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Sunmary

The Upper Sustut River steel head stock was enunerated in the fal
of 1993 for the second consecutive year. The enuneration nethods
i ncluded the use of the Johanson Creek and Upper Sustut mgration
fences and snorkel counts for 5 km bel ow the fences to the Moseval e
Creek junction. Seven total counts of steel head at the Upper Sustut
R ver were acconplished from Septermber 3% to 26'". Results showed a
decrease in new arrivals toward the end of Septenber and estimated the
Upper Sustut stock to consist of 476 steelhead in the fall of 1993.

The first steelhead arrived in the Upper Sustut River in early
August and continued to aggregate in the 1.5 km section of river bel ow
t he Johanson confl uence through nost of Septenber. Steel head noved up
the Sustut River through the Sustut fence at a | ow and inconsi stent
rate. Only 26 steel head (11 nmales, 15 fenmales) noved through the Sustut
fence toward Sustut Lake. However, steel head noved up Johanson Creek
t hrough the Johanson fence at a conparatively steady rate. A total of
182 steel head (65 males, 117 fenal es) noved t hrough the Johanson fence
t owar d Johanson Lake. \When fences were renpved on Septenber 28'" there
were still 276 steel head bel ow the fences. The final mgration of these
st eel head appeared to be del ayed by extrenely | ow di scharge and
possi bly cool water tenperatures that dropped below 4 °C

| recommend that the Mnistry of Environnment continue to use the
Upper Sustut River as a steel head index streamand to work in
coordination with the Departnment of Fisheries and Cceans to nmintain
practical and shared expenses to this project. The necessity for the
operation of both fences is enphasized and it is suggested that future
snor kel surveys include records of varying turbidity. It is also
i nportant that the Upper Sustut River is better nonitored for an
assessnent of the inpact of the Native fishery.
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1.0 Introduction

The Sustut River is a |large drainage systemat the upper end of the Skeena
Ri ver. From Sustut Lake to the Skeena River, the Sustut R ver flows to the
sout hwest for about 100 km the watershed of the Sustut Ri ver covers
approxi mately 20,000 knf. The mmjor tributaries of the Sustut are Birdflat
Creek, Bear River, Saiya Creek, Asitka Creek, Red Creek, Two Lake Creek,
Wl |l ow Creek, Moseval e Creek, and Johanson Creek (Figure 1). Presently,
two Sustut River steel head stocks are recognized: the | ower Sustut (Bear

Ri ver) and the Upper Sustut. Johanson Lake (elev. 1,444 m, and Sust ut
Lake (elev. 1,301 nm) are the primary overw ntering |ocations for the Upper
Sustut steel head stock. In fact, the Johanson and Sustut | akes’

overwi nterers al so appear to remain reproductively isolated from each

ot her; both popul ati ons spawn near the outlets of the |akes in which they
overwi nter (Bustard, 1993). However, the degree of genetic distinction

bet ween t he Johanson Creek and Upper Sustut River populations is

uncert ain.

Recent studies of Sustut River steel head have indicated early m grations
to the higher elevations of Sustut and Johanson | akes (Spence et al.

1990). Bustard (1992) has found evidence of this early mgration fromthe
recovery of steel head that were Fl oy Tagged by the comrercial fishery.
Tags that were recovered in the Upper Sustut River (above Bear River
confluence) indicated that the Upper Sustut steel head noved through the
comercial fishing area during July and the first week of August in 1992
(Bustard 1992). Steel head that nove into the Skeena River in July are
considered to be early-run summer stocks, and are anong t hose nost heavily
i npacted by the commercial and native fisheries. There is evidence that
the | ower Sustut steel head stock arrives later in the season than the
Upper Sustut stock and is at less risk fromthe commercial fishery (Spence
et al. 1990).

The M nistry of Environment is particularly concerned with all summer-run
stocks of steel head influenced by conmmercial and native fisheries. The
noni tor of steel head escapenent at the upper Sustut River will assist in
eval uating the inpacts of the existing fisheries on early summer-run

st eel head.

There were three basic objectives for this study:

1. To evaluate the timng of arrival, and abundance of steel head at the
Upper Sustut River in 1993.

2. To acquire an estimte of “substock” conmposition (Johanson and
Sustut Lake overwi nterers) for the Upper Sustut River stock.

3. To collect additional information regarding the inpact of the native
fishery on Upper Sustut River steel head stock
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Figure 1. The Sustut R ver and its major tributaries.



2.0 Materials and Met hods
2.1 Study Site

This study focused on the Upper Sustut River at an area extending approximately 7
km downst ream fr om Johanson Creek confluence (Figure 2). This stretch of river is
where steel head are known to hold for variable Iengths of time prior to their
final migration upstreamto the overwintering |l akes. In 1993, counting fences
were constructed across both the Johanson Creek and the Upper Sustut River.

Previ ous studi es have described the 7 kmstretch of river bel ow the Johanson
confl uence and have di scovered that a mapjority of steel head spend | ong periods of
time holding in a series of pools |located within 1.5 km of the confl uence
(Bustard 1992). Based on this evidence, this project used the entire 7 kmstretch
of river to estinmate the tining and total nunber of steelhead migrating to Sustut
and Johanson | akes for overwintering (Figure 2).

