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ABSTRACT

Radi o tagging studies were carried out in the Skeena drainage in
order to nmore fully understand the life history of sumer run steel head
trout. During the fall of 1978, 24 steel head were radi o tagged on the
Morice River, 15 on the Kispiox R ver, 14 on the Suskwa R ver and 6 on
the Zynoetz River. In the Mrice River, tagged fish wi ntered throughout
the mai nstem Spawning |ocations were identified for 16 tagged fish, of
whi ch 9 spawned in side channels and 7 spawned in tributaries to the
Morice. Owen, CGosnell and Lanprey Creeks were identified as the nost
inportant tributaries, and sonme enhancenent opportunities were
identified. In the Suskwa River, tagged fish were found to winter in
the section between Km 6 and Km 14 al t hough some were found to w nter
in the |arger Bul kley River before entering the Suskwa during runoff
flows and spawning during |ate May and early June. Spawning sites were
identified for 9 tagged fish, of which 5 were in the Suskwa and 4 in
Harold Price Creek. Kispiox River fish were found to nove very little
during the fall and winter. Four of the 5 identified spawning sites
were in tributaries to the Kispiox and tagged fish spawned in the
mai nstem In the Zynoetz River, one tagged fish wintered beneath the
ice in McDonell Lake before spawning at the | ake outlet. Managenent and
enhancenent options as identified by the study are discussed.



| NTRODUCTI ON

Skeena River steel head trout (Salno gairdneri Ri chardson) are de-
clining in nunbers under increased pressure fromthe commercial, Indian
and sport fisheries as well as from habitat degradation (Chudyk and
Narver, MS. 1976). In order to take steps to conpensate for this
recent trend, it is inportant that the life history of summer steel head
in the Skeena be nore fully understood.

Adult steel head may spend up to 9 nonths in fresh water after
entering the Skeena (Pinsent and Chudyk, MS. 1973). Prol onged ice
cover followed by heavy spring runoff render nost Skeena tributaries
and their steel head popul ations, inpossible to nonitor and therefore
over—wai ntering and spawning information is often sketchy. Radio
telenetry studies were found to be ideally suited to overcone these
handi caps (Wnter 1976) and in the autumm of 1978, the B.C Fish and
Wldlife Branch began a program of radi o taggi ng summer steel head in
all of the major Skeena tributaries. The Kispiox, Mrice, Suskwa and
Zynoetz Rivers (Fig. 1) were selected as priority targets because of
i mm nent plans for enhancenent projects under the Sal nonid Enhancenent
Program (S.E. P.), and the fact that the steel head sport fisheries
within these rivers are declining.

A variety of previous studies have already been carried out on
these major tributaries. Aspects of the sport fishery as well as
anal ysis of age classes for Kispiox steel head have been descri bed by
VWhately (1977) and Taylor (MS. 1968). Inventory of the smal

tributaries to the Kispiox.



Fig.1l. Skeena River drainage study area (1979).



has outlined aspects of both juvenile and adult |ife histories (Chudyk
and Whately, MS. 1977, and Harding and Erickson, MS. 1973). On the
Morice, steelhead life history characteristics have been investigated
by Whately (1978) and nmany of the larger tributaries have been inven-
toried wth enphasis on juvenile information (Mirris and Eccles, MS.
1976, and Shepard and Algard, MS. 1977). The Suskwa Ri ver has been
investigated during prelimnary work for the S.E. P. project now under-
way (Chudyk, MS. 1978), again with enphasis on |ife history character-
istics and juvenile sanpling. Simlar surveys have been carried out for
the Zynoetz River (Chudyk, MS. 1979).

A previous radi o tagging project provided information on
st eel head novenents in the Skeena River fromthe estuary to their natal
streans (Lough, MS. 1978). The prinmary objective of this study was to
provide information on the novenents of steelhead within the 4
designated tributaries; their wintering behaviour as well as tine and

| ocation of spawni ng.

MATERI ALS AND METHODS

TELEMETRY EQUI PVENT

The frequency of telenetry equi pnent used in this study was 151
Megacycl es. This systemrequired a snaller antenna than | ower frequency
equi pnent, and therefore was nore adaptable to tracking fromaircraft,
boats and trucks. The radio tags and receivers were purchased from

Wldlife Materials Inc. (R R #2, Carbondale, IIlinois).



Two types of radio tags were used in this study, differing only
in size and life of the lithiumbattery. The larger type was cylin-
drical in shape, approximately 7.0 cmlong and 2.7 cmin dianmeter, with
an expected |ife of about 400 days. The smaller tags were also cylin-
drical, but were 5.75 cmlong and 1.8 cmin dianeter wth an expected
|ife of about 200 days. Both types of tags were two—stage subm niature
transmtters which emtted a pulsing signal at a rate set between 30
and 70 pul ses per mnute. They were supplied as a conpletely sel f—
contained unit encapsul ated in several |layers of dental acrylic, which
wat er proofed the unit. Renoval of a small external magnet activated the
tag, which was designed to be admnistered internally.

The portable tracking receivers used were tunable radios with a
manual channel sel ector which could be set to cover any of the five
frequencies used in this study. Each channel covered a 25 kil ocycle
band with a 5 kc. overlap between channels. The receivers were powered
by an external 12 volt snowrobile battery. Each receiver was equi pped
with a 3—el enment yagi antenna (9 deci bel gain) and headphone for the
oper at or.

A stationary scanner was designed to be installed sem —
permanently beside a streamto detect radi o—+tagged fish as they passed.
Four tributary scanners were used. One was set at the nouth of the
Morice River during COctober 1978. Two were | ocated on the Suskwa R ver
during the spring of 1979, with one at Km5, and the other at Km 15.
The fourth scanner was | ocated at Km 2 of the Zynoetz River from August

to Novenber, 1978.



The scanners were pre—set to scan the entire 100 kc. range which
covered the five frequencies of tags being used. The centres of the
various frequencies were spaced about 20 kc. apart in order to increase
di scrim nation. Each scanner unit was connected to a command print
Model 288 Rustrak recorder (Q@ulton Industries, Rhode Island) which
printed out the frequency on a tinme calibrated strip chart. The entire
systemwas linked to a three (9 db. gain), or an eight elenent yagi
antenna (140 db. gain) and was powered by a 12 volt snownobile battery.
The scanner stations were |ocated on the streans in such a way that
they covered shallowriffles, to ensure that the tagged fish produced

strong, clear signals as they passed (Fig. 2).

