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SUMMARY 

l. Fraser River is the largest producer of sockeye salmon in the world. Sockeye salmon 
presently constitute half of the total Fraser River salmon catch. 

2. The Hell 's Gate blockage in 191 3 decimated the upper Fraser sockeye stocks which 
comprise the majority of the River's sockeye population. Since then, remedial work on 
fish passage faci lities in the Fraser Canyon, and fishery management actions have allowed 
these stocks to rebuild. 

3. Sockeye eggs are deposited in stream gravel during fall, and fry emerge the fOllowing 
spring. Ju venile sockeye rear in freshwater for about one year and migrate to salt water in 
their second year of life. They subsequently rear in the ocean for about two plus years 
before returning primarily as four year olds, to spawn in the Fraser River system. 

4. Since most sockeye adults, especially from the upper Fraser, mature at four years of age, 
many of these stocks demonstrate a pattern of cycl ic abundance where the dominant year 
is generally followed by three years of lower returns. Through 1913, the major upper 
Fraser River sockeye stocks were dominant on the 191 3-1993 cycle line. After their 
rebuilding, the dominant cycle line has developed differentl y for the different stocks. 

5. Approximately LOO sockeye stocks spawn throughout the Fraser River watershed, but the 
majority of Fraser sockeye are concentrated in nine stock groups, with the Quesnel, the 
lower Adams and the Chilko Lake stock groups being the largest. 

6. Fraser Ri ver sockeye are harvested in both the Canadian and United States fi sheries. 
Since 1986, the Fraser River Panel of the Paci fic Salmon Commission has directed the 
fi shery management strategies within Panel waters for international conservation and 
equitable harvest sharing of the Fraser Ri ver sockeye stocks. Annual fishing plans are 
governed by escapement goals and allocation requirements. 

7. In the 1990-1993 period, an annual average of 11 million of Fraser River sockeye have 
been harvested in all fi sheries, with 18% of this total taken in the U.S. fi sheries. Since 
1980, the majority of the Canadian catch of Fraser sockeye has been taken in the 
Johnstone Strait - Sab ine Channel fishe ry, fo llowed by the Juan de Fuca Strait, Strait of 
Georgia (this includes the Fraser Ri ver catch), and WCVI fi sheries; with lesser catches 
taken in the North Coast fishery. Nati ve catches of Fraser sockeye can be signifi cant, 
while the sport catches are relatively minor. 

8. Fraser sockeye stocks have been rebuilding steadily in the last several decades. Total 
returns on each cycle line have increased from approximately 5 million in the early 
I 960s, to over 15 million on each of the two dominant cycle lines (1993 and 1994) in the 
late 1980s. Sockeye escapements have also increased, espec iall y on the 1993 and 1994 
cycle lines. 

9. Many of the Fraser sockeye stocks have shown increases in abundance on non-dominant 
cycle lines, suggesting that cyclic dominance is modifying. This factor, combined with the 
increasing trend in total returns, strongly suggests that a potential exists to increase the 
total annual average returns of Fraser River sockeye to hi storical levels of 15 - 20 million 
adu lts or more. 
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1.0 OVERVIEW 
The Fraser River is the largest producer of sockeye salmon in the world (Northcote and 

Larkin 1989) and has been the mainstay of the British Columbia fishing industry since 1830 
(Roos 1991). Annual abundance of Fraser sockeye has increased from less than 6 million in 
the mid-1950s to over 14 million in the early 1990s (Fig. I), and many of the stocks are 
believed to have a further potenti al for growth. Today, the Fraser River sockeye stocks 
contribute about 50% to the annual Fraser River salmon catch (Birtwell et a1. 1987). 

16r---------------------------------------, 

14 

12 .. 
~ 10 

I 8 
~ 

J!. 6 
ci 
z 4 

2 

o 
54·57 56-61 62·65 66·69 70-73 74·77 78-81 82-85 86-89 90-93 

Years 

Fig. 1. Four year averages of total run size of Fraser River 
sockeye salmon stocks, 1954-1993. 

Upper Fraser Ri ver 
sockeye generally mature 
at 4 years of age, and 
many of these stocks 
demonstrate a pattern of 
cyclic abundance where 
the dominant year is 
fo llowed by two or three 
years of much lower 
abundance. Gi lhousen 
(1992) estimated that 
prior to 191 3, the total 
abundance on the 1901-
1913 cycle line was in 

the order of 37 million sockeye adu lts, with the commerc ial catch of about 20-32 mi llion 
pieces. The Hell's Gate blockage in 19 13, decimated upper Fraser stocks by preventing 
upstream passage of adu lt fish. Since then, remedial work to reopen the river to sa lmon 
migration, particularly in the Fraser Canyon at Hell's Gate canyon, and management actions 
to reduce overfi shing, have allowed the stocks to rebuild from a low total annual return of 
about 1.5 million (19 18- 1927) to about 16 million ( 1990- 1993, Table I). 

Table I. Total run size, total catch and percent of total catch taken by the United States , 
Fraser River sockeye stocks, 1990 - 1993. 

YEAR TOTAL RUN SIZE TOTAL CATCH % U.S. CATCH 

1990 22,006,000 14,866,000 16% 

199 1 12,291 ,000 8,094,000 23% 

1992 6,426,000 4, 169,000 17% 

1993 24,366,000 17,964,000 16% 

AVERAGE 16,272,000 11,273 ,000 18% 

The majority of the Fraser River sockeye population and the largest individual stocks 
spawn in the upper Fraser River watershed above Hell 's Gate (Fig. 2) . The majority of the 
upper Fraser spawning popu lation is concentrated in seven stocks (Adams, Lower Shuswap, 
Late Stuart, Early Stuart, Horsefly, Chilko and Stellako), while the majority of the lower 
Fraser sockeye (below Hope, B.C.) are concentrated in two stocks (Birkenhead and Weaver) 
(Fig. 2). 

6 

1 

·1 
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Fig.2. Sockeye salmon spawning areas in the Fraser River walershed. 

2.0 LIFE HISTORY 
Approximately 100 sockeye stocks spawn in their natal stream of origin, throughout the 

Fraser River watershed. The natal tributaries are associated mostly with lakes or lake chains 
which provide the main rearing habitat for juvenile sockeye (Fig. 2) (except for the Harrison 
sockeye stock, see section 3.9). Sockeye salmon is the only salmon species that is almost 
completely dependent on a lake system for juvenile rearing (Burgner 1991 ). 

After emergence from the gravel beds in mid-April to mid-May (B rannon 1972), juvenile 
sockeye enter the lakes associated with their natal streams to rear and overwinter. The 
freshwater residency of the majority of Fraser sockeye stocks is generally one year and 
occasionally two. Juveniles "smolt" and migrate to sea, generally in their second year of 
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life. The juvenile lake-rearing phase prov ides the necessary growth required for the smolting 
process and the adaptation to saltwater to occur (Clarke et al. 1981, Hoar 1976). The 
increasing water temperatures and day length in the spring, tend to trigger the smoltification 
process, whi ch initiates the downstream migration to salt water (Hoar 1976). Tn the upper 
Fraser Ri ver watershed, the downstream migration of smolting juveniles from the lakes to 
the sea is generally initi ated at the time of ice break-up (Burgner 1991 ). 

After leav ing the Fraser Ri ver, the majority of soc keye smolts spend little time in the 
Fraser Ri ver estuary and instead move relati vely quickly into the Strait of Georgia, entering 
the Strait primarily in April and May (Hea ley 1980). From there, the juveniles migrate 
predominantly nOlthward via the Johnstone Strait, ex iting the Strait of Georgia by late June 
and July (Groot and Cooke 1987) . The juveniles then migrate northwestward along the coast 

SOCKEYE 
Early Stuart 

Early Summer 
Quesnel 

Chilko 
Late Stuart 

Stellako 
Birkenhead 

Lower Adams 
Weaver 

Late Misc. 

: .......... : .. 

. . . . . . . . . i . 

......... : ... .. ..... , .. 

....... : .......... , ......... ;. 

June July Aug Sept Oct Nov 

Fig. 3. Approximate return migration timing to the lower Fraser River 
for various stock groups of Fraser River sockeye. 

before moving offshore 
into the Gu lf of Alaska 
where they intermingle 
with sockeye stocks from 
other areas. 
Approximately 90% of 
Fraser River soc keye 
mature at age 4 (females 
in particular) and begin 
their return migration 
after two years of ocean 
rearing. Other sockeye 
mature at age 3 (as 

precocious males or jacks) and at age 5. The returning sockeye adults enter the lower 
reaches uf the Fraser River from late June through late October, wi th eaeh stock having 
characteristic timing (Fi g. 3). This timing is related to the spawning timing which, in turn , is 
related to the water temperature cycle in the spawning area (B rannon 1972). 