2.1.1 Sustut Fence

The Sustut Fence was installed 20 neters above the Johanson confluence on July
25'" 1993 (Figure 2). The fence was 20 neters in length and consisted of six 5 x
8 panels with 2" alum num nesh screen, 10 of conduit fence, a 4 x 8 x 6’ up-
mgration trap, and a 4'x4'x5 down-mgration trap (Figure 3). Departnent of

Fi sheries and Cceans (DFO nodified the up-mgration trap with a solid barrier in
the center area of the up-streamface of this trap which sl owed water flow down
the center of the trap. This block of water flow increased the fish's ability to
escape back down-stream and should be revised before the trap is reused in 1994.

2.1.2 Johanson Fence

The Johanson Creek fence was installed approximately 200 m above its confl uence
to the Sustut River on July 25'" (Figure 2). The fence was 20 meters in length
and consisted of four 5 xI O panels with 2” alum num mesh screen, 10" of conduit
fence, a 4 x 8 wup-mgration trap and a 4 x 4 down-migration trap (Figure 4).
The two traps were installed directly beside one another on the west bank of the
river; the down-migration trap was set nearest the shore in the slower noving
wat er. The waterflow through the up-migration trap remai ned adequate enough to
hel p prevent downstream escapenent fromfish that cane into the trap; the

bl ockage of down stream flow on the sides of the upstreamface of the trap
created resting locations in the trap but also maintained fast current through
the center which decreased the abilities of fish to turn back down stream through
the narrow end of the funnel entrance.

2.2 Timng and Logistics

This steel head study was conducted in coordination with a project by the
Departnent of Fisheries and Cceans (DFO who initiated fence operation on July
25'™" and nonitored migration of all species of salnonids including chinook
(Oncor hynchus tshawytscha), sockeye (0. nerka), coho (0. kisutch), rainbow and
steel head (0. nykiss), dolly varden char
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Figure 2. Detailed map of the study area used for the enuneration of the Upper Sustut
steel head stock during August and Septenber, 1993.



(Sal velinus mal ma), and nountain whitefish (Prosopiumwilliansoni). The Mnistry
of Environment took over fence operation on Septenber 2" as the sumer run
st eel head began to arrive in significant nunbers. Fences were operated unti
Sept enber 28'" during which time water levels and turbidity were very | ow. Snorke
surveys below the fences were used to determne the rate of immgration to the
study area and the need for continuing fence operation. Fences were renoved prior
to conpletion of mgration by steel head partially because it appeared that the
fences were holding fish back at the junction pool while the native fishery for
steel head was just beginning at this location. Very low flows of water in both
the Upper Sustut River and Johanson Creek, and |ong range weat her forecasts that
predicted little increase in precipitation for up to two weeks, also pronoted the
renoval of fences before enuneration had accurately divided the two substocks
(Sustut and Johanson | ake overw nterers).

2.3 Fence Qperation

Bot h, the Sustut and Johanson counting fences, were checked two tines each day.
St eel head were neasured for fork length (cn), weighed (kg), and five scal es were
taken fromjust above the lateral |ine between the dorsal and adi pose fins for
agi ng. Weight and scal e sanples were not taken after Septenber 6'". A Cenco

di ssecting mcroscope was used to determ ne freshwater and ocean ages from
readabl e scales. In addition, all steelhead that passed through the fences were
Fl oy tagged on the left side of the dorsal fin; green tags were used at the
Sustut fence and bl ue and yell ow tags at the Johanson fence. Sockeye, chinook,
and coho sal non were sexed and fork lengths (cn) were recorded. Rai nbows, dolly
varden char and rocky nountain whitefish were counted and quickly released to
reduce injury and stress, which they appeared to be nore vul nerable to. Fence
mai nt enance al so invol ved renoval of debris and ice on alternate days during
Sept enber .

2.4 Discharge and Tenperature

Water height (+/- 0.5 cm and water tenperature (+/ - 0.1 °C) were recorded at
three different staff gauges : Upper Sustut River, Johanson Creek and bel ow t he
confluence (Figure 2). FromJuly 25th to Septenber 9'", daily m ni mum water
tenperatures were recorded. From Septenber 10'" — 28'", water tenperatures were
taken at approximately 9:00 and 17: 00 hours each day; norning and afternoon
tenperatures represent good estimtes of nininmum and maxi mrum daily tenperatures
(Bustard 1992). Water heights were neasured daily to docunent fluctuations in
di schar ge.

2.5 Enuneration bel ow fences

2.5.1 Adult taggi ng bel ow fences

Adult steel head were caught by angling in the Sustut River between the Johanson
and Mooseval e confluences. In total, 24 steelhead were Floy tagged (yellow) on
the left side of the dorsal fin from Septenber 2" — 8'". The initial intent of
this process was to assist in corrections for snorkel survey counts (as in
Bustard 1992), but visibility tests indicated the inaccuracy of yellow tags for
this purpose (see Visibility Evaluation, page 11). Tagging efforts bel ow the
fences were therefore discontinued on Septenber 8"



Fi gure 3. Photograph of fish fence on the Upper Sustut R ver.
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Figure 4. Photograph of the fish fence on Johanson Creek,




2.5.2 Snorkel Surveys
Seven snorkel surveys fromthe fences, downstreamto the Myoseval e Creek con-
fluence (Figure 2), were conducted at four day intervals in order to enunerate
st eel head below the two fences and to nonitor rates of new arrivals to the upper
area of the Sustut River. Three additional surveys were done in conjunction with
the final three “fence to Moseval e counts” in order to cover the | owest |oca-
ti ons above Bear River that steel head are known to congregate; this included 3
hol ding pools in a 2 kmstretch of river below the Moseval e confluence (Figure
2).