LI VE CAPTURE AND RADI O TAGE NG PROCEDURE

Angling was the nost productive nethod of live capture. A
conbi nation of lures and roe with a single hook was generally found to
be the nobst successful.

The steel head was exhausted by pl aying on hook and |ine. The
radio tag was pushed down the throat of the fish as far as possible
with a finger (Fig. 3) and a stainless steel rod was then used to set
the tag down into the stomach. A coating of household margarine on the
| arge 400 day tags allowed themto slip down the throat with ease.
After tagging, the fish was held in a recovery tube to ensure that it

was healthy at rel ease.



Fig. 2. o i Aut omat i c
scanni ng station overlooking the river.
Time and frequency of radi o—+tagged fish are recorded as
they nove past the station.

TRACKI NG PROCEDURE

Radi o tagged fish were identified by characteristic frequencies
and pul se rates. The portable tracking receivers were adapted for use
in trucks, boats (Fig. 4) and aircraft.

W found that best results in an aircraft were obtained fromtwo
portabl e receivers and operators. An antenna for each radi o was nounted

on the wing—strut of a Cessna 180 which was usually flown about 140

kni h



Fig. 3. Radi o

at an

altitude of

100 —200 m
(Fig. 5).

When
exact

| ocati ons of
fish were

needed, a

Bel | Jet
Ranger helicopter was used. The antenna was nounted between the skids

with a specially designed attachnment to the cargo hook.

RESULTS

LI VE CAPTURE AND RADI O TAGE NG

Morice River

A total of 24 steel head were radi o—+agged on the Mrice R ver.



Fig. 4. Tracking radio tagged fish on the Skeena. Portable
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the entire run. The first 14 fish were tagged during Cctober 1978, but
in order to increase the sanple size, an additional 10 steel head were

t agged during February and March 1979 (Table 1).

Suskwa R ver

Duri ng Septenber and October 1978, 14 steel head were radi o tagged

in the Suskwa River (Table 2). Tagging efforts were concentrated on the



Table 1. Steel head Radi o Tagging Data —Mrice River 1978—%9

Fi sh Wi ght Dat e Location of Taggi ng
No. (kg.) Sex Tagged (km on Mrice River)?!
1 5.9 M Oct. 11/78 73 km
2 3.6 M Cct. 11/78 73 km
3 4.5 M Oct. 11/78 73 km
4 4.1 F Oct. 12/78 71 km
5 5.5 M Cct. 12/78 70 km
6 5.5 M Oct. 12/78 70 km
7 4.1 F Oct. 13/78 53 km
8 6.8 M Oct. 13/78 36 km
9 4.1 F Oct. 17/78 3 km
10 4.1 F Oct. 18/78 0 km
11 3.6 F Oct. 25/78 28 km
12 4.1 F Oct. 25/78 28 km
13 5.5 M Cct. 25/78 28 km
14 5.0 F Oct. 26/78 31 km
15 3.0 F Feb. 21/79 75 km
16 3.6 F Feb. 21/79 75 km
17 5.5 M Feb. 21/79 75 km
18 4.5 F Apr. 13/79 36 km
19 5.0 F Apr. 13/79 35 km
20 7.3 F Apr. 13/79 32 km
21 5.5 M Apr. 13/79 32 km
22 5.9 M Apr. 13/ 79 32 km
23 3.2 M Apr. 14/79 23 km
24 5.9 M Apr. 14/79 11 km

Taggi ng | ocation taken to nearest river kiloneter as measured from Bul kl ey
Ri ver/ Morice River confluence (0 km to Mrice Lake outlet (88 km.



Table 2. Steel head Radi o0 Taggi ng Data —Suskwa Ri ver 1978-—%9

Fi sh Wi ght Dat e Locati on of Taggi ng
No. (kg.) Sex Tagged (km on Suskwa River)
25 4.5 F Sept. 7/78 1 km
26 4.1 F Sept. 9/78 0 km
27 6.4 F Sept. 9/78 0 km
28 5.5 F Sept. 10/78 0 km
29 6.4 M Sept. 10/78 0 km
30 5.5 F Sept. 10/78 0 km
31 5.9 F Sept. 11/78 0 km
32 6.4 M Sept. 12/78 9 km
33 5.5 F Sept. 12/78 11 km
34 4.1 F Sept. 13/78 14 km
35 4.5 F Sept. 13/78 14 km
36 4.1 F Sept. 13/78 14 km
37 3.6 F Sept. 14/78 16 km
38 4.5 F Cct . 6/ 78 11 km







Fig. 5. Strut—mounted antenna on fixed wing aircraft allows
tracking in inaccessible areas. Tagged fish beneath
the ice were nonitored throughout the wnter and
spri ng.

| oner 15 km of the river because angling produced few fish above
this point. Since an intensive sport fishery exists on the Bul kl ey
Ri ver at the nouth of the Suskwa, 6 steel head were radi otagged

here to determ ne whether or not they were Suskwa fish.

Ki spi ox River

Fifteen steel head were radi o tagged in the Kispiox River
during Septenber 1978 (Table 3). Al of these fish were tagged in
the lower 16 kmof the river where the bulk of the sport fishery
exi sts (Wiately, 1977).



Table 3. Steel head Radi o Taggi ng Data —Ki spi ox Ri ver 1978—+%9

Fi sh Wi ght Dat e Location of Taggi ng
No. (kg) Sex Tagged (km on Kispiox River)

39 5.4 M Sept. 12/78 15 km

40 4.5 M Sept. 19/78 17 km

41 4.1 F Sept. 19/78 8 km

42 4.5 M Sept. 20/ 78 6 km

43 4.1 F Sept. 20/78 6 km

44 5.0 M Sept. 20/78 4 km

45 9.5 M Sept. 21/78 6 km

46 4.1 F Sept. 21/78 7 km

47 4.5 F Sept. 21/78 5 km

48 5.4 F Sept. 21/78 6 km

49 5.4 F Sept. 21/78 5 km

50 4.5 F Sept. 25/78 8 km

51 5.4 F Sept. 25/78 6 km

52 2.6 M Sept. 25/78 6 km

53 8.1 F Sept. 25/78 5 km




Zynoetz River

Arelatively small prelimnary radi o tagging study was carried
out on the Zynoetz (Copper) River. Six steel head were radi o tagged
on August 23, 1978 in several |ocations between Km 32 and Km 40
(Tabl e 4). These fish represent the early portion of the Zynoetz

run (Chudyk, MS. 1979).