Maturing Fraser sockeye mi grate from the North Pacific in summer months and make 
landfall along a wide margin of the coast. The fi sh then migrate southeastward and enter the 
Strait of Georgia through either the Johnstone Strait or the Strait of Juan de Fuca (Fig. 4). 
Until 1977, the proportion of the sockeye run migrating through the northern route 
(Johnstone Strait) has averaged only 16%. However, the notthern "di vers ion rate" has since 
increased, averaging 43% for the 1978- 1992 period , and reaching a high of70-80% in some 
years. Annual variat ions in the propottion taking the northern or southern mi gration route 
may be related to ocean temperatures. Tn general, intrusions of warm water from the south 
(EI Nino) are related to hi gher diversion rates through Johnstone Strait (Groot and Qu inn 
1987). 

Based on the tagging slUdies from 1938 to 1947, Verhoeven and Davidoff (1962) have 
summari zed the mi gration time intervals for Fraser sockeye travelling between different 
points within the zone of commercial fi shing. Sockeye tagged at Sooke, B.C. in Juan de 
Fuca Strait required an average of 4-7 days to reach New Westminster on the lower Fraser 
Ri ver, whi le sockeye tagged in the upper Johnstone Strait averaged 9 days to reach the same 
site (Fig. 4). Fraser Ri ver sockeye exhibit considerable differences among stocks in their 

migration speed and behaviour (Killick 1955). For example, the early mi grating stocks from 
the Early Stuatt, Bowron, Gates and Nadina rivers tend to travel relati vely quickly along 
their respective ocean routes and enter the Fraser River without delay primarily in JUly. 
These stocks have an average in -ri ver swimming speed of about 48 km/day, and tend to 
arrive at their respecti ve spawning grounds just prior to spawning. By compari son, the 
Chilko and Stellako River stocks which represent the middle timing segment of the Fraser 
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sockeye run, enter the 
lower Fraser River later, 
peaking in early to mid­

August. These latter 
stocks tend to migrate 
more slowly, averagi ng 
35 km/day, and arri ve at 
their spawning grounds 
2-3 weeks prior to 
spawning. The late 

tinting stocks 
(B irkenhead, Adams, 
Weaver and Harrison 
rivers, and Cultus Lake) 

migrate at a somewhat 
slower rate through 
marine areas, and have a 

relatively slow migration 
speed in the freshwater 
of only about 27 kill/day. 
These stocks delay off 
the mouth of the Fraser 
for up to several weeks 
before commencing the 
upstream migration. For 
example, the peak of the 
Adams stock arri ves off Fig. 4. Migration routes utilized by Fraser sockeye salmon· northern route 

(via Johnstone Strait) and southern route (via Juan de Fuca Strait) . 
the Fraser Ri ver mouth 

in late August but does not enter the Fraser River unti l approximately the third week of 
September. The Adams stock is unique in that up to 80% of the run can delay migrating 
upstream and hold off the Fraser River mouth. 

Killick ( 1955) suggested that sockeye stocks are composed of individuals which are 
distributed in timing over a broad (30 day) period and maintain a chronological order during 
freshwater migration and spawning. Killick ( 1955) further suggested that those fish 
spaw ning during the peak spawning period may be taking advantage of the long-term 
optimal egg-to-fry survival conditions, as defined by the environmental parameters. Early 
and late segments of a given sockeye run spawn, on average, during less favourable 
environmental conditions. The broad distribution of spawni ng timing for each run may serve 
to ensure the successful reproduction of the stock in years of atypical environmental 

conditions. 

2.1 CYCLIC DOMINANCE 
Many Fraser River sockeye populations exhibit a four-year pattern of production 

characterized by one strong (dominant) year, followed by a moderately abundant (sub­
dominant) year, then two relatively weak years. This pattern, often referred to as cyclic or 
quadrennial dominance, is maintained because most female sockeye mature at age 4 so that 

little overl apping of year classes occurs. The cycl ic dominance pattern is confined largely to 
the upper Fraser River sockeye stocks. The lower Fraser River sockeye stocks typically have 
a greater proporti on of age 5 fish , and hence show a greater mixing of the generations; this 
prevents the development and maintenance of cyc lic patterns. Unti l early this century, all up-
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up-river stocks were dominant on the 1993 cycle (i.e. 1989, 1985, 1993 etc.) (Ricker 1987). 
Following the collapse of the sockeye runs due to the Hell 's Gate blockage in 1913 and the 
subsequent rebuilding of the stocks, the dominant cycle line has been re-establi shed on 
different years for the different stocks (Appendi x 1). For example, in the Stuart and Quesnel 
Ri ver systems, the dominant cyc le has been re-established on the original 1993 cycle line. 
However, in the Shuswap Ri ver system, the dominant run now occurs on the 1994 cycle 
line. 

Understanding the mechanisms controlling cycl ic dominance is important from a stock 
rebuilding perspective. If this mechanism has no biological or ecological basis, then low 
cycles may be rebuilt by reducing exploitation rates to increase spawning escapements, 
thereby realizing gai ns in production (Cass 1989, Cass and Wood 1994). If, however, a 
biological or ecological mechanism is responsible for the maintainance of cyclic dominance, 
then the potential for increasing the production is greatly red uced. Although cycl ic 
dominance has been observed in Fraser sockeye stocks since the early 1800s (Roos 1991), 
the mechanism behind it remains unclear. Several hypotheses have been advanced to explain 
this phenomenon and determine whether it is an inheritable biological trait , an ecological 
effect, or the result of fishing pressure. Ward and Larkin (1964) and Larkin (1971) analyzed 
the historical returns of the lower Adams Ri ver sockeye and conducted computer-model 
simulation studies. They concluded that cyclic dominance could be the result of predation 
on sockeye juveniles in Shuswap Lake, and that thi s predation , in turn, could prevent the 
low-year cycles from increasing in abundance (i.e. strong get stronger, weak get weaker). 
Field studies conducted to test thi s hypothesises have produced ambiguous and sometimes 
contradictory results (Walters and Staley 1987). The models were developed using stock­
recru itment analysis which could be biased due to errors in the data (Walters 1985). 

The above conclusions have led to in vestigations on whether historical "accidents" may 
have triggered the cyclic pattern in sockeye abundance, and whether these cycles are now 
being maintained by fi shing pressure. Peterman (1980) concl uded that cyclic dominance was 
maintai ned hi storically by the Native food fis heries whi ch took a greater percentage of the 
weaker runs than of the dominant runs. Walters and Staley (1987) demonstrated that once 
established, cyclic "dominance" could be maintained by the overall fi shing pressure, and 
that the food fi sheries may have been responsible for the cyc lic patterns. Heritability of age 
at maturity of female sockeye has also been suggested as a mechanism that prevents the low 
cyclic lines from rebuilding (Walters and Woodey 1992). Age 5 fish spawning on the low 
cycle lines may produce hi gh proportions of age 5 offspring which are "lost" to subsequent 
cycles, thereby keeping the small cycles from increasing. Levy (1992) analysed all 
suggested mechanisms and concluded that high fi shing pressure on off-cycle lines would be 
inherentl y unlikely since various co-migrating stocks exhi bit different dominance patterns. 
Cass and Wood (1994) have concluded that data used to argue for fi shery maintainance of 
cycles was largely fau lty due to biases in the racial analysis of stocks. 

One poss ible explaination for cyclic dominance is that the hi storic Native food fishery 
could have produced the cycles (Peterman 1980) and that the cycles are now maintained by 
the overall fis hing pressure (Walters and Staley 1987). Thi s suggests a non-biological 
mechanism for cyclic dominance and if correct, substantial increases in the annual sockeye 
production may be realized through rebuilding of the low cycle lines. 
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3.0 STOCK 
DESCRIPTION 

This section gives a brief 
description of each of the 
major sockeye stocks in the 
Fraser River watershed, and 
serves as a basis for 
subsequent di scussion of 
the rebuilding strategies. 
The stock description 
includes primarily trends in 
the total run size for each 
major stock. The 
descriptions are presented 
by Habitat Management 
Area (HMA, Fig. 5) for 
purposes of consistency 
with other initiatives in the 
Fraser River Action Plan. 
In general, the HMAs also 
encompass the harvest 
management regimes of the 
stock groups. The annual 
escapement, total return (all 
ages combined) from that 
escapement, and return per 
spawner are shown by cycle 
line for each major stock group in Appendix 2. 