The initial snorkel survey was done with two snorkelers, and all others were done
wi th one snorkel er acconpanied by a person recording fish observations froma
raft. Positioning of drifts during counts was critical in pools where high den-
sities of fish were hol ding; observation was focused in only one direction which
required the snorkeler to maintain position close enough to one shore to prevent
fish from sneaki ng past w thout being counted. Due to good underwater visibility
and | ow water levels in the river during all surveys, it was possible to have a
complete view of all fish. In sonme cases, when fish doubl ed back and nade count -
ing difficult, pools were snorkelled two and sonetines three tines to ensure
accurate counts. The very low water |evels which created very fast and shal | ow
runs between hol di ng pools deterred steel head from noving frompool to pool. In
| ess occupi ed and w der stretches of the river, snorkelling was done down the
centre or deeper trench of the river searching for steel head on both sides
through the drift.

2.5.3 Visibility Eval uation

In order to nonitor changes in underwater visibility, a black square (7.5 cm X
7.5 cn) versus a black circle (7.5 cmdianeter) was used to test underwater shape
recognition at variable distances. Shape identification (square versus circle)

i nvol ved six randomtrials of circle and squares (always 3 circles/3 squares) at
5,7,9, and 11 neter distances; lengths of tine (sec) to recognition were recorded
giving nean times to identification at different distances. This test was al so
done in both light and shady conditions to account for the possible influence of
light intensity on snorkel counts.

In addition, yellow, green, blue, and orange Floy tags were tested for com
parative recognition of different colours of tags at variable distances. Tags
were attached to the face of the black square (7.5 cm) for identification of
presence and colour at 4,5,6,7,9, and 11 neter di stances. These nmeasures of tag
recognition were done in good light (sun) conditions.

2.5.4 Aerial Survey

On Septenber 15'", an aerial count of steel head by helicopter was conducted from
t he Mboseval e confluence to the fences. This allowed an interesting conparison to
a snorkel count that had been conpleted on Septenber 14'". The |ight conditions
for these two surveys were very simlar with clear skies on both days. The aeri al
count was done at a | ow enough elevation to allow easy identification between
sockeye and steel head. A difficulty with this technique was the nulti-directional
di spersal of steelhead that the helicopter created as it noved overhead. However,
repeat passes over difficult pools allowed reasonabl e counts.



Table 1. Summary of all species of fish noving up-streamthrough the
Sustut and Johanson fences from July 25'" 1993 — Septenber 26'", 1993,
(for details see Appendices 1 & 2).

Sustut Fence Johanson Fence
Speci es males females TOTAL nmales females TOTAL
St eel head 11 15 26 65 117 182
Sockeye 943 1214 2169 430 587 1021
Chi nook 97 102 199 59 32 91
Coho — — 5 13 5 18
Rai nbow t rout - - 6 - - 1
Dol I'y varden - - 21 - - 9
Mount ai n — — 12 — —
whi tefi sh

3.0 Results

3.1 Up-stream novenent through fences

3.1. 1St eel head

The first steel head noved through the Sustut fence on August 9'", but the next

st eel head was not recorded at the Sustut fence until August 24'". The novement of
st eel head through the Sustut fence then continued sporadically until the fence
was renoved (Appendix 1). In total, only 26 steel head (11 males, 15 fenales) were
mar ked and rel eased above this fence during the entire study (Table 1).

The first steel head noved to the Johanson fence on August 9'" and appeared to
initiate a nore consistent trend of up-streammgration to Johanson Lake than to
Sustut Lake (Appendi x 2). Wen the Johanson fence was renoved, 182 steel head (65
mal es, 117 femal es) had been tagged and rel eased above the fence (Table 1).

Fromall steel head that were tagged and rel eased (Sustut and Johanson fence
captures conbined), the fork Iengths of nmales ranged from53 - 94 cmand fork

Il engths of females from66 - 87 cm (Figure 5). The nean fork | ength of fenales
was 75.9 cmand the nean fork Iength for males was 85.8 cm Conparison of adult
size in 1993 to previous surveys found a notable size increase from 1992 (Bustard
1992), but little difference from 1986 (Spence et al. 1990)(Table 2).



Figure 5. Distribution of fork lengths (cm anong all steel head
passi ng through the Upper Sustut and Johanson fish fences, 1993.
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Freshwat er ages ranged from2 to 5 years but were difficult to evaluate. The
majority of both males and fenal es appeared to have lived either 3 or 4 years
in freshwater. It is inportant to note that this evaluation of freshwater
ages from scales may be missing one year. It has previously been suggested
that the Upper Sustut stock primarily spends 4 to 5 years in freshwater, as
opposed to the 3 or 4 years that has been nore commonly described for this
system (Spence et al. 1990). It is believed that the harsh environnment and
associated low growh rate in the first year excludes a detectabl e annul us
(Wal lis 1982).