MOVEMENTS OF RADI O TAGGED FI SH

Tracking data for each fish was sunmarized in map form show ng
the dates that it was |located at various points on the river
(Appendi x). Interpretations were nade fromthese maps regarding the
seasonal novenents of the fish, watching for any general tendencies
whi ch could be applied to that stock of steel head. Several fish
were only nonitored a few tinmes before they were | ost, so maps were
not nmade for them because they provided little or no useful

i nf ormati on.

Morice River

O 24 steel head radi o tagged on the Mirice, 19 were nonitored
until spawning tinme, but exact spawning sites were found for only
fifteen of these because the rest were | ost periodically during
spawni ng ti ne.

Tagged fish dispersed throughout the Morice River during fal
and winter. The exception was the upper Mrice, fromthe |ake
outl et down to Gosnell Creek confluence, which was rarely utilized
by radio tagged fish. Three additional fish were |ater tagged here
to clarify this aspect. Snorkel surveys were carried out on the

upper Morice during



Table 4. Steel head Radi o Taggi ng Data —Zynoetz Ri ver 1978—%9

Fi sh Wei ght Dat e Location of Taggi ng
No. (kg.) Sex Tagged (km on Zynoetz River)?
54 3.0 F Aug. 23/78 34 km

55 4.0 F Aug. 23/78 34 km

56 3.2 M Aug. 23/78 34 km

57 8.2 M Aug. 23/78 34 km

58 7.3 F Aug. 23/78 38 km

59 5.6 M Aug. 23/78 32 Km

1Ri ver kiloneters nmeasured fromthe Zynoetz/ Skeena confl uence to
McDonnel | Lake.



April and May, to conpare with telenetry information. Results show
that an estinmated 30—40 steel head wintered in this upper 16 km of
the Morice; a small portion of the total run (Hatlevik and Lough,
MS. 1979).

In early Novenber 1978, heavy rains and nelting snows brought
the Morice to flood stage. A check on |ocations about one week after
peak flows showed that nost fish had not noved nore than a few km
frompreflood holding areas. Brush and trees that are usually high
and dry were inundated by flood waters, and the radi o tagged fish
wer e found hol di ng anongst the trees and brush, well out of the main
flows.

Morice fish were observed to have noved as little as 5 km and
as much as 72 kmduring the fall and winter. No fish were observed
wintering in tributaries to the Morice or in Mrice Lake.

Tagged fish were observed to nove upstream and downstream
t hroughout the fall and winter with no obvious pattern as to timng
or magni tude of novenments. During |ate April and early My, however,
nost of the fish began a steady upstream novenent which ended at
their spawning site. Only two of the fish that were tracked to their
spawni ng | ocation were observed to have any downstream novenent in
May before they spawned. One of these fish (#16) noved downstream
just before heading up a tributary to spawn. Two additional fish (#6
and #13) al so showed one downstream novenent in May, but it was not
clear if these fish spawned before or after this.

The upstream novenent appeared to begin as the mninumdaily
tenperature of the Morice mainstemincreased above 2°C (Fig. 6). O
13 fish still being nonitored during June, none displayed any
upstream novenent indicating that the fish had either spawned or had

arrived at their
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spawni ng site by June 1.

Ni ne of the 16 steel head spawning sites were in the Mrice
mai nstem between Km 26 and Km 80, and of these, 4 were found to
have spawned in side channels in braided sections of the
mai nstem Mbst of the side channel spawning (3 of 4 sites)
occurred on the Mrice R ver between Gosnell Creek and Oaen
Creek, an area that exhibits extensive braiding, and the fourth
occurred in a side channel 2 km downstream of the Nado Creek
confluence. These eight fish began |l eaving their spawning sites
on May 26, and the |last ones left after June 18.

Seven of the 16 | ocated spawning sites were found in
tributaries to the Morice River. Four fish spawned in Oaen
Creek, two in Gosnell Creek and one in Lanprey Creek. Al of
these fish wintered in the Mrice and entered the tributaries
between May 11 and June 10. Entry date is defined as the first
day the fish was found in the tributary, not necessarily the day
it actually entered.

During the course of the study, 9 steel head that were not
tagged were observed at their spawning sites (Fig. 7). One of
t hese spawned in the Morice mainstem 6 in side channels, and 2
spawned in tributaries (D. Bustard, pers. conm). The reason
nost of these fish were observed in the upper Mrice is because
of the relatively clear water conditions. Lack of visual
sightings further downstream does not indicate fish were not
spawni ng there, but only that turbid water conditions nade
vi sual observations difficult.

Limted tenperature and di scharge informati on was

avail abl e for
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these tributaries. Wien fish entered, the tributary tenperatures
were between 4°C and 9°C (Fig. 8). Six of the tributary spawners
entered the streans as the water tenperatures were increasing.
At this tinme, the tributaries were near peak flows from spring
freshet and 2 of the 3 that entered Lanprey and Gosnell did so
just after peak flows (Fig. 9).

In sonme cases, kelts were nonitored during their seaward
m gration. Steel head #20 (Appendi Xx) was | ast seen at its
spawning site in Oven Creek on June 7. It was tracked on its way
down Onen Creek on June 10, and again in the Bul kley River near
Smthers (120 km downstream on June 15, indicating an average

downstream m gration rate of 25 kmday for the previous 5 days.

Suskwa R ver

Ni ne of the 14 radi o tagged Suskwa steel head were
nonitored for 9 nonths, until they spawned. Two fish were | ost
inthe fall and three fish in the spring.

Most fish renmained active during the fall, but no
novenents were nmade upstream of the bridge at Km 16. One fish
(#37) was caught and tagged above this point but noved
downstream and was | ost.

Twel ve of the 14 tagged steel head were nonitored
t hroughout the winter. Six of these wintered in the Bul kl ey
Ri ver, of which 3 had previously been recorded in the Suskwa,
but had come back out for the wnter. These fish were found to
range as far as 12 km upstream and 2 km downstream of the Suskwa
confluence. Two of the 6 Bulkley fish did not nove into the

Suskwa to spawn.
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Six steelhead wintered in the Suskwa River; all of which remained in
t he canyon between Km 6 and Km 14. These fish noved very little during
the fall and winter. One fish (#33) was tagged at Km 9, and did not nove
nore than 100 mfor 6 nonths.