3.1 STUART / TAKLA HABITAT MANACEMENT AREA 

CANADA 

Several sockeye stocks utilize the Stuart River watershed tributaries and the associated 
lake chain (Figs. 2, 5). For harvest management purposes, these stocks are termed the Early 
and Late Stuart stock groups. The two groups have separate return migration timings (Fig. 
3), spawning periods, and spawning tributaries. 

5 Early Stuart sockeye - Total Return 
4 cycles ,00' 
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Brood Year 

Fig. 6. Total returns of the Early Stuart sockeye stocks, 
1956 - 1989 brood years. 
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Early Stuart 
Sockeye Stocks 

The Early Stuart sockeye 
stock group is the 
earliest timed stock in 
the Fraser watershed and 
migrates through the 
lower reaches of the 
Fraser River from late 
June to late July, 
typically peaking in the 
first and second weeks of 
July (Fig. 3). These 
stocks spawn in about 30 
tributaries which flow 
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into the Takla and 

Trembleur Lakes (Fig. 
2); the latter are utilized 

for reari ng by fry. Peak 

spawn ing occurs in 

earl y-August. The 1993 
cycle line is the most 
abundant for the Early 

Stuart stock group (Fig. 

6). The less abundant 

cycle lines have shown 

increases in recent years. 

Figure 7 compares for 

each cycle line the brood 

escapement with the 

result.ing total return 

from that brood. The 

data indicate that larger 

spawning escapements 

do not always result in 
larger total returns, 

suggesting that 

additional mechanisms, 
such as environmental 
conditions during 
incubation and/or 
rearing, may al so affect 

the size of return s. For 

example, severity of 

winter conditio ns or the 
level of food abundance 

during the lake-rearing 

phase may affect the 

early survival. Further 

research is required to 
identi fy the key factors 

affecting the survi val of indi vidual sockeye stocks, and determine the best strategies for 

rebuilding these populations. 

Late Stuart Sockeye Stocks 

The Late Stuart sockeye stocks spawn in only six tributaries of the Stuart River watershed. 

Adult fi sh migrate through the lower Fraser River fro m mid-July to late-August, peaking in 

earl y August (Fig. 3). Peak spawning occurs in late September. The Midd le River and 

Tachie River stocks comprise the majority of the spawning popu lation with on ly limi ted 

spawning observed in the other streams. The most abundant runs genera lly occur on the 

1993 cycle line (the same as the Early StU3I1 stocks) , and recent returns have increased on 

all four cycles (Fig. 8). The 1990-1993 return has averaged 1.7 million sockeye, with a 

maximum return of 5.6 million fi sh reported in 1993. In recent years, record escapements have 

occurred on all four cycles (Appendix 2) which suggests that this stock group has exce llent 

oPPol1unities for rebuilding. Returns from the most recent broods will provide an indication 
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of the rebuilding 
potential for the Late 
Stuart stock group. 
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Fig. 8. Total returns of the late Stuart sockeye 
stocks , t956· 1988 brood years. 

3.2 NECHAKO HABITAT MANAGEMENT AREA 
Six sockeye stocks utilize the Nechako Ri ver basin (Figs. 2, 5). The Stellako and Nadina 

River stocks make up the majority of the spawning population; the Endako and Nithi River, 
and the Ormonde Creek stocks, are of minor abundance. The juveniles rear in Francois and 
Fraser Lakes. 

Stellako River Sockeye Stock 

Stellako Ri ver sockeye 
enter the lower Fraser 
Ri ver from mid-July to 
early September, with 
migration usually 
peaking in mid·August 
(Fig. 3). Spawning takes 
place throughout the 
Stellako River between 
Francois and Fraser 
Lakes and peaks in late 
September. The 
fo ll owing spring, fry 
migrate downstream to 
rear in Fraser Lake. This 
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Fig 9. Total returns of the Steliako River sockeye stock. 
1956 • 1988 brood years. 
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lake is one of the most productive in the Fraser watershed, with high concentrations of 
insect and plankton food organi sms suitable for growth and survival of soc keye juveni les. 

Total returns since 1960 have averaged 465,000 fish, ranging from only about 77,000 fi sh 
to about 1.8 million (Fig. 9). Despite the wide range in retu rns, cycl ic dOll1 inance is not well 
developed in this stock. However, the 1995 cycle li ne tends to be the most abundant, 
especially with the large total returns from the 1975 and 1983 brood escapements (Fig. 9). 
Since 1960, each cycle line has demonstrated a variable production poten( ial. Whether these 
fluctuations are the result of variable environmental conditi ons (freshwate r and/or marine) is 
unknown. Although no apparent relationship exists between the escapeme nt size and 
subsequent returns (Appendix 2), the data suggest that the Stellako Ri ver sockeye stock 
may have the potentia l for further increase. 

Nadina River Sockeye Stocks 

The Nadina River supports two di screte sockeye stocks, an earl y and a late run. The earl y 
run spawns in the lower Nadina River, about 6 km upstream from Francoi s Lake, with peak 
spawning in late August. This run is now virtual ly extinct. It is believed that log drives 
during sockeye spawning in the 1950s and 1960s have resulted in reduced incubation 
survival; the detrimental effects were probably too great to all ow for stock rebuilding 
(IPSFC 1972). The late run spawns further upstream just below Nadina Lake (Fig. 2), with 
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Fig 10. Total returns of the late Nadina sockeye 
stock, 1956 - 1988 brood years. 

peak sp awning about one 
month later (late 
Septell1ber). Given this 
late spawning tinling and 
the fact that the Nadina 
River stock migrates into 
the lower Fraser Ri ver 
relatively early, peaking 
in late-July (Fig. 3; earl y 
summer run), these fi sh 
hold in the spawning 
area for a considerable 
time. 

The 1995 cycle line of 
the late Nadina stock is 
preselltly the most 

abundant; however, the 1993 cycle was generally the most abundant during the 1960s and 
1970s (Fig. 10). A spawning channel built in 1973 to enhance thi s popu lation has not 
resulted in strong increases in returns. This is puzzling since Francois Lake where the 
juveniles rear, is considered to have the potential (based on zooplankton abundance) to 
support a much larger juvenile popUlation than at present. Al so, the past abundance of the 
1993 cyc le line indicates that there is some potential fo r stock rebuil di ng. Further studies are 
required to determine why thi s stock is not increasing in abundance. 

3.3 UPPER FRASER RIVER HABITAT MANAGEMENT AREA 
Bowron Sockeye Stock 

The Bowron River sockeye migrate into the lower Fraser River primarily in mid-July. 
Adu lts spawn in the upper reaches of the Bowron River, with peak spawll ing observed in 
late August. The juveniles rear in Bowron Lake (Figs. 2, 5). The 1995 cycle has been the 
most abundant line during the 1960s and I 970s (Fig. II ). Presently, thi s cycle is much 
weaker and is comparable to the other cycles in abu ndance (Fig. II ). The escapements of 
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the Bowron River stock 
on the 1995 cycle have 
declined from an average 
of approximately 29,000 
spawners ( 1963-83) to 
less than 9,000 spawners 
( 1987-9 1) (Appendix 2). 
Given the variable total 
returns on aU the cycles, 

this stock may have the 
potential for rebu ilding if 
the escapements can be 
increased. 
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Fig. 11 . Total returns of the Bowron River sockeye 
stock, 1956 - 1988 brood years. 

1988 

3.4 QUESNEL RIVER HABITAT MANAGEMENT AREA 
The Quesnel Lake stock group is primarily composed of the Horsefly and Mitchell River 

sockeye stocks. Both these stocks have been rebui lding rapidly since the early 1980s, and 
have become a very important stock group. In addition, small popu lations spawn in 
tributaries scattered around the lake. 

Horsefly River Sockeye Stock 

The Horsefly River sockeye enter the Fraser River in late Jul y to late-August, peaking in 
the first week of August (Fig, 3; Quesnel group), Probably as a resu lt of the larger population 
size, the run timing of this stock has recently become extended into early September, along 

with a later peak 
12 migration timing. Peak Horsefly River sockeye - Total Returns 1993 

u; 10 c 
4 cycles spawning occurs in mid-

~ September, primarily in 
I 8 - the upper access ible 
'" E reaches of the Horsefly 
~ 6 River. The largest returns a: 

~ • occur on the 1993 cycle 
line, with a total of 11 

2 
1994 million sockeye reported 

1995199 for the 1985 brood return 
0 (Fig. 12). Both the 1993 1956 1960 196' 1968 1972 1976 1980 1984 1988 

Brood Year and 1994 cycles have 
Fig. 12. Total returns of the Horsefly River sockeye shown increases in recent 
stock, 1956 - 1988 brood years. 

years. 