Ccean ages from scal es were easier to evaluate than freshwater ages due to
the recogni zably increased growth during the sumrers at sea. Scal e sanpl es
were taken fromthe first 75 steel head whi ch passed through the fences. The
steel head arriving at the Upper Sustut River (1993) were found to have ocean
ages of 2 + or 3 + years (Table 3).

3.1.2 Sockeye sal non

In coordination with DFO, this project included the continuation of

nmoni tori ng sockeye migrations to Sustut and Johanson | akes. The first sockeye
were recorded at the Johanson fence on July oth and at the Sustut fence on
July 31°'. Sockeye continued to nove into the



Table 2. Sunmary of sanple sizes (N, nean fork lengths (cm, and size
ranges of male and fermal e steel head in the Upper Sustut River (data
from 1992 and 1986 are taken from Bustard 1992, and Spence et al. 1990,
respectively).

Year N (% Mean Fork Length Si ze Range
(cm (cm
MALES

1993 75 (35.7) 85.8 53 - 94

1992 49 (19.8) 77.6 69 — 91

1986 66 (35.7) 84.1 76 - 98

FEMALES

1993 135 (64.3) 75.9 66 — 87

1992 198 (80. 2) 72.1 65 — 82

1986 119 (64.3) 76.3 67 - 88

Tabl e 3. COcean ages and nean fork I engths of male and fenal e steel head
fromthe Upper Sustut River in 1993.

Mal es Femal es

Ccean Age N( % Mean FL (cm N( % Mean FL (cm

2+ 16 (67) 81.7 35 (78) 75.5

.3+ 8 (33) 88. 0 10 (22) 81. 6




up-mgration traps at both the Sustut and Johanson fences through August and

Sept enber; the peaks of migration were during August at both fences (Appendices 1
& 2). In total, 2169 sockeye (943 males, 1214 females, 12 unknown) noved through
the Sustut fence and 1021 sockeye (430 nal es, 587 females, 4 unknown) noved

t hrough the Johanson fence (Table 1); less than 100 sockeye were seen in the 5 km
stretch of river below the fences during the final snorkel survey on Septenber
26"

3.1.3 Chinook sal non

Prior to transition of the responsibilities for this joint project to the MXE
Fi sheries Branch, DFO (Shirvell & Dubeau) al so obtained data on nunbers of

chi nook sal non that noved above the Sustut and Johanson fences. Unlike sockeye,
chi nook nmoved through the fence over an earlier and nore concise tine fromlate
July to early August (Appendices 1 & 2). In total, 199 chinook (97 nales, 102
femal es) noved past the Sustut fence, and 91(59 nales, 32 fenal es) were noved
past the Johanson fence (Table 1). Fork |engths and wei ghts of chinook sal non
were recorded at both fences and are listed in Appendix 4.

3.1.4 Oher fish species

Coho sal non, rainbow trout, dolly varden char, and rocky nountain whitefish were
al so found in up-streamtraps at both fences. During the entire study, there were
18 coho (13 males, 5 fenales) recorded at the Johanson fence, and 5 coho (2

femal es, 3 unknown) recorded at the Sustut fence (Table 1). Only 4 rocky nountain
whitefish, 9 dolly varden char, and 1 rainbow trout were recorded at the Johanson
fence and 12 rocky nmountain whitefish, 21 dolly varden char, and 6 rai nbow trout
were recorded at the Sustut fence (Table 1).

3.2 Down-stream novenent through fences

Interestingly, there were very few fish caught in the downstreamtraps at either
fence. Two weak and fungus infected steel head were found in the Johanson and none
were found in the Sustut downstreamtraps. It is possible that the downstream
traps at both fences were positioned in |locations with insufficient water flow to
attract or retain fish

3.3 Timng of steel head novenent through fences

The discharge of both Upper Sustut and Johanson rivers decreased steadily during
Sept enber (Appendi x 5) and suggested that stream flow nay have reduced novenent
of steelhead to the overwintering | akes. A slight increase in water tenperature
from Septenber 4'" to 8'" coincided with a notable increase of steel head novenent
t hrough the fences (Appendi x 6) suggesting that tenperature is influential on
later migrations. It was apparent that water tenperatures below 2 - 4 °C had a
not abl e effect on steel head activity. This was npbst evident during the handling
of steelhead at different recorded tenperatures. It was al so recogni zed clearly
that steel head preferred to wait until the afternoon (perhaps highest
tenperature) to make attenpts at surpassing the fences. There was very little
activity below either the Sustut or Johanson fences in the norning hours and

al t hough sone steel head were recorded in the up-streamtraps in the norning, the
maj ority of them had entered the traps



overni ght.

At the tinme when fences were renoved, the mgjority of the Upper Sustut steel head
stock was still holding below the fences. Evidence fromthe 1992 survey (Bustard
1992) suggests that these fish were awaiting a najor autum freshet to stinulate
movenent to the | akes for overw ntering.