Data from scanning stations indicated that fish began noving into
the Suskwa during the first week of May, and continued to nove past the
bridge at Km 16 until the third week in May. Water |evel recordings show
that these fish noved as the water was dropping after spring freshet
(Fig. 10). Tenperature data indicated that the water tenperature was
clinbing, and fish noved when the Suskwa was between 2°C and 5°C (Fig.

11) .

Spawni ng sites were identified for 9 tagged fish (Fig. 12). Al of
t hese fish spawned upstream of Km 11 on the Suskwa. Five fish spawned in
t he Suskwa and four spawned in Harol d—Price Creek, which contributes nost
of the flow to the Suskwa. Six of the 9 fish spawned in side channel s,
and the remai nder (3) spawned in the mainstem of the Suskwa above Harol d—
Price Creek. Water tenperature at the tinme of spawning was 6°C. In
addi tion, an untagged steel head was observed spawning in a side channel
near Km 21 of the Suskwa on May 17. Water tenperature at that tine was
5°C.

A set of falls 21 kmup Harold—Price Creek is considered to be a
barrier to steel head. There is no indication that steel head nove this far
up the systemduring autumm, but these falls were approached by 3 radio
tagged fish in late May, during relatively high spring flows. None of
these fish got above the falls, and all spawned in Harold—Price bel ow the
falls. A fourth fish (#25) was observed as it approached the falls in

m d—May, but was never found again.
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Scanner data indicated that the downstream m gration of kelts
began May 30, and peaked around June 10. The |l ast tagged fish did not

| eave the systemuntil June 17.

Ki spi ox Ri ver

Fifteen fish were tagged in the Kispiox, but one fish (#30) was
killed in the Indian food fishery, six days after taggi ng. Spawni ng
sites were identified for only 5 of the remaining 14 fish. Two
additional fish were followed until spring tine, but spawning sites
were not identified. Six of the fish were lost in early fall; perhaps
as aresult of the extrene flood conditions in Novenber. Wnter (1976)
found that in flood conditions, steel head sonetines |eave the river and
do not return.

Al'l but two of the tagged fish spent the fall and wi nter
downstream of Km 35. One fish (#53) noved 70 km upstream where it
wintered. By late April and early May, the fish in the | ower Kispi ox
began to nove up to their spawning sites. Four of the 5 identified
spawning sites were in tributaries (Fig. 13). The first fish were found
in tributaries on May 16, and sone renmained in the tributaries until at
| east May 28.

Two fish spawned in the |lower 3 km of Nangeese Creek, in a
brai ded area with instream debris and jans. Another tagged fish spawned
in the lower 2 kmof Ironside Creek; again in a section with braiding
and plenty of instreamdebris. One steel head spawned in | ower Skunsnat
Creek, between the road culvert and the Kispiox mai nstem Steel head #47
was never actually tracked in Murder Creek, but it was found at the
Mur der Creek/ Ki spi ox confluence for several days. | suspect this fish

entered Murder Creek to
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spawn and cane back out immediately. Wnter (1976) found that
t hi s behavi our was not unusual with steel head. Only one fish was
found to spawn in the mainstem Ki spi ox (Km 27).

Tagged fish began | eaving the systemin |late May, and the
| ast fish was found on May 28. One kelt was tracked on its’
seaward mgration on May 28 in the Skeena, 10 km downstream of

t he Ki spi ox.

Zynoet z River

Si x steel head were tagged on the Zynoetz, of which 3 were
nonitored until spring tinme. Spawning |locations were identified
for only 2 of these (Fig. 14).

Two fish were lost during the fall; probably due to extrene
fl ooding conditions during the first week of Novenber. Water
| evel s in sonme of the | ower canyons rose 21lmvertical during
peak flows. Stationary scanner data fromthe | ower Zynoetz
showed that they did not | eave before Novenber but fl oods
destroyed the scanner, elimnating any data records during and

after the flood event.

One tagged steel head was found wintering beneath the ice in
McDonel | Lake, at the headwaters of the Zynoetz. This fish was
tracked in the east end of the lake, 0.5 kmfromthe | ake
outlet. By March 19, it had noved out of the | ake and back into
the river, just upstreamof the Serb Creek confluence. It
spawned in that area in late May, and | eft between May 25 and
June 7. One other tagged steel head spawned in this area, but it
wi ntered in the canyon above Red Canyon Creek confluence. The
third tagged fish was |ast nonitored just bel ow Red Canyon
Creek, but was |ost just
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before spawning tinme. Red Canyon Creek was never flown, but |
suspect this fish may have spawned there because the rest of the

Zynoet z headwaters were flown several times with no results.

DI SCUSSI ON

Not all fish captured by angling were radi o tagged. Many of
the steel head were too small to be tagged, and sone fish were
fatally hooked during capture. On the Mdrice River, a total of 136
st eel head were captured, of which 5 were killed. The Suskwa and
Ki spiox Rivers both had a total of 19 fish captured, and each had
one fatality. Six steel head were captured and tagged on the
Zynoetz River, with no hooking nortality (Table 5).

Radi o tagged fish were identified through characteristic
frequenci es and pul se rates. Fish with the nost uni que
conbi nati ons were the ones nost easily identified, but in a few
cases, transmtters were found to be simlar in these respects. In
this situation, the fish were nonitored as usual, but it was
difficult to differentiate the 2 fish with simlar signals, and
hence their tagging sites.

Field data fromradi o tracking have been summarized for
each fish on individual maps, indicating the dates it was found at
various | ocations (Appendix). Inspection of these naps show t hat
there is nore data for some fish than for others. This is due to
the accessibility of the stream those near a road were nonitored
nore often than those which could only be nonitored by aircraft.
Thi s project however, was not geared to a study of daily novenents

of fish, but rather to seasonal novenents w th hopes of



Tabl e 5. Hooking nortality of steel head trout during capture by angling with single hook
on sport gear. Autum, Wnter, 1978—79.

Nunber Capt ured Hooki ng Radi o
Ri ver by angling nortality (% tagged (%
Mori ce 136 5(3.7) 24 (17.6)
Suskwa 19 1 (6.0) 14 (73.6)
Ki spi ox 19 1 (6.0) 15 (78.9)
Zynoet z 6 0 (0) 6 (100)
Tot al s: 181 7 (3.9) 59 (32.6)



finding general tendencies to be applied to steel head of that river.