Mitchell River Sockeye Stock 

Migration timing to the Fraser River and peak spawning timing for the Mitchell sockeye 

stock are similar to those for the Horsefly stock (see above). Furthermore, the Mitchell stock 
is also dominant on the 1993 cycle line, with dramatic increases in total returns observed fo r 
the 1981 and 1985 brood returns (Fig. 13a). The much weaker 1994 cycle line has also 
strengthened in recent years. Increases in escapements fo r each cycle (Fig. 13) parallel 
increases in the total returns. 

For the combined Horsefly and Mitchell stocks, the recent signifi cant strengthening of the 
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1.8 -r-------- ----- ---------, 1993 cycle line and the 
rebuilding of the other 
lines is very encouraging. 

However, there is a 
growing concern that the 

present numbers of fry 
may be overtax ing the 
production capac ity of 
Quesnel Lake. 
Accordingly, research is 
currently underway to 
study the relationship 
between the numbers of 
sockeye juveniles rearing 
in Quesnel Lake and the 
available food supply. If 
zoop lankton production 
of Quesnel Lake indeed 
cannot sustai n the high 
levels of j uvenile 
sockeye, then the 
numbers of juveniles 
shou ld be adjusted by 
reduc ing the spawning 
escapement. A limiting 
rearing capacity in 
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Fig. 13 Total returns (a) and brood escapements 
(b) 01 the Mitchell River sockeye stock lor1993 
and 1994 cycle lines, (no return on other lines). 

Quesnel Lake could 
greatly hinder the rebuilding etfOits for these stocks. Conseq uently, the primary guideline in 
developing any rebuilding ini tiatives for sockeye salmon is to define the carrying capacity of 
the nursery lakes. 

3.5 CHILCOTIN HABITAT MANAGEMENT AREA 
Chilko and Taseko Sockeye Stocks 

The Chilko Lake stock group consists of three discrete sockeye stocks (Chilko River, 
Chilko Lake, and Taseko Lake) which utilize the Chilko and Taseko lakes in the Chilcotin 
watershed (Figs. 2, 5). The Chi lko River stock has a peak entrance timing into the Fraser 
River during early August (Fig. 3) and spawns primari ly during late September immediately 
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Fig. 14. Total returns of the Chilko River sockeye 
stock, 1956 -1988 brood years. 
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downstream of Chilko Lake. 
Newly emerged fry migrate 
upstream to rear in the lake. The 
smaller Chilko Lake stock 
utilizes the south end of the 
Chilko Lake (Fig. 2) and is 
be lieved to enter the lower Fraser 
Ri ver about one week earlier 
than the Chilko Ri ver stock. The 
Chilko Lake stock spawns in 
early September, or about two 
weeks earlier than the Chilko 
Ri ver stock. 



The Taseko Lake sockeye utilize the Taseko Lake system and have shown highly variable 
escapement levels. However, this may be misleading due to the difficulty of obtaining 
accurate visual counts on these stocks as both the Taseko and Chilko lakes are glac ial-fed 
and relatively murky. The Taseko Lake stock spawns in mid-September and its mi gration 
timing into the lower Fraser Ri ver is assumed to be similar to that of the other two stocks in 
thi s group. 

Cyclic dominance is not observed for the Chilko River sockeye stock, although the 1993 
cycle is generally weaker than the other three cycles (Fig 14). Currently, the Chilko Lake 
stock group is the third largest sockeye population in the upper Fraser River watershed (after 
the Quesnel group and Lower Adams stocks). 

3.6 THOMPSON / SHUSWAP HABITAT MANACEMENT AREA 
The Shuswap Lake system supports two discrete runs of sockeye, the early and late stock 

groups. These stocks, enter the lower Fraser River about two months apart. The Lower 
Adams River sockeye stock is the second most abundant stock in the Fraser River 
watershed. 

Early Run Shuswap Lake Sockeye Stocks 

The early run stocks are the Upper Adams, Eagle, Anstey and Seymour rivers, as well as the 
Momich-Cayenne and 
Scotch creeks (Fig. 2). All 
of these stocks have their 
greatest abundance on the 
1994 cycle line. The 
Seymour River and 
Scotch Creek stocks are 
the largest of the early 
run, with peak spawning 
timing in early September. 
The Seymour Ri ver stock 
has shown marked 
increases in the 1994 and 
1995 cycle lines si nce the 
early 1980s; however, the 
two minor cycle lines 
have remained weak (Fig 
15). The Scotch Creek 
stock has also shown a 
recent marked increase in 
the 1994 cycle line which 
has now replaced the 
1993 cycle line in 
dominance (Fig. 16). This 
switching of the most 
abundant cycle lines and 
the recent increase in the 
minor 1995 cycle line 
suggest that rebuilding of 
the Scotch Creek stock is 
possible. 

1200,---------------------, 
Seymour River sockeye· Total Returns 



The Eagle and Anstey River sockeye stocks have likewise increased considerably in total 
returns. Escapements in 1986 and 1990, respectively, were 7, 100 and 4, 100 for the Eagle 
Ri ver, and 7, 100 and 25 ,300 for the Anstey River. Hi storicall y, both of these sockeye stocks 
had considerably larger abundances (Ricker 1987). The Upper Adams River and the 
Momich-Cayenne Creek stocks were decimated during the early 1900s by damming of the 
Lower Adams Ri ver for building up the level of Adams Lake to fac ilitate log-drive 
operations. The dam halted upstream migration of the returning sockeye, resulting in virtual 
extincti on of these stocks. Rehabilitation efforts are Showing some promising results 
(Williams 1987). 

All of the above stocks in the early run group are showing increasing returns, suggesting 
that rebuilding of these stocks towards hi storical levels is possible. In particular, the 
rebuilding of the Upper Adams Ri ver sockeye stock, considered to be the largest historical 
producer of sockeye salmon in the Fraser watershed (Ricker 1987), would increase 
significantly the overall sockeye production. 

Late Run Shuswap Lake Sockeye Stocks 

The late run Shuswap Lake sockeye stocks spawn mainly in the lower Adams Ri ver and 
adjacent portions of Shuswap Lake, Little River, Lower Shuswap River and Middle 
Shuswap Ri ver (Fig. 2). This stock group (termed the Lower Adams run ; Fig 3), enters the 
Fraser Ri ver from earl y September to mid-October, peaking in the lower Fraser about the 
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:~~ 
1988 

1988 

third week of September. 
Peak spawning occurs in 
the third week of 
October. The most 
abundant production for 
these stocks is on the 
1994 cycle Ii ne. 

The Lower Adams Ri ver 
sockeye stock is the 
largest in thi s stock 
group with an average 
total return of 6.7 milli on 
sockeye on the dominant 
cycle since 1974 (Fig. 
17). The subdominant 

1995 cycle also has 
relati vely large total 
returns. The minor cycle 
lines have shown recent 
increases (for 1992 
cycle) and highl y 
variable returns (for 
1993 cycle), suggesting 
that thi s stock has the 
potential for rebuilding 
on the less abundant 
cycle lines. 

The Lower Shuswap 
Ri ver sockeye stock has 
increased significantly 



on the domi nant 1994 cycle 
line, averaging 1.6 million total 
returns since 1974 (Fig. 18). 
The other three cycle lines are 
much lower in abundance, and 
their combined returns have 
decl ined since the 1970s (Fig 
18b). The Middle Shuswap 
River sockeye stock, like the 
Lower Adams and Lower 
Shuswap stocks, has increased 
significantly on the 1994 cycle 
line (Appendi x 2). 

In summary, the overall 
sockeye stock group in the 
Shuswap Lake system (earl y 
and late runs) has shown steady 
increases since the early 1960s 
on the dominant 1994 cycle 
line (Fig. 19a). The total return 
on this cycle from the 1986 
brood was over 12 milli on 
sockeye. This stock group is 
the second most prOducti ve 
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sockeye group in the Fraser 
Ri ver watershed and there are 
indications for an overa ll 
increase in the cycle lines. 
However, concerns remain as 
to whether the juvenile rearing 
capac ity of Shuswap Lake can 
support consecuti ve large 
populations of sockeye fry. 
These concerns must be 
addressed through 
hydroacoustic and limnological 
monitoring programs and 
experimental studies in order to 
develop successful rebui lding 
strategies for this system. 



3.7 NORTH THOMPSON HABITAT MANAGEMENT AREA 
Raft River and Fennel Creek Sockeye Stocks 

The Raft River and Fennel Creek sockeye stocks are the only significant spawning 

populations on the North Thompson River, although spawning is regularly observed in the 
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Fig. 20. Total returns of the Raft River sockeye 
stock, 1956 - 1988 brood years. 