3.4 Enuneration downstream from f ences

3.4.1 Underwater Visibility

Tests were performed on Septenber 19'" to neasure underwater visibility, and to
eval uat e accuracy of snorkel counts (Appendix 7). Visibility remained relatively
unchanged for all seven surveys conpleted in this study. Test results revealed a
definite advantage for drifts along the shady side of a river that directed the
viewing into the better lighted areas; this allowed for a significantly |onger
range of vision. Conparison of different coloured Floy tags al so reveal ed t hat
yel l ow, green, and especially blue tags were difficult to identify at distances
greater than 5 nmeters. In conparison, the black shapes were relatively easy to
identify at distances greater than 10 m Useful information for future work was

t he cl ear advantage of orange tags which were as easy to identify as the bl ack
shape markers. The results fromthese sinple tests reveal that researchers nust
be cautious of popul ation estinmates that do not include a neasure of tag
visibility to allow for corrections related to tags not seen. It is inportant in
snhorkel surveys to only count fish that are within the range of tag visibility if
mar k/ recapture estinmates are going to be used. However, for the snorkel counts in
this study, mninmmdistance of fish identification was fromone side of the
river to the other at all of the holding pools. This excellent visibility all owed
accurate counts of steel head w thout any corrections.

3.4.2 Snorkel Surveys

Data for the enunerations of steelhead by snorkel counts fromthe fences
downstreamto the Mboseval e confluence are summari zed in Table 4. Low water

|l evel s and low turbidity created excellent visibility and accurate counts for al
seven surveys. The four day interval between surveys was chosen because it
limted the disturbance to the fish but allowed for reasonabl e recognition of the
rate that new arrivals entered the survey area. In addition, the three short
snor kel surveys bel ow the Moseval e Creek confl uence were useful indicators of
the conparative rates of steelhead arrival at the section of river where the
snhorkel counts were conducted (Table 5). The conbi ned data from snorkel surveys
and fence counts support that the enumeration on Septenmber 26'" is a relatively
good estimation of the nunber of adult steel head of the Upper Sustut stock of
1993. The very small nunber of steelhead in the | ower hol ding pools bel ow the
Mboseval e confluence and the small increase (1.9 % in popul ation from Septenber
22" to 26'" indicated that the large majority of the stock had arrived at the
Upper Sustut River.



Table 4. Sunmary of adult steel head popul ati on esti mates, as determ ned
by snorkel and fence counts, in the Upper Sustut River, Septenber 1993.

Dat e ( Sept enber)

Pool # 3 7 11 14 18 22 26
Johanson 6 50 22 17 33 26 25
1 6 30 30 30 54 28 26
2 39 36 78 93 90 71 81
3 27 16 8 13 5 23 37
4 9 2 0 5 0 0
5 50 55 49 13 46 106 90
6 7 4 2 46 4 5 4
7 5 0 0 2 1 0 0
8 0 0 0 0 0 0 0
9 2 0 1 0 0 0 0
10 0 2 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13 6 4 5 4 5 12 14
14 6 0 5 0 3 0 2
15 0 1 1 1 1 0 0
16 0 0 0 0 0 2 0
17 2 3 0 3 1 0 1
Snor kel
Count s 165 205 209 224 228 273 276
Sust ut
Fence 15 19 25 25 25 26 26
Johanson
Fence 50 81 144 155 165 168 174
Popul ati on 230 305 378 404 418 467 476
Per cent

i ncrease - 32.6 23.9 6.9 3.5 11. 7 1.9




Table 5. Summary of results from snorkel surveys of the Sustut River
for 2 km bel ow the Mdoseval e junction (for |ocations of pool #, see
Figure 2, page 3).

Snor kel Surveys

POOL # Sept ember 17'" Sept enber 215" Septenber 25'"
18 1 2 0
19 2 6 0
20 0 0 1
bet ween pool s 1 1 2
TOTALS 4 9 3

3.4.3 Aerial Survey

The aerial survey was conpleted in approximately 10 m nutes and
estimated 221 steel head from Mooseval e Creek up to the fences.
Visibility was ideal with no pools too deep to see the bottom This
aerial survey on September 15'" counted only 3 fewer fish than the

snor kel count on Septenber 14th. In fact, there was no difference in
total enunerations because 3 fish had noved through the fences on the
af ternoon between the two counts. This was an excellent exanple of the
efficiency and accuracy of aerial surveys when conditions such as depth
and turbidity are optimal. In addition, there were also very few coho
present in this stretch of stream This added to the accuracy of this
aerial count which was not reliant on species differentiation.

3.5 Enuneration of Upper Sustut steel head

The summary of the stock enuneration through the nonth of Septenber is

di spl ayed in Table 4. The conbi nati on of snorkel survey counts and
nunbers of fish through the Sustut and Johanson fences gave good

esti mates of the nunber of steelhead in the upper region of the Sustut
River. Results revealed a steady increase in total nunbers during early
Septenber, with progressively lower recruitnent later in the nonth. The
final snorkel survey bel ow the Mboseval e Creek confl uence on Septenber
25'" counted only three steel head approaching the survey area and inplied
that the 1993 run was essentially over. The final estimate for the Upper
Sustut steel head stock in 1993 was 476. This nunber of steelhead is well
bel ow the carrying capacity assessnent for this drai nage, which estinmates
that the Upper Sustut is able to sustain returns of nore than 1000

steel head (Tautz et al. 1992: Ward pers. conm).