Data on spawni ng | ocati ons were nore conplete for sone fish than
for others, and | occasionally had to nake a judgenent about spawning
| ocati ons on what appeared to be inconplete data. In this study, I
identified the spawning site through a conbinati on of severa
factors. If a fish was | ocated after an upstream novenent in May, in
sui t abl e spawni ng habitat and water tenperature as outlined in “The
Probability of Use Criteria for Sal nonidae” (Bovee, 1978), then it
was considered to have spawned at that site. An exanple of this is
steel head #12 on the Mrrice R ver (Appendix). Although this fish was
only found in Omen Creek once, it was |located at a site that had
substrate and flows suitable for spawning. In addition, this was
found to be the upstreamlimt of its novenents during May, and the
water tenperature was within the limts for spawming at 9°C. |
therefore concluded that this fish spawned at this |ocation

Results of this study indicate that it is difficult to nmake

general i zations which apply to all tributaries in the Skeena.
Steel head in various rivers appear to have evolved a |life strategy
that is suitable to the characteristics of that system For this

reason, results fromeach river will be exam ned individually.

Morice River

St eel head begin to appear in the Mirrice during m d-August, but
continue to enter during the fall, dispersing throughout the |ength
of the mai nstem (Whately, 1978). Telenetry data indicates that these

fish remain



active throughout the fall, within a range that appears to vary in
size fromfish to fish. This should be consi dered when
interpreting popul ation estimates for steel head because a fish may
be counted several tinmes when noving past one point (i.e., the

Al can Al um num Conpany’s fish counting platformat Km 33).

After freeze—dp, the only section of river to remain open was
the 16 kiloneters directly below the | ake outlet. Steel head were
found to winter throughout the entire I ength of the mainstem but
only a small percentage were found to utilize this upper portion.
Snor kel survey estimates indicate a wintering popul ati on of not
nore than 40 steel head for this upper section. It is possible that
some of the fish fromthis area noved into Mirice Lake to winter
al t hough this has not been docunented. Steel head destined to spawn
in the Nani ka River nust go through Mrice Lake, but it is unclear
if these fish hold in the lake for the entire winter, or if they
winter in the river. No steel head were found to winter in the
tributaries; probably because of the hazards caused by | ow or
intermttent winter flows. Those that spawned in the tributaries
were found to winter in the nmainstemeither upstream or downstream
of their spawning tributary.

St eel head started to nove upstreamto their eventual spawning
| ocations in late April and early May. By m d—May, sone fish were
found hol di ng near the nmouths of tributaries such as Omen, Gosnel
and Lanprey Creeks. This coincides wth spring freshet, and at
this time tributary flows were peaking. Steel head entered during
hi gh water, usually as |levels began to drop, which allowed the

fish to handl e obstacl es which



could be a barrier at | ow water. Beaver dans, |og janms or culverts
can often be form dabl e obstacles during |low flows, but at high
wat er nmany of these can be negotiated by upstream m grants. Fish
were found to enter the tributaries when water tenperatures were
between 4°C and 9°C, and increasing. In 1979, this was between My
11 and June 10.

Spawning in tributaries occurred frommd—-My to m d—June,
al though it appeared to peak between the | ast week of May and the
first week of June. CGosnell Creek was col der than Oanen and Lanprey
Creeks (nmore glacial in origin) and as a result spawning seened to
occur towards m d—June.

Spawni ng in the Mrice mainstem and si de channel s occurred
nostly in the section between Gosnell Creek and Onen Creek. These
fish began |l eaving their spawning sites on May 26, and the | ast
ones left after June 18. Wnter (1976) found that fenal e steel head
from Lake Superior remai ned near their redds for an average of 3.1
days after spawni ng, while Everest (1973) found that Rogue Ri ver
femal es stayed near the redds for 4 to 7 days. Information is
| acking for males, but Everest found that it is |onger than the
femal es. This information indicates that spawni ng probably started
around the third week in May and may have conti nued until m d—June.
Daily water tenperatures for that time would therefore have been
bet ween 4°C and 7°C (Fig. 6), a slightly wider range than the 5.5°C
to 6.5°C derived fromvisual spawni ng observati ons of Pinsent and
Chudyk (M S. 1973). It seens that cooler tenperatures in the
mai nstem Mori ce once again delay spawning slightly because the | ast
two fish found in the entire Mrice drainage were still holding in

a side channel on June 18.



St eel head spawned t hroughout the Morice system Although the
furthest downstream spawning site | ocated was near Houston Tonmy
Creek (Fig. 7), | suspect at |east one tagged fish (#3) spawned in
the Bul kl ey Ri ver above the Mrice confluence. This w dely
di stributed spawning clarifies one aspect of previous juvenile
sanpl i ng throughout the system Shepard and Algard (MS. 1977)
found juvenile rainbow of all age classes rearing in tributaries
and side channels of the Mrice. Al though this information suggests
that these areas were utilized for spawing, it was generally
bel i eved that nobst spawning occurred in the upper Morice nainstem
near the | ake outlet.

O the 16 radio tagged fish foll owed during the spawni ng
period, 7 spawned in Mirice tributaries including 4 in Oanen Creek
2 1in atributary of Gosnell Creek and 1 in upper Lanprey Creek. The
remai ning 9 spawned in the Mrice River, including 4 nmainchanne
spawners, 4 side channel spawners, and 1 indistinguishable which
coul d have spawned either in a side channel or the Mrice River
mai nstem (Fig. 15).

Several managenent inplications can be derived fromthese
findings. Priorities as outlined by the Sal nonid Enhancenent
Program (S.E. P.) have indicated that the first step in enhancenent
is to reduce declines in steel head stocks where possible. Habitat
degradation i s one nechani sm which can be mani pul ated to a certain
degree. Specifically, results fromthis and other studies show that
the critical spawning and rearing habitats are the tributaries and
side channels of the Morice. Onen, CGosnell and Lanprey Creeks are
the nost inportant tributaries in the system and all have

extensi ve road construction and/or | oggi ng proposed over the next



Fig. 15. Morice River side channel. Spawning site for
t agged steel head was | ocated in the channel at
the left of the picture.
several years. These systens nust be protected with vigor, with
enphasi s placed on mai ntenance of spawning gravel (water quality
during di sturbance of the drainage) and adequate precautions to
ensure upstream or downstream m gration of adults and juveniles
t hroughout the year.