-
1984 1988 

North Thompson Ri ver 

and Lemeiux Creek 
(Figs. 2, 5). These are 

relatively early runs, 

typicall y migrating 

through the lower Fraser 

River from mid-July to 
mid-August (earl y 

summer stocks; Fig. 3). 

The Raft River sockeye 

spawn in the lower 
portion of that ri ver, with 

peak spawning timing in 

early September. The 

juveniles rear in North 

Thompson Ri ver and 
eventuall y in Kamloops Lake (Fig. 2) . The Fennel Creek sockeye spawn mainly in Fennel 

Creek with small numbers in the Barriere Ri ver. Peak spawning occurs in late August. The 

juveniles are thought to rear in North Barriere Lake. 

For the Raft Ri ver sockeye stock, the 1992 cycle line is the most abundant, showi ng 

relatively stable total returns since the late I 960s (Fig. 20). Total returns on the other cycle 
lines have declined 

steadil y. By compari son, 

the Fennel Creek 100 ~--------------------------------------, 

sockeye stock is 
increasing on all four 

cycle lines (Fig. 2 1). 

Cyclic dominance is not 

well developed for the 
Fennel Creek stock , with 

the 1992, 1994 and 1995 

cycles showing 

comparabl e abundances 

in recent years (Fig. 21). 

Thi s stock is rebuilding 

and the data suggest a 

potential fo r reaching 

still higher returns. 
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Fig. 21. Total returns of Fennel Creek sockeye 
stock, 1956 - 1988 brood years. 

3.8 SETON / BRIDGE HABITAT MANAGEMENT AREA 

/ 
1993 

1984 1988 

Two sockeye stocks (Gates and Portage creeks) utili ze the Seton and Anderson Lake 

system (Figs . 2, 5). Gates C reek is a tributary to the western end of Anderson Lake, while 

Portage Creek is situated between Anderson and Seton lakes. 
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Gates Creek Sockeye 
Stock 

The Gates Creek stock 
migrates through the 
lower Fraser River from 
mid-July to mid-August 
(Fig 3; early summer), 
and has peak spawning 
timing in late August. 
The greatest abundance 
of this stock is on the 
1992 cycle line and all 
cycle lines have shown 
increasing total returns in 
recent years (Fig. 22). 
Production of the Gates 
Creek stock has been 
augmented with a 
spawning channel built 
in 1968 to mitigate the 
effects of logging and 
other human activities 
(Cooper 1977). The 
spawning channel is 
estimated to account for 
a high proportion of this 
stock's production. 

1956 1960 1964 

>00 ~-------------------------------------, 

Ul 400 
"C 
C 

ffi 
o 
o 300 
2-
E 
ifi 200 
a: 

100 

'in 
"C 80 c 
ro 
00 
0 
0 

2- 60 
00 

E 
0 
1U 40 a: 

~ 
I-

20 

0 

Gates Creek sockeye - Total Returns 
(a) 4 cycles 

1956 

Brood Year 

(b) 1992 cycle omitted 
1993/ 

/ 

/ 
/ 

/ 
/ 

I 
/ 

1956 1960 1964 1968 1972 1976 1980 1984 

1968 1972 

Brood Year 

Fig. 22. Total returns of the Gates Creek sockeye 
stock, 1956 - 1988 brood years. 
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Fig. 23. Total returns of the Portage Creek sockeye 
stock, 1956 - 1988 brood years. 

cycle line is not well 
defined, although the 
1994 cycle is usually the 
largest (Fig. 23). The 
hi storically weak 1992 

cycle line has reached a record hi gh abundance in 1992 (Fig. 23), suggesting that cyclic 
dominance may not be a serious obstacle to rebuilding the less abundant cycles in thi s stock. 

3.9 HARRISON HABITAT MANAGEMENT AREA 
Two major sockeye stocks (Birkenhead River and Weaver Creek) and two minor stocks 

(Harrison River and Big Silver Creek) utilize the Harrison River watershed (Figs. 2, 5). The 
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Birkenhead Ri ver drains into Lillooet Lake, while Weaver Creek is a tributary to the 
Harri son River. The Harri son stock spawns in the mainstem of the Harrison River, while the 
Big Silver Creek stock spawns in the stream with the same name which flows into the 
eastern side of Harrison Lake. Juveniles of all these stocks rear mainly in Harri son Lake, 
except for the Harri son River stock. Rapids above the spawning area prevent the Harri son 
River juveniles from entering Harrison Lake. Consequently, these juveniles begin their 
seaward migration shortly after emergence, rearing in the tidewater sloughs of the lower 
Fraser River (Birtwell et al. 1987), and entering saltwater during their first summer of life. 

Birkenhead River Sockeye Stock 

The Birkenhead sockeye stock migrates through the lower Fraser River from early August 
to late September (Fig. 3), often after a delay of a week or more off the Fraser River mouth. 

2~ ,-----------------------------------------, 

Peak spawning occurs in 
early October. This stock 
shows no obv ious cyclic 
dominance (Fig. 24) due 
to the relatively hi gh 
proportion of age 5 
adu lts. Recent high total 
returns for the 1994 and 
1995 cycle Lines suggest 
that the Birkenhead 
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Fig . 24. Total returns of the Birkenhead River 
sockeye stock, 1956 - 1988 brood years. 

Weaver Creek Sockeye Stock 

The Weaver Creek sockeye are a late migrating stock with peak migration through the 
lower Fraser River observed in late September or early October (Fig. 3) . Peak spawn ing 
occurs in mid-October. Like the other late run sockeye stocks which typ icaJly delay off the 
Fraser River mouth, thi s stock delays for up to several weeks. Prior to 1969, the Weaver 
Creek sockeye run was 
severely depressed due to '600 

logging operations 
"00 
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Fig. 25. Total retu rns of the Weaver Creek 
sockeye stock, 1956 - 1988 brood years. 
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returns in the 1980s, while the other cycles have shown variable returns (Fig. 25). 

The overall returns for thi s stock indicate that its rebuilding is highly possibl e. However, 
the optimal spawning capacity and gravel quality of the Weaver Creek spawning channel 
may be a limiting factor, and this may account for the observed fl uctuations in total returns 
(D. Harding, pers. comm.). In general, the Weaver Creek stock has responded well to 
enhancement efforts using the spawni ng channel technology, and further increases in 
production may be poss ibl e using thi s approach. 

Harrison River Mainstem Sockeye Stock 

The Harrison River mainstem stock is unique among the Fraser Ri ver sockeye stocks in 
that, as stated earlier, the emergent juveniles rear in the estuarine area of the lower Fraser 
River. This is a late 
spawning run , with peak 
spawning observed in 
late November. The 
stock enters the Fraser 
River from mid­
September to mid­
October (Fig 3; late 
misc.). The Harrison 
Ri ver mainstem stock 
has shown a general 
decline in all cycle lines 
s ince the earl y 1970s, 
excluding the high 1987 
brood returns. (Fig. 26). 
This decli ne may 
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Fig. 26. Total returns of the Harrison River sockeye 
stock, 1956 - 1988 brood years. 

1988 

indicate progressively worsening rearing conditi ons in the lower Fraser Ri ver. If the 
depletion or loss of the rearing habi tat is the major cause for the decline, then the rebuil ding 
potential for thi s stock may be low. Fu rther studi es are required to determine if this is the 
case, and if so, whether the rearing habitat can be rehabilitated . 

3.10 PITT / STAVE HABITAT MANACiEMENT AREA 
Upper Pitt Lake Sockeye Stocks 

The two minor sockeye 

stocks whi ch utilize the 
Pitt Lake watershed are 
the Upper Pitt and 
Widgeon slough stocks. 
The upper Pitt Lake 

sockeye stock group 
spawns in upper Pitt 
River mainstem and its 

tributaries, with peak 
spawn ing observed in 
mid-September. The 
juveniles rear in Pitt 
Lake (Figs. 2, 5). 

Relative to the other 
lower Fraser Ri ver 
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Fig. 27. Total returns of the Upper Pitt River sockeye 
stocks, 1956 - 1988 brood years. 
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sockeye stocks, this is an early returning stock with migration timing through the lower 
Fraser River from mid-July to mid-August. The early migration ti ming of this stock is 
related to the comparati vely low water temperatures in the glacial-fed spawning streams. 

A hatchery operation commenced in this area in 1963 (Cooper 1977) to address the 
problem of depressed and declining sockeye stocks. The continuing low returns, especially 
in recent years (Fig. 27), suggest that the impact of loggi ng on natural fish production may 
have been so severe that the present levels of hatchery production cannot reverse the trend. 
Nevertheless, the enhancement efforts are credited for the majority of the current production 
since the natal streams are subj ected to persistent and severe flash flooding during the 
incubation period (Pitt Hatchery, unpubl. data). 