4.0 Discussion

The 1993 addition of the fence across Johanson Creek, in conbination with the
Upper Sustut fence, allowed accurate counts of all adult steel head before their
arrival at either Sustut or Johanson | akes for overwi ntering. The use of both
fences provided useful evidence of the timng of the final upstream m gration by
steel head fromthe major holding areas in the 1.5 kmstretch bel ow t he Johanson
confl uence. A know edge of holding times in this section of the river by both the
Johanson and Sustut Lake overwinterers is inportant in predicting the vul ner-
ability of these stocks to the Native fishery. In this year’s record, the
Johanson Lake overwi nterers clearly showed earlier and nore consistent mgration
to the lake. Since the Native fishery for steelhead did not start until the end
of Septenber 1993, this indicates that Sustut Lake overwi nterers were nore

vul nerabl e to over fishing by natives. Due to the fact that fences can del ay

m gration of fishes, it is necessary to balance the benefits of precise enuner-
ation of Sustut Lake overwinterers with their increased vulnerability to Native
fishing.

In addition to the exact counts of steel head novi ng upstream through the fences
to the | akes for overw ntering, the snorkel surveys provided precise counts of
fish that had arrived in the survey area. In agreenent wth the 1992 snorke
surveys (Bustard 1992), the 1993 surveys al so found that steel head congregated
primarily in the holding pools within 1.5 km of the Johanson confl uence. However,
in 1993, fish also congregated in a holding pool in Johanson Creek, approximtely
100 m bel ow t he Johanson fence (eg. 50 steel head at this |ocation on Septenber
5'h, 1993). Bustard (1992) reported seeing very few steel head at this location in
1992. The new congregation of fish at this location may be an artifact of the
fence. Another difference was that Bustard (1992) found 40 steel head holding in
the Sustut Canyon (two pools bel ow the Moseval e confluence) on Septenber 10'"
1992. In 1993, snorkel surveys of this |ower region found significantly fewer
fish holding at any of the pools below the Moseval e confluence. Counts at the
canyon pool were two, six, and zero on Septenber 17'" 21%' and 25'", respectively.
However, Bustard s only survey of this |ower region of the Upper Sustut River was
conducted earlier in Septenber. Larger nunbers of steel head may have been hol di ng
at the Sustut Canyon pool earlier in 1993. This section of the river appears to
be a useful indicator of new arrivals to the Upper Sustut River and should
continue to be used to support the timng of future snorkel enunerations.

Due to early renoval of the fences, it is difficult to assess the ratio of
returns to Sustut and Johanson | akes. At the term nation of the study, 182

steel head had nigrated through the Johanson fence and 26 through the Sustut

fence, which left 268 steel head downstream fromthe fences. O these 268, 25 were
in the Johanson Creek hol ding pool which inplied that at |east 207 fish would
overwi nter in Johanson Lake. How the remai ning 243 steel head bel ow t he confl uence
distributed is uncertain, but the total at Johanson Lake would |ie between 207
and 450 steel head. The nunber of steel head reaching Sustut Lake would therefore
lie between 26 and 243.

The final enuneration for 1993 does not take into account the inpact of the
Native fishery for steel head that occurs at this location during | ate Septenber
and Cctober. Takla Band nenbers were observed fishing in the Upper Sustut River
with both treble hooks and gill nets. A 25 gaff pole was al so discovered hangi ng
on a large tree beside the river. The first



participants in this fishery arrived on Septenber 24'" and 25'". Persona
conversation with these famlies indicated there is an annual steel head harvest
of this stock during |late Septenber through to the middle of October. It is

i nportant to consider that the 476 steelhead likely represent two stocks from
different tributaries and that the Sustut Lake overw nterers are especially

vul nerable to the Native fishery due to an apparently prol onged del ay bel ow t he
Johanson confluence, where the fishery is focused. It is essential to further
exam ne the discreteness of Johanson Creek and Upper Sustut stocks as this could
greatly influence managenent deci sions concerning these stocks.

The coordination of this work with the Departnent of Fisheries and Cceans is an
excel  ent approach toward a conpl ete annual fisheries managenent survey of the
Upper Sustut River. The early migrations of steel head to Johanson and Sust ut

| akes nake this system an appropriate index for the variable inpacts of the
commerci al and Native fisheries on early-run summer steel head of the Skeena
drai nage system Continued nonitoring of the Upper Sustut stock w |l provide
managers with the infornmati on needed to nore adequately address interannual
fluctuations in abundance and the inpact of downstreamfisheries.



5.0 Recommendati ons

5.1 It is reconmended that the Upper Sustut River steel head stock continue
to be used as an index systemfor early run, summer steel head stocks. It
is inmportant that both the Upper Sustut and the Johanson fences are

mai ntai ned. This will require comunication with the DFOto ensure the

i ncl usi on of the Johanson Creek fence. Operation of these two fences
shoul d be taken over fromthe DFO on Septenber 1st then nonitored for 4 -
6 weeks or as weather permts. The road fromthis location is usually in
good condition until md to late October (Ron Steffi: Mosevall ey
Qutfitters, pers. conm).

5.2 An accurate record of underwater visibility should be taken during al
snor kel surveys. Measured changes of turbidity will give a val uable
account for variation of enuneration.

5.3 1t will be useful to determ ne whether the Sustut and Johanson | ake
overwinterers are in fact separate stocks. Bl ood sanples should be taken
fromkelts near the outlets of both the Sustut and Johanson | akes for DNA
sequenci ng. Genetic conparisons may provide the answer to the relationship
bet ween these two popul ati ons.
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Appendix 1. Daily catch of fish noving upstreamin the Sustut River at the
Upper Sustut Fish Fence from July 25'" to Septenber 28'", 1993 (pages 19 - 21).