Anot her threat to steel head on the Morice is the proposed
Kemano |1 developnment. If |ower flows reduce the side channel
habi t at between Gosnell and Onen Creek a maj or spawni ng and
rearing area for the Morice will be seriously affected.

In the future, it may be necessary to obtain adult brood
stock for a variety of enhancenent techniques. There are two

opportunities for



obtaining gravid adults. One is to angle in the mainstem Morice
before the river becones too nuddy (in 1979, this happened on
April 25). The other is to angle in the designated tributaries in
m d—May; after they clear, but before steel head spawn in | ate Muy.
Capture of adults with an upstream fence and trap woul d be
difficult because fish enter the tributaries during high water
| evel s, and tenporary structures would be a problemto operate.
Wnters (1976) suggests that steel head can be induced to
establish a new population in a streamfollow ng renoval of a
barrier. Cox Creek, a tributary of Gosnell Creek has a set of
falls which are apparently inpassable, but telemetry results show
that steel head spawn in this tributary below the falls. Renoval of
this barrier appears to be an attractive enhancenent opportunity,

and deserves cl oser inspection.

Suskwa Ri ver

St eel head began to nove into the Suskwa by m d-August and
continued to enter throughout the fall. It is possible that the
earliest fish to enter, noved directly to the upper reaches of the
system but no evidence was found to support this. Steel head
tagged in the lower 16 kmof the river during early Septenber did
not conti nue upstream but instead renai ned downstreamfor the
duration of the fall and winter. All of the tagged fish that
wintered in the Suskwa utilized the area between Km 6 and Km 14,
which is largely conposed of canyon—type water w th extensive rock

out croppi ngs and deep pools. During the winter freeze, the Suskwa



flows are substantially reduced, and other sections of the river do
not have as nuch deep water for wntering. One fish noved downstream
and wintered in the Bul kley River before returning to spawn in the
spring.

Four of the 6 steel head tagged off the nmouth of the Suskwa
proved to be Suskwa fish. Although they wintered in the Bul kl ey, they
wer e observed to enter the Suskwa briefly during the fall before
droppi ng back to the Bulkley River. Wnters (1976) al so found that
steel head may enter a river, but |eave the systemand return again
during nore favourable flow conditions, such as spring freshet.

This informati on nay be useful as a basis for an additional
managenent tool for the Suskwa. As previously nentioned, a
substantial sport fishery exists at the nouth of the Suskwa Ri ver
during the fall. Telenetry results indicated that 4 of the 6
steel head tagged in this fishery were Suskwa R ver fish. Current
regulations allowa 1 and 2 Iimt for these fish, with no bait
restrictions. This is in contrast to the Suskwa Ri ver regul ations
which allow for only a 1 and 1 limt with a roe ban. The rational e
behi nd the Suskwa regulations is to reduce the harvest of Suskwa
steel head in order to allow depleted stocks to recover, but it now
appears that much (if not nost) of the Suskwa steel head harvest
occurs during the fall fishery at the nmouth. If it appears that an
additional relief fromharvest pressure is required, | recommend that
Suskwa Ri ver regul ations be extended to include the Bulkley River for
at |east 5 km upstream and downstream of the Suskwa confl uence.

By late April and early May, the upstream nove to the spawni ng

sites



had started. This coincided with high water and increasing water
tenperatures during spring runoff. The fish were found to nove
upstream when water tenperatures were between 2°C and 5°C.

Al'l of the 9 spawning sites identified were in the Suskwa (5)
and Harol d—Price Creek (4). Six of the 9 fish spawned in side
channels and the remaining 3 fish spawned in the nain channel of
Suskwa or Harold-Price (Fig. 16). These results differ fromthose in
other rivers such as the Morice mainly because no fish were found to
spawn in the mnor tributaries of the system This is probably due to
the fact that the Suskwa R ver for the nost part runs through a V—
notch type valley, and tributaries clinb rapidly fromthe flood plain
| eaving only | ower reaches accessible to fish. It is possible that
sone steel head may utilize these | ower reaches of small creeks for
spawni ng, but nove quickly in and out of them Natlan Creek differs
fromnost tributaries because it seens to offer good spawni ng and
rearing habitat for steel head. Although no tagged fish entered
Natlan, it is difficult to believe that this systemis not utilized.

Three radi o tagged steel head were observed to approach the
Harol d-Price falls during May. Recent surveys after the blasting of
the falls (Chudyk, MS. 1979) have shown that coho salnon are able to
get above them It nust be noted that coho sal non ascend the falls
during relatively low flows in the autum, and whether steel head can
do the sane at high flows during runoff, remains to be seen
Addi tional telenetry work may be required in the future to determ ne
if nore work is needed on the falls, since renoval of this barrier is

crucial to colonization of the upper Harol d—rice.



Fig. 16. An exanpl e of spawning habitat in the Suskwa
Ri ver. A radio tagged steel head was observed
spawning in the side channel at the left of the
pi cture.

Ki spi ox Ri ver

The first steel head appear in the Kispiox during m d—
August, but continue to enter throughout the fall (Whately,
1977). Steel head were radio tagged on the lower Kispiox in late
Sept enber, when the sport fishery there was in full sw ng.

I nformati on was required about the novenents of steel head in
this part of the Kispiox throughout the sport fishing season
(August 15 to Novenber 30). Rather than continuing their
upstream mi gration, nost of these fish were found to remain in
the | ower Kispiox throughout the fall and wnter. Fromthis, it

appears that anglers are fishing the sane



group of fish repeatedly throughout the season, rather than fishing
them as they go by on their way upstream This evidence is
supported by the fact that 3 tagged fish were recaptured during the
season; of which 2 were released and one was killed. In terns of

st eel head managenent, this is sound evidence that the current catch
and rel ease regul ations on the Kispiox during Septenber are not
only justified, but nost likely crucial to the current status of
those steel head and the Kispiox sportfishery.

By late April and early May, the fish began to nove to their
spawni ng areas. Four of the 5 identified spawning sites were in
tributaries to the Kispiox. Fish entered their spawning tributaries
inmd to |late May, once again as tenperatures began to increase,
and flows started to drop after spring runoff. This is slightly
earlier than higher systens because the earlier runoff at |ow
el evati on advances the flow patterns of the Kispiox. Two fish were
found to have spawned in the |lower 3 km of Nangese Creek and one
fish spawned in the lower 2 kmof Ironside Creek (Fig. 17). One
st eel head spawned i n Skunsnat Creek, downstream of the road
culvert, and an additional fish is suspected to have spawned in
Mur der Creek.