The Pitt Lake sockeye stock group is unique due to the large average size (3+ kg) of its 
adults. This is probably related to the large proportion of older adults returning to spawn; in 
some brood years, 80-90% of the returns are age 5, with age 6 fish also observed (Pitt 
Hatchery data). The older adults have reared in salt water for three years, instead of two, and 
thus have attained a larger size. The random occurence of severe fl oods impacts and the 
large proportion of age 5 adults in the total returns has prevented the development of a 
dominant cycle line (Fig. 27). The older age structure and the large size of adu lts in the Pitt 
Lake population, make this a potentially very valuable stock if rebuilt. 

3.11 CHILLIWACK/LOWER FRASER HABITAT MANAGEMENT AREA 
Cullus Lake Sockeye Stock 

The Cultus Lake sockeye migrate through the lower reaches of the Fraser River from late 
September to end of October, with a peak entrance around mid-October (Fig 3; late mi sc.). 
This stock spawns in Cultus Lake (Figs. 2, 5), with peak spawning observed in mid­
November. The total returns on the 1995 cycle line have been relative ly consistent since the 
early 1970s, but the other cycle lines have declined steadi ly over the same peri od and are 
presentl y at very low levels (Fig. 28). The Cultus Lake stock co- migrates with the Weaver 
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Fig. 28. Total returns of the Cultus Lake sockeye stock 
1956 - 1988 brood years. 

3.12 STOCK STATUS SUMMARY 

Creek stock, and fishing 
pressure on the enhanced 
Weaver Creek stock has 
li kely contributed to the 
decl ine of the C,dtus 
Lake stock. The decline 
is also thought to be due 
to predation on sockeye 
fry in Cldtus Lake 
(Foerester and Ricker 
1941). Predator removal 
to increase sockeye 
production in th is lake 
has been undertaken in 
the 1930s and again 
more recently. 

The overall Fraser River sockeye stocks have been rebuilding stead il y since the 1960s, 
based on the total return data (Fig. 29). Presently, the two strongest cycle lines (1993 and 
1994) are simil ar in abundance, each exceeding 15 million sockeye in the late 1980s. The 
weaker 1995 cycle line has been increasing in abundance since the late 1980s, reaching 
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over 12 mill ion sockeye 
for the 1987 brood 
return . The weakest 
1992 cycle line has 
remained re lati ve ly 
constant at about 5 
million fi sh. A 
com pari son of the 
escapement trends 
among cycles for the 
combined Fraser River 
sockeye stocks, shows 
an increase since the 
mid- 1970s on all cycle 
lines (Figs. 30, 3 1). 
However, the increasing 
trend appears to be 
weaker for the less 
abundant lines, 
suggesting that 
rebuilding strateg ies 
shoul d concentrate on 
increas ing the natural 

escapement levels. As 
noted earli er fo r the 
Early Stuart sockeye 
group, larger 
escapements do not 
always resul t in larger 
tota l retu rns . This 
unpredictability and the 
high variability in the 
total returns suggest 
that, in addition to hi gh 
escapement levels, some 
other dri ving mechani sm 
is also involved in 
defining stock 
production. 

A comparison of 
production trends 
(returns/spawner) fo r 
each cycle line for the 
1960- 1992 period, 
shows increases in the 
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Fig. 29. Total returns of all Fraser River sockeye 
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Fig. 31. Escapement trends for all Fraser River sockeye 
stocks by cycle line, 1956 - 1988 brood years. 

stronger 1993 and 1994 cycle lines, lower increases in the weaker 1995 cycle line, and 
some decline in production in the weakest 1992 cyc le line (Fig. 32). Figure 33 summarizes 
for each cyc le li ne, the above trends in brood escapement, the resul ting total returns (a ll 
ages) and returns/spawner. The data suggest that if these trends continue for the 1993, 
1994 and 1995 cycle lines, then opportunities exist to increase the total returns to 
hi storical levels. The potential to achieve those levels wi ll depend on the contin ued high 
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4.0 SOCKEYE SALMON HARVEST MANACEMENT 
4.1 CURRENT MANAGEMENT STRATEGY 

Prior to 1985, the International Pacific Salmon Fisheries Commission (IPSFC) was 
responsible fo r the management of the Fraser River sockeye (and pink) sa lmon and fi sheries 
within the established "Conventi on Area" (Fig. 34). The catch taken within the Convention 
waters was shared equally between Canada and the Un ited States . Under the Pacific Salmon 
Treaty, ratified in March 1985, the Pacific Salmon Commission (PSC) was created which 
included a Fraser Ri ver Panel consisting of Canadian and American representatives. The 
Fraser River Panel has the responsibility for the development of pre-season plans, as well as 
the in -season management of Fraser Ri ver sockeye (and pin k) salmon within the Fraser 
River Panel area (this area is equi valent to the previous Convention Area and includes 
Canadian and U.S . waters). Under the Treaty, the U.S. share is based on the total all owable 
catch (TAC). Canada's Oepattment of Fisheries and Oceans (OFO) is respons ible fo r 
managing the Canad ian fi sheries outside the Panel Area, but must coordi nate its 
management actions with those of the Fraser Panel to ensure that escapement and allocation 
objectives are met. 

The Pacific Salmon Commission, guided by principles and provisions of the Treaty, 
establishes general fi shery management regimes for internati onal conservation and harvest 
sharing of intermingling salmon stocks. The Fraser Ri ver Panel makes recommendations to 
the PSC for development of annual fi shery regimes in accordance with the objectives of the 
Treaty. These recommendations are based on pre-season forecasts of abundance, escapement 
goals set by Canada, and international and domestic allocation of the TAC. 

Once the fi shing options are techni cally developed, managers meet with various industry 
and advisory groups including the Fraser Panel, South Coast Advisory and Outside Troll 
Advisory, to finali ze the fi shing plans . Final fishing plans ami stuck expectations are 
publi shed annually in a OFO information bulletin titled "Salmon Expectations". These pre­
season forecasts of stock strength and proposed fis hing plans are intended to serve as 
guidelines only since in-season modi fications could be required. 
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Fig. 34. The Fraser River Panel (Convention) area in relation to fi shery managment areas. 
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The three main objectives of the Fraser Ri ver Panel in managing the Panel Area fisheries 
on sockeye (and pink) salmon are listed below in order of importance: 

I . Achievement of gross escapement goals for each major stock or stock group, 

2. International allocation of catches between Canada and the United States, 

3. Domesti c allocation of catches within each country's share, and 

4. Conservation requirements for other stocks and species. 

The chief objecti ve then is to achieve the gross escapement which cons ists of the adult 
spawning escapement plus the anticipated catch in the Fraser River Aboriginal food fishery. 
The DFO sets the ini tial gross escapement goal, based on pre-season indicators. This goal 
may be revised several times during the fi shing season, based on in-season estimates of 
actual run sizes. 

Management of the Fraser Ri ver sockeye is highly complex due to the predomi nance of 
different stocks in each four-year cycle, and the resu lting variable stock composition and 
migration tinting among cycle years. Tn addition, variation in size of returns is large and 
may be unpredictable; migration timings of different stocks overlap substantially; and the 
diversion rate (i.e. proportion of Fraser sockeye stocks approaching the Fraser River via the 
northern route through Johnstone Strait) may vary considerably from year-to-year. For 
example, during 1975 to 1983, the north diversion rate for Fraser sockeye ranged fro m 15% 
to 80%. For these reasons, and because of the different escapement objectives for each 
stock, deci sions required to manage the Fraser River sockeye stocks may resu lt in situations 
of compromise and trade off. 

Fishing plans fo r sockeye (and pink) salmon are based initially on pre-season forecasts of 
stock abundance and diversion rates. The pre-season estimates of run size consider several 
factors that affect the annual abundance of the Fraser River sockeye salmon. For example, 
total abundance is related to the four-year cycle in returning run size and to natural 
variability in surviva l rates. The pre-season plans are later refined by in-season estimates 
derived from test fishery, harvest and escapement data, as well as stock composition 
analysis. Development of management plans for other species and stocks intercepted in the 
non-Panel waters of the South Coast, is the responsibility of the appropriate country. 

Typically, management is based on five or six of the largest sockeye stocks or stock 
groups. Openings and closures in each of the fisheries are implemented to achieve target 
escapement levels for these stocks. If the harvest rate on co-migrating stocks becomes 
excessive, the fi shing plans are adjusted to nuninuze impacts to the extent practicable. 
Throughout the fishing season, estim ates of sockeye run size and stock composition are 
constantly revised to allow for more precise management. After each fishing season, the 
Panel management strateg ies are assessed to determine if the goals. were met, to estimate 
catch deficiencies that require future attenti on, and to improve management techniques and 
data collection programs. 

