George, B.C. V2L 3H9. 

No. 1 Moose winter distribution and habitat use in the southern Williston Reservoir area, British Columbia, 1989. D.F. 
Hatler. April 1989. 25pp plus appendices. 

No. 2 Ungulate census of north shore and adjacent areas, Peace Ann, Williston Reservoir, March 1989. S.M. Hirst. 
March 1990. 1 OPP plus appendices. 

No. 3 Wildlife distribution and h a b i t  use in the northern Wlliston Reservoir area, British Columbia, winter 1990. D.F. 
Hatler. April 1990. 17pp plus appendices. 

No. 4 Wetland enhancement blasting trials, 1990. R. Dawson. November 1990. 2pp plus appendices. 

No. 5 Wlliston Wildlife Compensation Rogram Management Plan, 1990. P.W. Davidson and R. Dawson. December 
1990. 44pp. 

No. 6 Report, vegetation map, ungulate capability map and habitat enhancement plan for Dunlevy Inlet (Block A, D.L. 
754 W~lliston Lake, B.C.). M.V. Ketcheson and E. McKenzie. January 1991. 12pp plus appendices. 

No. 7 W~ldliie distribution and habitat use south of the Peace Reach of Williston Reservoir, February 199 1. R.J. 
Backmeyer. March 1 991. 19pp. 

No. 8 Waterfowl and aquatic furbearer inventory and assessment of Tutu and Mugaha Bay wetlands, Mackenzie, B.C. 
F.B. Corbould. August 1 99 1 . 30pp plus appendices. 

No. 9 Public Consultation Report 1990191. D.J. Read. September 1991. 16pp plus appendices. 

No. 1 0 Wetlands enhancement, TutuMugaha nesting islands, 199 1. F.B. Corbould. September 1 99 1. 2pp. 

No. 1 1 Wildlife Program Annual Report, 199019 1. R. Dawson and M.D. Wood. 1991. 5pp. 

No. 12 Wildlife Program Annual Report 1991 192. M.D. Wood. July 1992. 1 Opp. 

No. 13 Cavity Nester H a b i t  Selection Roject, Phase 1 report: Snag deterioration. L.J. Murray. July 1992. 1 1 pp. 

No. 14 South Peace Ann Stone's sheep inventory, June 1992. M.D. Wood. July 1992. 5pp. 

No. 15 Waterfowl inventory and wetlands enhancement summary 1992. T. Martin. August 1992. 22pp plus 
appendices. 

No. 16 W~ldlife tree maintenance and creation in managed ESSF forests in the Mackenzie District. Working Ran. R. 
Dawson, L.J. Murray, and M.D. Wood. August 1992. 13pp plus appendices. 

No. 17 Public Consultation Report 199 1/92. G.K. Becker. August 1992. 12pp plus appendices. 

No. 18 Wetlands enhancements 1992. F.B. Corbould. September 1992. 4pp. 

No. 19 Donna Creek Biodiversity Project (cavity nester habitat selection), Progress report 1992193. M.D. Wood. 
October 1992. 8pp plus appendices. 

No. 20 Cavity Nester Habitat Selection Project, Phase 3 report: Map preparation and transect layout. L.J. Murray. 
November 1992. 8pp plus appendices. 

No. 21 Upland furbearer problem analysis. D.O. Becker. November 1992. 35pp plus appendices. 

No. 22 Biophysical habitat classes for the Peace Arm of the Williston Reservoir study area. C.E. Thompson and L.E.H. 
Lacelle. 1992. 8 1 pp. 



NO. 23 South Peace Arm Stone's sheep inventory, December 1992. M.D. Wood. January 1993. 3pp plus 
appendices. 

No. 24 Omineca biophysical mapping project: Maps and legend. E. McKenzie. March 1993. 1 2 5 ~ ~ .  

No. 25 Wolverine Range woodland caribou inventory, February 1993. M.D. Wood. March 1993. 2pp plus 
appendices. 

No. 26 Chase MtnButler Range caribou inventory, March 1993. F.B. Corbould. April 1993. 3pp plus appendices. 

No. 27 Public Consultation Report 1992193. C. Bemister. August 1993. 23pp plus appendices. 

No. 28 Wildlife Program Annual Report 1992193. F.B. Corbould. September 1993. 12pp plus appendices. 

No. 29 Dim Lakes wetlands enhancement and Parsnip nestbox monitorii. F.B. Corbould. September 1993. 4pp. 

No. 30 lngenika River elk transplant proposal. M.D. Wood. November 1993. 5pp plus appendices. 