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M | F | Total M F | Total M
July
25
26
27
28 10 6 | 4
29 1|2
30 1|2
31 13 716 2 2 0
Aug.
1 18
2 16 1 1 0
3 26 |10 ]| 16 1 1 0
4 13 6 | 7 2 1 1
5 16 6 |10 5 3 2
6 17 7 110 4 4 0
7 3 1|2 13 10 | 3 1
8 16 |10 | 6 40 26 | 14
9 1 110 413 |193|214 1 0
10 3|11 106 53 | 53
11 3|2 88 46 | 42
12 513 9 5 4
13 11 6 | 5 37 17 | 20
14 6 1|5
15 4 3|1
16 4 2 | 2 22 17
17 1 1|0 42 19 | 22
18 13
19 10
20 1
21
22 3 1




Appendi x 1. (cont.) Daily catch of fish noving upstreamin the Sustut River at
the Upper Sustut Fish Fence fromJuly 25'" to Septenber 28'", 1993 (pages 19-21).

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M | F | Total M F | Total M| F
Aug
23 95 60 | 33 1
24 331 |152|178 3 0|3
25 308 |120 186 2 1|1 1
26 1 1110 4 3 1 4 1|3 1
27 2 1|1
28 10 9 1 1 0|1
29 2 0 2 1
30
31 12 2 10
Sept .
1 88 28 | 60 2 210
2
3 3
4 1
5 46 19 | 27 2 0|2 1
6 10 6 4 2 1)1 1
7 95 34 | 61 3 31|10 5
8 27 11 | 16 3 2 |1 1 1
9 27 8 19 3 1
10 3 1 1 1
11 60 15 | 45 1 1 1 1
12 44 12 | 32 1
13 46 8 | 38
14 48 6 | 42 1 0 1
15 26 8 18 1 2
16 16 7 9
17 16 3 13 1
18 2 1 1 1
19
20 1 1 0




Appendix 1. (cont.). Daily catch of fish noving upstreamin the Sustut River at

the Upper Sustut Fish Fence fromJuly 25'" to Septenber 28'", 1993

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M | F | Total M F | Total M| F
Sept .
21 2 1 1 1 1 4
22 6 3 3
23 5 1 4 1
24 2 1 1
25 1
26 6 2 4
27
38
TOTAL | 199 | 97 |102| 2169* 943 |1214| 26 11 | 15 5 7 14 9

()* 12 fish fromthis total escaped prior to record of sex




Appendi x 2. Daily catch of fish noving upstreamin the Johanson Creek at the
Johanson Fish Fence fromJuly 25'" to Septenber 28'" 1993 (pages 22-24).

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M| F | Total M F | Total M| F
July
25 6 | 1 1
26 2 |3
27 5|1
28 11 7 | 4
29 4 311
30 13 6 | 5
31 11 4 | 7
Aug.
1 5 3| 2 8 4 4 1
2 4 4 | 0 1 1 0
3 2 0| 2 4 1 3
4 6 511 2 1 1
5 3 2 11 31 16 | 15
6 2 1)1 27 17 | 10
7 1 1110 69 37 | 32
8 4 4 | 0 37 17 | 19
9 1 1|0 55 22 | 33 1 0|0
10 56 26 | 30
11 2 1 76 31 | 45 1
12 0 13 6 7
13 1 0 56 22 | 34 1 0 1
14 43 20 | 23
15 1 0|1
16
17 46 16 | 27
18 17 9 8 1 0|1
19 6
20 2 1|1 28 11 | 17
21 2 1 1
22 23 11 | 12




Appendi x 2. (cont.) Daily catch of fish noving upstreamin the Johanson Creek
at the Johanson Fish Fence fromJuly 25'" to Septenber 28'", 1993

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M | F | Total M F | Total M| F
Aug
23 26 13 | 13 3 1|2
24 66 26 | 40 9 4 |5 1
25 78 26 | 52 6 3|3
26 1 1110 2 5 4 |1 1 1
27 5 3 1 0|1
28 16 5 11 1 0|1
29 11 7
30 8 4 3
31 11 7 4 3
Sept .
1 2 1|1 1
2 3 2 |1
3 32 9 | 23 4 1|3
4 20 7 13 2 0|2 1
5 8 2 6 7 o |7 1
6 13 3 10 10 3|7 1
7 17 8 9 24 8 |16 4 1
8 17 3 14 31 12 |19
9 10 3 7 15 7|8
10 1 0 1 0|1
11 3 6 8 3|5 2
12 2 2 5 1] 4 1
13 2 6 5 2 |3
14 14 2 12 3 0 3
15 2 1
16 1 1 110 2
17 0 5 3|2
18 1 0|1
19 1 0 1 1 1|0 1
20 1




Appendi x 2.
Johanson Fish Fence fromJuly 25'" to Septenber 28'", 1993

(cont.) Daily catch of fish noving upstreamin Johanson Creek at the

Chi nook Sockeye St eel head Coho RBT DV RMWV
Total | M | F | Total M F | Total M F
Sept .
21 3 1 2 2 2 0 1
22 3 1 2
23 1 0 1
24 1 0 1 4 3 1
25 1
26 3 0 3 2 1 3
27
28
TOTAL| 91 |59 |32 | 1021* (430|587 | 182 |65 |117| 18 1 8 4

()* 4 fish fromthis total

escaped prior to record of sex




Appendi x 3. Fork Lengths and Weights of (a.) nmale and (b.) female
steel head from subset of fish noving through the Upper Sustut and
Johanson fences in 1993 (Data from DFO records).