Fisheries directed at Fraser sockeye stocks also intercept other Canad ian sockeye, pink, 
summer chum, chinook, coho and steel head stocks, as well as passing U.S. stocks. Minor 
intercepti on of fall ch um stocks also occurs during the later sockeye fisheries. Due to the 
quadrennial dominance exhibited by the Fraser sockeye, fishing patterns vary each year 
depending on the tim ing and abundance of the dominant stocks. Consequently, interception 
of other stocks and species in these fisheries al so differs fro m year to year. In recent years, 
some adjustments in fi shing patterns and gear have been made to limit catches of other 
species, primarily chinook. The problem of harvesting non-target species is confined 
primarily to net fi sheries since trolling for sockeye uses gear and techniques that can result 
in the release of non-target species, such as coho and chinook salmon. 
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The fishing fleet of the South Coast fisheries is extremely powerful and mobile and, 
therefore, must be restricted to prevent overfishing. For example, the Johnstone Strait 
fishery is capable of harvest rates of 60-70% per week. While the size and di stribution of the 
fishing fleet cannot be controlled, time and sub-area closures can be set, and specific 
boundary closures can be implemented for conservation purposes. In recent years, the major 
South Coast fisheries have usually been restricted to openings of one to three days per week 
over a period of 7-10 weeks. In addition, adjacent fi shing areas are frequently open 

simultaneously to distribute the fleet. 

The current management strategies and catches for individual fisheries that harvest Fraser 
River sockeye are presented in Section 4.4. 

4.2 ALLOCATION 
International Allocation 

Prior to 1985, the catch within the Convention Area was divided equally between Canada 
and the United States. As a consequence, the U.S. catch ranged between 10% and 50% of 
the total catch of Fraser River sockeye each year. With the sign ing of the Pacific Salmon 
Treaty in 1985, a fixed portion of the total allowable catch of Fraser River stocks was to be 
allocated to the United States. Major benefits from thi s policy went to Canada which 

received the major portion of the total catch. 

Achieving the international catch-allocation objectives of the Treaty is the second priority 
(after escapement) of the Fraser River Panel during the fishing season. The Fraser River 
Panel manages those fisheries that occur within the Panel area (Fig. 34), while the DFO 
regulates fisheries in non-Panel areas of B.C. waters with the objective of ensuring that the 
combined fi sheries achieve both international and Canadian domestic allocation goals. 

Under the terms of the Treaty, the United States catch for the period 1989-1992 was 
limited to a maximum of 7,000,000 sockeye, plus adjustments for catch shortfall s of 94,000 
sockeye that occurred during the four-year management period ending in 1988. Within a 
given year, the United States could harvest up to a pre-determined percentage of the TAC 
(e.g. 34.2% of the TAC for sockeye in 1991). During 1992, the Canada/U.S. Treaty was not 
implemented due to lack of agreement between the two countries, and the U.S. exceeded 
their allocation as set by the Treaty. 

Domestic Allocation 

The achievement of domestic allocation goals of Canada and the United States is a major 
focus of in-season management. However, resource conservation, aboriginal obligations and 
international allocation goals take precedence over domestic allocation objectives when 
trade-offs among these three objectives are necessary. Beginning in 1985 , the Canadian 
domestic allocation goals for commercial catches have been set by gear type under the 
direction of the Ministerial Advisory Council, and later by the Commercial Fishing Industry 

Council (CFIC). The latest allocation guided by the CFIC, was a four-year plan for the 
1991-1994 fishing season, developed for the cOl11l11ercial harvest of salmon in B.C. waters. 
The allocation plan recognized the paramount importance of resource conservation; and 
ensured that allocations will be fair, will minimize uncertainty and conflict, will reflect 
historic and traditional fishing patterns, and will be consistent with Canada's obligations 
under the Pacific Salmon Treaty. The allocation plan reflected cycle-year averages in most 

cases, with commercial allocations expressed as percentage shares of the catch by gear type. 
Modifications to the sharing arrangement for Fraser River sockeye included a two-tiered 
sharing formula established during the allocation process. This was introduced to stabilize 
catches per vessel at levels that reflect traditional shares of the resource. 
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In order to ensure that the allocation objectives for the Fraser sockeye were fully realized, 
not only within a given year but also between years, a catch up I make up plan was 
establi shed in 1990. That is, if any gear type caught more than its allocation, then the excess 
catch would have to be repaid in the following years. 

Currently, the recreational sector is not managed to an allocation, and the recreational 
catch of Fraser sockeye has been relatively small to date. 

4.3 STOCK MONITORING 
Stock monitoring programs are an essential component in managing the fishery resource. 

Stock monitoring includes assessment of run size, timing and migration pathways; racial 
stock identification; and spawning escapement estimation of Fraser River sockeye (and 
pink) salmon stocks during the season. This information is vital for directing the 
management of the fisheries to attain annual escapement and catch allocation objectives. 

All catches from the commercial, test fi shery, native, U.S. and recreational fi sheries are 
used to estimate the in-season run strength. Commercial catch estimates can be derived from 
gear counts and catch per unit effort (CPUE) estimates, the latter obtained by dockside 
andlor on-water "hails". Test fi sheries are conducted primarily in Johnstone Strait, Juan de 
Fuca Stra it and Fraser River; and provide data before and after the commercia l fishing 
season and between fishing periods. Aboriginal food fishery catches in B.C. are estimated 
by local Fishery Officers, while sport catches of sa lmon in the Strait of Georgia are 
monitored regularly through the creel survey programs. The U.S. commercial and sport 
catches are likewise reported to their respective state and tribal fisheries agenc ies. The major 
monitoring programs are described below. 

Run Size Monitoring 

Run size estimation for Fraser River sockeye by stock group is based primari ly on catch, 
effort (vesse ls fi shing), racial composition and diversion rate data. This information is 
analyzed using CPUE estimates and cumul ative-normal model s as described below. 

The CPUE models relate run sizes in previous years to commercial or test fi shing catch 
and effort data from purse seine or gill net fisheries in Canadian Juan de Fuca Strait and 
Johnstone Strait. These regression models assume that run size is directly related to the 
magnitude of the largest daily or weekly catch of a particular stock group in each year, and 
that the migration pattern is consistent from year to year. Consequently, CPUE estimates are 
sensitive to unusual migration patterns. In-season, the current best estimates of catch, effort 
and racial composition are "plugged" into these model s to generate run size estimates, 
wh ich tend to stabili ze one or two weeks after the peak catch of a given stock group. 

Cumulative-normal models are essentially a combination of "accounting" and li near 
regression "comparative" programs. Estimates of catches and escapements for each stock 
group are accumulated for each day of migration. The numbers of these accounted fi sh are 
compared to estimates from normally-di stributed si mulated migrations. For each stock 
group, the observed abundance pattern is closely matched to the simulated migration which 
then represents esti mates of both run size and timing. As with the CPUE models, these 
estimates are sensitive to unusual migration patterns. 
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Racial Stock Identification 

As in past years, the PSC staff has conducted programs designed to identify the racial 
contributions of Fraser River sockeye salmon in both commercial and test fishing catches. 
Data collected from the racial identification programs provide information on the abundance 
and timing of Fraser River sockeye stocks as they migrate through coastal waters en route to 
the Fraser River. Stock identification is also required to determine the catch of Fraser stocks 
in both the Panel Area and the non-Pane l Area waters. Through a regular sampling program, 
scale analysis is conducted to identify stocks and determine the age and size of sockeye 
taken in the Johnstone Strait, West Coast troll and Area 2W (Queen Charlotte Islands) 
fisheries , as well as Noyes Island fishery in S.E. Alaska. The 1991 racial identification 
program is detailed below. 

The 1991 Racial Analysis program used scale analysis and other characteristics to identify 
throughout the season the major stock groups of Fraser River sockeye in mixed-stock 
fishery samples. Age-specific stock classification model s were developed from prior years' 
spawning ground data and, based on these models, 2 1 separate stocks were amalgamated 
into 11 stock groups. Each stock group consisted of one or more individual stocks exhibiting 
similar scale traits and migration timing. 

Linear discriminant function analysis (statistical method which combines mutiple 
measurements to distinquish stock groups) was used to determine which individual sockeye 
stocks combine to form stock groups and, subsequently, to estimate the contribution rates of 
each stock group in mixed-stock fishery samples. To identify the Fraser sockeye catch by 
stock group, four scale variables were selected from the freshwater growth zone of 
individual scales sampled from a given fish. The scale variable data were supplemented with 
information about age compos ition, fish length, as well as hi storical patterns of stock­
specific timing and behaviour. In northern British Columbia and southeast Alaska, fish 
length was used as a discriminating variable for the in-season analysis. 