No. 31 Mugaha marsh and pond wildlife viewing sign. F.B. Corbould. November 1993. 3pp plus appendices. 

No. 32 Muskwa Range (east of Finlay River) winter ungulate inventory, March 1994. M.D. Wood. March 1994. 6pp. 

No. 33 Peace Arm Williston Lake wildlife capability ratings. R.J. Backmeyer. March 1994. 52pp. 

No. 34 Wolverine Range woodland caribou calf survey, June 1994. M.D. Wood. June 1994. 3pp plus appendices. 

No. 35 Dunlevy wildlife viewing sign. F.B. Corbould. July 1994. 3pp plus appendices. 

No. 36 Snow depth survey January - March 1990. T. Martin. August 1994. 7pp plus appendices. 

No. 37 Donna Creek Biodiversity Project: Progress report, 1993194 and 1994/95. M.D. Wood. October 1994. 7pp. 

No. 38 TutuMugaha aspen girdling project. T. Martin. October 1994. 5pp plus appendices. 

No. 39 Seasonal habitat use and movements of woodland caribou in the Omineca Mountains, north central British 
Columbia, 1991 -1 993. M.D. Wood. November 1994. 23pp. 

No. 40 Wildlife Program Annual Report 1993194. F.B. Corbould and M.D. Wood. November 1994. 12pp. 

No. 41 Donna Creek Biodiversity Project: Preliminary breeding bird surveys 1993. L.W. Gyug and K. Summers. March 
1995. 45pp plus appendices. 

No. 42 Effects of habitat manipulation projects on non-target wildlife species in the Wtlliston watershed. Working Plan. 
P.A. Girow. March 1995. 28pp. 

No. 43 Williston and Dinosaur Reservoirs raptor survey 1995: Swvey 1, Raptor nest locations. RJ. Zemlak, M.D. 
Wood, and F.B. Corbould. March 1995. 8pp plus appendices. 

No. 44 Donna Creek Biodiversity Project: Spring 1995 breeding bird surveys. Summary Report. J. Joy and R. van den 
Driessche. July 1995. 4pp plus appendices. 

No. 45 Wildlife Program Annual Report 1994195. F.B. Corbould and M.D. Wood. August 1995. 12pp. 

No. 46 Donna Creek Biodiversity Project: Progress report 1995/96. M.D. Wood. November 1995. 7pp. 

No. 47 Mt. Frank Roy Stone's sheep transplant, March 1993. M.D. Wood. November 1995. 2pp plus appendices. 

No. 48 South Peace Arm Stone's sheep and woodland caribou inventory, March 1984. M.D. Wood. November 1995. 
~ P P .  

No. 49 South Peace Arm Stone's sheep and woodland caribou inventory, March 1995. M.D. Wood. November 1995. 
9 PP. 



No. 5 0  Branham Slide 1993 prescribed bum. M.D. Wood. January 1996. 5pp. 

No. 51 Pelly Lake 1993 prescribed bum. M.D. Wood. January 1996. 5pp. 

No. 52 Branham Slide 1995 prescribed bum. M.D. Wood. February 1996. 5pp. 

No. 53 Dam Creek ForesPryBiodiversity Project: Breeding bird point counts 1995. L.W. Gyug. March 1996. 30pp 
plus appendices. 

No. 5 4  Donna Creek Biodiversity Project: Habitat use of cavity nesting birds in the D O ~ M  Creek study area 1995. J. 
Joy and R. van den Driessche. March 1995. 26pp plus appendices. 

No. 55 W~ldliie Program Annual Report 1995196. M.D. Wood and F.B. Corbould. November 1996. 12pp. 

No. 56 Spawning and rearing habitat assessment of Williston Reservoir tributaries. C.M. Retzer. January 1989. 
3 5 ~ ~ .  

No. 57 Hydroacoustic surveys of W~lliston Reservoir (June, September, and October, 1988). R.L. Johnson and I. 
Yesaki. November 1989. 35pp plus appendicies A through G. 

No. 58 Wllliston Lake fisheries compensation program management plan. B.G. Blackman, D. Jesson, D. Ableson, 
and T. Down. August 1990. 38pp. 

No. 59 Finlay River kokanee (Oncohynchus nerka) spawning survey 1990. R.J. Fielden. January 1991. 40pp 
plus appendices. 

No. 60  Walleye feasibility study: Moberly and Gwillim Lakes. T.L. Slaney and V.A. Lewynsky. July 1991. 76pp plus 
appendicies. 

No. 61 Small lake inventory and enhancement program preliminary progress and enhancement report on 1991 
field activities. A.R. Langston, A.R. McLean, and B.G. Blackman. November 1991. 20pp. 