These tributaries have all been previously found to have
either juvenile or adult steel head popul ati ons (Chudyk and Whately,
MS. 1977 and Harding and Erikson, MS. 1973), so it was not
surprising to find tagged fish spawning in them No tagged
steel head were found in upper Kispiox tributaries such as Stephens,
Club or WIllians Creek; areas where nost of the Kispiox run was

consi dered to spawn (Pinsent and Chudyk, M S. 1973).



Fig. 17.1ronside Creek, a tributary to the Kispiox River, was
one of the tributaries utilized by radio tagged
steel head for spawni ng.

Steel head first noved into the Kispiox in m d-August, but the
fish were not radio tagged until |ate Septenber, indicating that
the earlier fish may not have been tagged. Everest (1973) found
that the tinme of entry and seasonal positioning of steelhead is
| argely hereditary, and that the earliest fish to enter tend to
| ocate furthest up the river. If this is the case on the Kispiox,
it islikely that the early part of the run noves through the | ower
Ki spi ox and spends the fall and winter in the upper Kispiox, and
are likely the fish that spawn in the upper tributaries. This would
hel p explain why no tagged fish were found to spawn in the upper
river even though a spawni ng popul ation is known to exist there

(M Whately, pers. comm).



| f present studies support this, there are potential
managenent inplications for upcomng S.E. P. projects, specifically
in the choice of tributaries to be enhanced. It appears that fish
whi ch spawn in the | ower Kispiox tributaries are the ones that
receive the brunt of the sportfishing pressure. Sem —Ratura
enhancenent of parent stock for a variety of potential projects
should originate fromthese |lower tributaries since these are the
fish that seemto provide the greatest fishery benefits to the
sport angl er.

There is little mai nstem spawni ng on the Ki spiox even though
suitabl e substrate exists throughout the |ower river. One aspect
that is apparent at all spawning sites is the availability of
near by cover for spawning fish, and consequently for rearing
juveniles. Much of the | ower Kispiox has been cleared to the edge
of the river, and natural cover is now |l acking or absent. It nay
be difficult to hold any artificial cover structure in the
mai nstem of a highly fluctuating river like the Kispiox, but it
may be worthwhile to do so in side channels with hopes of

provi ding cover for adult spawners as well as the resulting fry.

Zynoetz River

Al t hough steel head begin to enter the Zynoetz by m d—uly,
the first major run does not usually occur until the third or
fourth week of August, with fish continuing to enter through the
fall (Chydyk, MS. 1979). Steel head were tagged on August 23,
during the first part of the Zynoetz run. During the fall,
however, one tagged fish was recaptured and killed, and an

additional 2 fish were lost after the extrene fl ooding



in early Novenber. Peak flows during the flood were incredible
and it is possible that these fish were killed, but previous
studies (Wnter, 1976) show that steel head may | eave the system
and eventually spawn in another river with nore favourabl e

fl ows, such as the nearby Kalum Ri ver.

One tagged fish was found to have noved into MDonell Lake
and remain there throughout the wi nter. Subsequent information
(L. ONeill, pers. comm) indicates that these fish are
extrenely vul nerable to sportfishing in the |ake, but fishing
pressure is presently | ow and does not seemto warrant i mredi ate
changes in regulations to protect these fish. Steel head angling
pressure on the | ake may i ncrease however, and closure of this
fishery should be considered as added protection to these upper
river fish to ensure an adequate spawni ng stock

Al t hough | suspect one fish spawned in Red Canyon Creek,
the only sites positively identified were at the outlet of
McDonel | Lake, above the Serb Creek confluence. This section has
been previously identified as a maj or spawni ng area (Hunphreys
and Morely, MS. 1978) and underlines the inportance of
mai ntaining or inproving it with projects such as the Serb Creek
stabilization and gravel inprovenent which are currently in

progr ess.



SUMVARY AND CONCLUSI ONS

24 steelhead were radio tagged on the Mrice R ver, 15 on

the Kispiox Rver, 14 on the Suskwa R ver, and 6 on the

Zynoet z River.

All fish were live captured by angling with an average

hooki ng nortality of 3.9%

Morice River

—tagged fish remained active during the fall, noving both
upstream and downstreamwi thin a range that seens to vary in

size fromfish to fish.

—steel head wi ntered throughout the Morice River, but only a
smal |l percentage wutilized the 16 km below Mrice Lake
outlet. Spawning locations were identified for 16 tagged
fish. O these, 7 spawned in Morice tributaries, and 9

spawned in the mainstemand its side channels.

- the steelhead that spawned in Mrice tributaries were
found to have wintered in the minstem and entered the
tributaries between May 11 and June 10 when fl ows were high,

and water tenperatures were between 4°C and 9°C.

—tagged fish spawned in the Mrice R ver nmainstem when

wat er tenperatures were between 4°C and 7°C.



— Owen, Gosnell and Lanprey Creeks are the nobst inportant
tributaries in the Mrice, and all have extensive road
construction and/or | oggi ng proposed over the next several
years. During devel opnent, enphasis nust be placed on

mai nt enance of water quality and adequate precautions to ensure
upstream or downstream m gration of adults and juveniles

t hroughout the year.

—if the proposed Kenano |1 devel opnent reduces the flows and
si de channel habitat between Gosnell Creek and Onen Creek, a

maj or steel head spawning and rearing area will be reduced.

—there are two opportunities for obtaining gravid adults for
brood stocks in the Morice. One is to angle the mai nstem before
the river becones too nuddy in the spring, the other is to

angl e the designated tributaries in m d—May.

—renoval of the falls on Cox Creek appears to be an attractive

enhancenent opportunity and deserves nore study.

4. Suskwa R ver

—t agged steel head in the Suskwa renmained in the |ower 16 km

during fall and w nter.

—all of the tagged fish that wintered in the Suskwa utilized
the area between 6 kmand 14 km One fish was found to | eave
the Suskwa and winter in the Bulkley River before returning to

spawn in the spring.



—Four of the 6 steel head tagged in the Bul kley at the nouth of
t he Suskwa proved to be Suskwa River fish. These fish w ntered
in the |arger Bul kley River before noving into the Suskwa to

spawn in the spring.