STEELHEAD

a. val es b. Fenal es

Fork Length (cm Wi ght (kg) Fork Length (cm Weight (kg)

83.0 6.21 75.0 4.33
53.0 1.70 74.0 4.93
68.5 3.57 80.5 6. 06
83.5 5. 88 84.0 5.70
84.5 6. 04 81.0 5.95
85.0 6. 45 81.0 5.71
81.0 5.75 81.0 5.31
82.0 6. 29 74.0 4.33
77.0 5.22 79.0 5.53
84.5 7.22 84.5 6. 00
79.5 4.94 78.0 4.70
54.0 1.72 71.0 3.94
93.5 7.87 75.0 4. 36
82.0 6. 45 78.0 5.56
84.0 6. 05 68. 5 3.37
89.0 6.43 72.5 4.25
85.0 5.98 80.0 5.63
87.5 7.03 82.0 5.55
89.5 7.02 69. 7 4.35
82.5 6. 36 87.0 6. 80
71.0 4.44
72.0 4.74
67.0 4. 04
Mean FL = 80.4 cm 83.0 5.95
Mean wei ght = 5.71 kg 70.0 3.50
77.0 5. 20
73.5 4.55
72.0 4. 35
85.0 5.83
76.0 5.37
69.5 4.12
78.0 5.49
69.0 3.32
81.0 5.78
87.0 7.43
81.0 5.79
Mean FL = 76.9cm
Mean Weight = 5.01 kg



Appendi x 4. Fork Lengths and Weights of (a.) nmale and (b.) female

Chi nook sal non from subset of fish noving through the Upper

Fence in 1993 (Data from DFO records).

a. Mal es

Chi nook Sal npon

Fork Length (cm Wi ght (kg)

88.
97.
78.
87.
87.
91.
85.
67.
93.
92.
66.
86.
87.
95.
64.
81.
86.
92.
74.
88.
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Mean FL
Mean Wi ght

. 98
.33
17
. 48
.58
.18
. 58
.73
. 20
. 55
.90
.90
. 85
.50
. 75
.15
. 10
.35
.15
. 55

NPhPONOWONOWNOOWOOONNDON

84.4 cm
6. 88 kg

b. Femal es

Fork Length (cm Weight (kg)

90.
95.
96.
89.
91.
98.
88.
91.
89.
89.
95.
91.
88.
86.
90.
92.
95.

QUIUIOOOUITOUTOOUTO U1TO U100

Mean FL
Mean Wei ght

91.6 cm
9. 59 kg

|_\

= =

|_\
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Sust ut

. 23
.78
. 58
.78
. 65
. 35
.50
. 05
. 90
.90
.15
. 45
.15
. 10
. 85
.95
.70



Appendi x 5. Discharge in Johanson Creek and the upper Sustut River above
t he Johanson confluence (July 24'" — September 27'", 1993). Staff gauge
readi ngs were used as a neasure of fluctuations in discharge: readings of
wat er heights at the two systens are not conparabl e neasures of total

di scharge (ie. Johanson Creek has higher total discharge than the upper
Sustut River, despite | ower staff gauge readings).

—®— Johanson Creek

50

—t— Upper Sustut River

45

40
35
30
25
20 ¥ b

15 - -\

10 -+

Staff Gauge Readings (cm)

July/August/September 1993



Appendi x 6. Daily fluctuations of water tenperatures for a. Upper
Sustut River and b. Johanson Creek: tenperatures were taken at staff
gauges (see Figure 2, page 3). Mninmumtenperatures were represented by
tenperatures taken between 8:00 and 9: 00, and maxi num t enperatures were
recorded between 16:00 and 18: 00.
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Appendi x 7. Tests of underwater visibility at the Johanson/ Sust ut
junction. (A) Tinme underwater to identify and differentiate between solid
bl ack circle (dianmeter 7.5 cm and solid black square (7.5 cmx 7.5 cn) at
i ncreasi ng distances. (B) Tinme underwater to see Floy Tags on solid black
square (7.5 cmx 7.5 cm and identify their colour at increasing

di st ances.

A. Test for range of underwater shape recognition.

Mean tinme (sec) to recogni ze shape
at
I ncreasing Di stance ()

Li ght 4 m 5 m 6 m 7 m 9 m 11 m
cond.

Sun - 3.3 - 5.9 7.0 7.0
Shade - 3.4 - 20 ni * nv** -

ni* : Shape not identified or identified wong
nv**: not visible

B. Test for visibility of Floy Tags and col our identification under good
i ght conditions.

Mean tinme (sec) to recognize Fl oy Tags
at
I ncreasing Distance (m

Tag 4 m 5m 6 m 7 m 9 m 11 m
Col our
Yel | ow 2.3 3.0 nv* - - -
Orange 1.3 2.0 3.0 - - 6.8
G een 3.7ni ** nv* nv* - - -

Bl ue nv* nv* nv* - - -
No Tag 10.0 >10 >10 - - R

nv* : Tag not visible
ni **: Colour not identified or identified wong