No. 62 Williston Watershed aerial kokanee (Oncorhynchus nerka) spawning survey 1990. A.R. McLean and B.G. 
Blackman. December 1991. 10pp plus appendicies. 

No. 63 Finlay River kokanee(0ncohynchus nerka) spawning survey, 1991. R.J. Fielden. March 1992. 27pp 
plus appendices. 

No. 6 4  Bull Trout (Salvelinus confluentusl survey in Scott Creek and Weston Creeks conducted by the Lheit- 
Li'en Nation August to September, 1991. T. Slaney. March 1992. 24pp plus appendices. 

No. 65  Small Lake program summary 1989-1 992. A.R. McLean and A.R. Langston. October 1992. 19pp. 

No. 66  Stream fertilization feasibility study 1991 data report. A.R. Langston. November 1992. 56pp plus 
appendices. 

No. 67 Stream surveys of th? west (Upper) Moberly River Watershed (Summer, 1992). H. Hohndorf, G. Hopcraft, and 
T. Down. Feb,ruary 1993. 17pp plus appendicies. 

No. 68 Current status and potential enhancement projects of selected small lakes in the OminecaIPeace region 
1992. A.R. McLean and A.R. Langston. March 1993. 26pp. 

No. 69 Embayment enhancement feasibility study W~lliston Reservoir. R.J. Fielden, T. Slaney, and A.W. Wood. March 
1993. 28pp plus appendicies. 

No. 70  Fisheries resources and enhancement potentials of selected tributaries of the Williston Reservoir. Volume 
11. A.R. Langston and B.G. Blackrnan. April 1993. 185pp plus appendicies. 

No. 7 1 Creel survey of the winter 1992193 Gantahaz Lake ice fishery. A.R. Langston. April 1993. 15pp plus 
appendices. 



No. 72 Fisheries enhancement options for Dinosaur Lake, A Review. R. Pattenden and G. Ash. April 1993. 38pp plus 
appendicies. 

No. 73 Dinosaur Lake summer creel surveys, Results of the 1988 program and a five year review (1 984 - 1988). 
R. Pattenden and G. Ash. April 1993. 26pp plus appendices. 

No. 74  Water temperatures of the Nation and Mesilinka River systems 1992. A.R. Langston. November 1993. 
2 9 ~ ~ .  

No. 75 Water temperatures of the Nation and Mesilinka River systems 1993. A.R. Langston. November 1993. 
4 6 ~ ~ .  

No. 76 Summary of the 1994 fish trapping operations on Suschona and Sylvester Creeks. A.R. Langston and 
R.J. Zemlak. March 1997. 12pp plus appendicies. 

No. 77 Firth Creek habitat enhancement project 1993. A. R. Langston. December 1993. 9pp plus appendicies. 

No. 78 A review of management and enhancement options for the Arctic grayling (Thymalhs atctkus) with special 
reference to the W~lliston Reservoir Watershed in British Columbia. T.G. Northcote. 1993. 69pp. 

No. 79 Water temperatures of the Nation and Mesilinka River systems 1994. A.R. Langston and R.J. Zemlak. 
November 1994. 22pp. 

No. 80  Finlay River lake trout spawning investigation. R.J. Zemlak and A.R. Langston. December 1994. 6pp 
plus appendices. 

No. 81 Carbon Creek spawninglrearing channel preliminary design. M.R. Morgan. April 1995. 24pp plus 
appendicies. 

No. 82 Development of a premier northern river fishery: Mesilinka River pre-fertilization progress 1992-93. C.W. 
Koning, K.I. Ashley, P.A. Slaney, R.W. Land, and P.W. Davidson. November 1995. 37pp plus 
appendicies. 

No. 83 Water temperatures of the Nation and Mesilinka River systems 1995. A.R. Langston. November 1995. 
2 2 ~ ~ -  

No. 84 Water temperatures of the Nation and Mesilinka River systems 1996. A.R. Langston. October 1996. 
14PP. 

No. 85 Development of a premier northern river fishery: Mesilinka River, the first year of fertilization (1 994). 
A.J. Paul, C.W. Koning, K.I. Ashley, P.A. Slaney, P.W. Davidson, and R.W. Land. December 1996. 48pp 
plus appendicies. 

No. 86 A reconnaissance survey of Bruce Lake. D.A. Jesson. 1989. 18pp plus appendices. 

No. 87 A reconnaissance survey of Canty Lake. D.A. Jesson. 1990. 22pp plus appendices. 