—Suskwa Ri ver regul ations shoul d be extended to include the
Bul kl ey River for at |east 5 km upstream and downstream of the

Suskwa R ver confl uence.

—spawni ng sites were identified for 9 steel head, 5 of which

were in the Suskwa and 4 in Harol d—Price Creek.

—additional radio tagging nay be required to determne if
steel head are able to get above the Harold—Price falls during

high flows in the spring.

Ki spi ox Ri ver

—+ish tagged in the lower Kispiox remained in the | ower river
t hroughout the fall, which is evidence to support the current

catch and rel ease regul ati ons on the Kispi ox.

—four of the 5 identified spawming sites were in tributaries

to the Kispiox.

—+two fish were found to spawn in | ower Nangese Creek, one in
| ower Ironside Creek and one in Skunsnat Creek. An additi onal

fish is suspected to have spawned in Mirder Creek



—instream i nprovenent of side channels, possibly in
conjunction with incubation boxes, appears to be one

enhancenent opportunity for the Kispiox mainstem

Zynoetz River

—spawning sites were identified for 2 tagged fish which
were both found to have spawned between the Serb confl uence

and McDonel | Lake.

—one tagged fish was found to have noved i nto MDonel
Lake, and remain there throughout the wi nter before

spawni ng in the | ake outlet.
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APPENDI X



MORI CE Rl VER

The follow ng charts indicate the dates that each fish was

| ocated at various points on the Mirice R ver. For the sake of

clarity, the nanmes of |ocations have been omtted fromthese

charts, but may be found in Figure 7.
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Appendi X.

Locati on and dates for tagging and tracking steel head no. 1.
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Appendi x. Location and dates for taggi ng and tracki ng steel head no. 2.
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Appendi x. Location and dates for taggi ng and tracki ng steel head no. 3.
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Appendi x. Location and dates for taggi ng and tracking steel head no. 4.
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Appendi x. Location and dates for tagging and tracki ng steel head no. 5.
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Appendi x. Location and dates for tagging and tracki ng steel head no. 6.




(0 Spawning location

¥« Tagging site

N

Oct.

7

13

Jun. 7

0 4 8 12 km.
| N N E— ] .

May ‘27

S

Appendi x. Location and dates for tagging and tracki ng steel head no. 7.
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Appendi x. Location and dates for tagging and tracki ng steel head no. 8.
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Appendi x. Location and dates for tagging and tracki ng steel head no.9.
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Appendi x. Location and dates for taggi ng and tracking ét eel head no. 10.
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Appendi x. Location and dates for tagging and tracki ng steel head no. 11

/ﬂ Spawning location , \

> = Tagging site
[
Feb. 13
N Mar. 24
Apr. 23
Apr. 11 Apr. 30
Apr. 26 ,
~ Oct. 25
Jan. 14 ' Oct. 26
Jan. 31 Dec. 6
Nov. 8
Nov. 21
May 11 Nov. 28
May 12 o * | May 3
May 30 |
II 0 4 8 12km.

N

Appendi x. Location and dates for tagging and tracking steel head no. 12.
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Appendi x. Location and dates for tagging and tracking steel head no. 13.
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Appendi x. Location and dates for tagging and tracking steel head no. 14.
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Appendi x. Location and dates for tagging and tracking steel head no. 15.
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Appendi x

. Location and dates for taggi ng and tracki ng steel head no. 16.
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Appendi x. Location and dates for tagging and tracking steel head no. 17.
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Appendi x. Location and dates for tagging and tracking steel head no. 18.
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Appendi x. Location and dates for tagging and tracking steel head no. 19.
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Appendi x. Location and dates for tagging and tracking steel head no. 20.
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Appendi x. Location and dates for tagging and tracking steel head no. 21.
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Appendi x. Location and dates for tagging and tracking steel head no. 22.
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Appendi x. Location and dates for tagging and tracki ng steel head no. 23.
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Appendi x. Location and dates for tagging and tracking steel head no. 24.




SUSKWA RI VER

The follow ng charts indicate novenents of those fish with the
best tracking data on the Suskwa River. Dates that each fish was
| ocated at various points on the river are indicated. Nanmes of

tributaries have been omtted, but nmay be found in Figure 12.
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Appendi X.

Location and dates for tagging and tracking steel head No. 25.
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Appendi x. Location and dates for tagging and tracking steel head No. 26.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 27.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 28.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 29.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 30.
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Appendi X.

Locati on and

dates for tagging and tracking steel head No. 31.

Sep. 12
Sep. 18

Mar. 1]

May 9

G Spawning location

* Tagging site

\

N

May
May
May
May
May
May
May
May

10
17
19
20
21
22
24
31

ro

10 km. 4/)
']

Appendi X.

Location and dates for tagging and tracki ng steel head No. 32.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 33.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 34.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 35.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 36.
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Appendi x. Location and dates for taggi ng and tracki ng steel head No. 37.
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Appendi x. Location and dates for tagging and tracki ng steel head No. 38.




Kl SPI OX RI VER

The followi ng charts indicate novenents of those fish with the
best tracking data on the Kispiox River. Dates that each fish was
| ocated at various points on the river are indicated. Nanmes of

tributaries have been omtted, but may be found in Figure 13.
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Appendi x. Location and dates for tagging and tracking steel head No. 39.
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Appendi x. Location and dates for tagging and tracking steel head No. 40.
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Appendi X.

Location and dates for tagging and tracking steel head No. 41.
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Appendi X.

Location and dates for tagging and tracking steel head No. 43.



0 10 km,
e

o Spawning location

b Tagging site

Appendi x. Location and dates for tagging and tracking steel head No. 45.
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Appendi x. Location and dates for tagging and tracking steel head No. 47.
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Appendi x. Location and dates for tagging and tracking steel head No. 49.
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Appendi x. Location and dates for taggi ng and tracking steel head No.50.
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Appendi x. Location and dates for tagging and tracking steel head No.53.




ZYMOETZ Rl VER

The followi ng charts indicate novenents of those fish with the
best tracking data on the Zynoetz River. Dates that each fish was
| ocated at various points on the river are indicated. Nanmes of

tributaries have been omtted, but nmay be found in Figure 14.
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Appendi x. Location and dates for tagging and tracking steel head no.55 or 56.
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Appendi x. Location and dates for tagging and tracking steel head no.55 or 56.
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Appendi x. Location and dates for tagging and tracking steel head no.54, 57, 58 or 59.