No. 88 A reconnaissance survey of Curve Lake. D.A Jesson. 1989. 18pp plus appendices. 

No. 89 A reconnaissance survey of Dunlevy Lake. D.A. Jesson. 1989. 18pp plus appendices. 

No. 90  A reconnaissance survey of Heather Lake. A.R. McLean. 1989. 21 pp plus appendices. 

No. 91 A reconnaissance survey of Mclntyre Lake. D.A. Jesson. 1989. 19pp plus appendices. 

No. 92 A reconnaissance survey of Pothole Lake No. 1. D.A. Jesson. 1989. 19pp plus appendices. 

No. 93 A reconnaissance survey of Robinson Lake. D.A. Jesson. 1989. 18pp plus appendices. 

No. 94 A reconnaissance survey of Royer Lake. D.A. Jesson. 1989. 21pp plus appendices. 

No. 95 A reconnaissance survey of Tobin Lake. A.R. McLean. 1990. 21 pp. 



No. 96  A reconnaissance survey of Upper Lions Lake. D.A. Jesson. 1990. 20pp plus appendices. 

No. 97 A reconnaissance survey of Windy Point Lake. A.R. McLean. 1989. 18pp plus appendices. 

No. 98 A reconnaissance survey of Blackwater Lake. D.A. Jesson. 1991. 22pp plus appendices. 

No. 99 A reconnaissance survey of Butternut Lake. D.A. Jesson. 1990. 2 1 pp plus appendices. 

No. 100 A reconnaissance survey of Finger Lake. D.A. Jesson. 1990. 22pp plus appendices. 

No. 101 A reconnaissance survey of Grayling Lake. A.R. McLean and D.A. Jesson. 1990. 26pp plus 
appendices. 

No. 102 A reconnaissance survey of Wright Lake. A.R. McLean and D.A. Jesson. 1990. 20pp plus 
appendices. 

No. 103 A reconnaissance survey of Clearwater Lake. A.R. McLean. 1991. 25pp plus appendices. 

No. 104 

No. 105 

No. 106 

No. 107 

No. 108 

No. 109 

No. 110 

No. 111 

No. 112 

No. 113 

No. 114 

No. 115 

No. 116 

No. 117 

No. 118 

No. 119 

No. 120 

No. 121 

A reconnaissance survey of Dina Lake (#5). A.R. McLean. 1991. 25pp plus appendices. 

A reconnaissance survey of Dina Lake (#7). A.R. McLean. 1991. 21pp plus appendices. 

A reconnaissance survey of Gataiga Lake. A.R. McLean. 1991. 22pp plus appendices. 

A reconnaissance survey of Le Moray Lake (# I  ). A.R. McLean. 1991. 22pp plus appendices. 

A reconnaissance survey of Little Carbon Lake. A.R. McLean. 1991. 20pp plus appendices. 

A reconnaissance survey of Shoal Lake (#2). A.R.. McLean. 1991. 21 pp plus appendices. 

A reconnaissance survey of Simpson Lake. A.R. Langston and A.R. McLean. 1991. 22pp plus 
appendices. 

A reconnaissance survey of Dina Lake (#3). A.R. McLean. 1992. 22pp plus appendices. 

A reconnaissance survey of Little Calais Lake. A.R. McLean. 1992. 23pp plus appendices. 

A reconnaissance survey of Dina Lake (#6). A.R. Langston. 1993. 23pp plus appendices. 

A reconnaissance survey of Lost Lake. A.R. McLean. 1993. 20pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Sabai Lake. D.A. Jesson. 1990. 
12pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Burden Lake. A.R. McLean. 1991. 
12pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Dina Lake (#1 1. A.R. McLean. 1991. 
13pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Dina Lake (#2). A.R. McLean and A.R. 
Langston. 1 99 1. 1 3pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Gantahaz Lake. A.R. McLean. 1991. 
1 1 pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Lower Manson Lake. A.R. McLean. 
1 991. 12pp plus appendices. 

Fish habitat enhancement potential and stocking assessment of Upper Manson Lake. A.R. McLean. 
1991. 12pp plus appendices. 



No. 122 Fish habitat enhancement potential and stocking assessment of Morfee Lake. A.R, McLean. 1991. 
14pp plus appendices. 

No. 123 Fish habitat enhancement potential and stocking assessment of Bruce Lake. R.J. Zemlak and A.R. 
Langston. 1994. 12pp plus appendices. 

No. 124 Fish habitat enhancement potential and stocking assessment of Canty Lake. R.J. Zemlak and A.R. 
Langston. 1 994. 13pp plus appendices. 