The use of scale characteristics from the freshwater growth zone of scales is useful in the 
racial identification of sockeye because these characters are shaped by environmental 
conditions and population densities within each sockeye nursery lake. Annual sampling of 
spawning ground populations is conducted to generate "learning standards" for the 
formation of annual stock groupings and for post-season revision of in-season analyses. 

In 1991 , sca le analysis of commercial and test fishing catches was conducted daily 
beginning in late June and continuing through early October. Commission staff sampled 
commercial sockeye landings at sites in Bellingham, Blaine, Vancouver, Steveston, Ucluelet 
and Winter Harbour. Commercial sockeye landings in northern area fisheries were sampled 
by DFO staff at Prince Rupert and Masset, and by Alaska Department of Fish and Game at 
Petersburg and Ketchikan. In total, approxi mately 32,000 sockeye scales were aged and 
digitized to obtain readings for the four scale variables. Samples were analyzed for Fraser 
River stock contributions and the resulting estimates were multiplied by the catch in each 
fishery to generate catch summaries by stock group and area. 

Migration Pathways I Timing 

Assessment of migration routes and return timing is an integral part of sockeye 
management. The Fraser sockeye return to the River via two significantly different migration 
routes: the more northerly route via Johnstone Strait and the southern route via Juan de Fuca 
Strait, the latter reached by migrating around Vancouver Island (Fig. 4). This difference in 
migration routes is commonly referred to as the diversion. Exploitation of Fraser River 
sockeye between these two areas can be significant depending on the abundance of fish 
returning via each route. Hamilton (1985) found a sign ificant correlation between diversion 
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through Johnstone Strait and changes in water temperatures off Vancouver Island. 

Migration timing of Fraser sockeye is initially forecast based on environmental factors, 
such as sea surface temperatures (Blackbourn 1987). These data are correlated with the Gulf 
of Alaska temperature data, resulting in the estimation of stock timing. Stock timing is 
further confirmed by routine fish sampling for racial stock identification. 

Escapement Monitoring 

During the fi shi!1g season, the PSC provides estimates of the overall Fraser sockeye 
escapement. The upstream passage of sockeye adults in the lower Fraser River is monitored 
by echo sounding at Mission (Fig. 2), while estimates of daily gross escapements are 
derived by combin ing the above echo-sounding data on abundance with information on 
species composition from gillnet test fi shing at Cottonwood (static tical sub-area 29- 13). 
Daily visual observations at Hell's Gate (Fig. 2) supply information on the success of 
upstream fish passage. 

The annual sockeye (and pink salmon) escapements to the Fraser River spawning grounds 
are estimated by the DFO, using mark recapture programs and visual surveys in the rivers. 
These data along with the biological samples from the spawners, are provided to the Fraser 
River Panel so that the PSC staff can revise in-season racial analyses, estimate total 
production for each stock, and assess PSC programs for stock monitoring. 

4.4 SOCKEYE MANAGEMENT AND FISHERY CATCHES 
Fraser River sockeye migrating along northern and southern approach routes to the Fraser 

River are harvested in a number of fisheries (Fig. 34). The major Canadian commercial 
fisheries on these stocks are the troll fishery off the West Coast of Vancouver Island, purse 
seine and gi llnet fisheries in the Johnstone and Juan de Fuca straits, and the gillnet fishery in 
the Fraser River. Smaller commercial catches of Fraser sockeye are taken in northern and 
central B.C. and within the Strait of Georgia. The principal U.S. fisheries harvesting Fraser 
River sockeye are the net fisheries in Juan de Fuca Strait, the San Juan Islands area, and off 
Point Roberts (Fig. 34), with some Fraser sockeye also taken in southeast Alaska. Sockeye 
are harvested in Aboriginal food fisheries throughout the Fraser watershed. The Canadian 
sport catch of Fraser sockeye is relatively small at present. 

Prior to 1914, catches of Fraser River sockeye in the dominant cycle years (1901-05-09-
13) exceeded 20 million in each of these cycles. Between 1916 and 1949, the runs were 
drastically reduced due to the combined effects of the blockage to migration in Hell's Gate 
Canyon, dams across the Nad ina, Quesne l and Lower Adams rivers, and ovelfishing. The 
recovery of the runs and catches was relatively slow for many years but rebuilding of 

Canadian Sport 

Canadian Commercial 
72.2% 

Aboriginal Catch 6.2% 

U. S. Catch 
/' 21.5% 

Fig . 35. Average percent catch distribution of Fraser River sockeye salmon, by major 
user and country, 1981-1992. 
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summer runs followed 
the construction of 
fishways at Hell 's Gate 
in 1945 and at other 
areas of difficult 
passage; this was aided 
by more conservative 
management practices 
than previously 
prevailed. The increase 
in the total run sizes and 
the signing of the Pacific 
Salmon Treaty have 
resulted in a steady 



increase in the commercial catch since the late 1960s and in particular since 1985 (see 
below). The Treaty insured that Canadian enhancement efforts would benefit Canada; 
consequently significant 
enhancent has occurred 
since 1985. 

From 1990 to 1993, the 
total annual catch of 
Fraser Ri ver sockeye has 
averaged 11.3 million, 
with approximately 18 0/0 
taken by the United 
States and the remainder 
by Canada (Table 1, p. 
6). Figure 35 shows the 
average catch 
distribution of Fraser 
River sockeye among the 
major user groups for the 
1981-1992 period. The 
Canadian commercial 
fishery took 720/0 of the 
catch, the U.S. fishery 
took 220/0, and the 
Canadian native fishery 
60/0 . The historical 
catches of Fraser River 
sockeye by major user 
group and country are 
shown in Figure 36. 
Canadian catches have 
increased considerably in 
the last 20 years, with 
record-high commercial 
catches reported in 1989 
and 1990; however, the 
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Fig. 36. Fraser River sockeye catches by user group and country, 
1961-1992. 

U.S. catches have remained relatively stable. 

North Coast Fishery 

The majority of Fraser sockeye catches in the North Coast fi shery (Areas 1- 10) are taken 
west of the Queen Charlotte Islands, using seine and troll gear. Catches of Fraser sockeye in 
this area are significant in years of high northern diversion when migration routes are more 
northerly and closer to the B.C. coast. In 1990, a record catch of one million Fraser sockeye 
was harvested in that area (Fig. 37). 
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Fig. 37. Fraser sockeye catches by major Canadian fishery, 1961 - 1992 

WCVI Troll Fishery 

The West Coast 
Vancouver Island troll 
fi shery (Areas 20-27) is 
the first major fishery 
that targets on the 
returning Fraser River 
sockeye (and pink) 
salmon. This fishery can 
be a signiFicant harvester 
of these stocks, 
espec ially in years of 
high sockeye abundance 
and a low nOithern 
diversion rate. At such 
times, trollers shift their 
effort from their 
traditional targets on 
chinook and coho 
salmon to sockeye (and 
pink) salmon. Major 
catches of Fraser 
sockeye in the WCVI 
troll fishery are taken in 
earl y to mid-August, and 
the largest catches 
consistently occur in the 
Adams cycle years. The 
catch of 2.3 million 
sockeye harvested in this 
fishery in 1982, was the 
highest on record (Fig. 
37). 

Fishing plans are 
developed in pre-season 
meetings with the 
Outside Troll Advisory 

Committee (OTAC) and the in-season management is conducted by the OFO. Management 
goals for thi s fi shery include keeping troll harvest of chinook and coho within the catch 
ceilings specified by the Pacific Salmon Treaty, obtaining domestic all ocation targets for 
Fraser River sockeye (and southern bound pink salmon), and upholding the economic 
benefits to the troll fleet and coastal communities. The start of the WCVl troll fishery on 
sockeye is generally preceded by a coastwide closure to all outside troll licence holders in 
order to prevent illegal fi shing for sockeye. 

Johnstone Strait - Sabine Channel Fishery 

The Johnstone Strait - Sabine Channel fi shery encompasses Statistical Areas 11 - 16 (Fig. 
34). This fishery has been the major Canadian harvester of Fraser sockeye in the last 15 
years, with catches increasing since the late 1970s (Fig. 37). In 1989, a record 5 million 
Fraser sockeye were taken in thi s fishery. 
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The Johnstone Strait fi shery is directed during the summer primarily at the dominant 
Fraser sockeye stocks (and pink stocks in the odd years) approaching the Fraser Ri ver via 

the northern route. Consequently, the catch in this fi shery is highly dependent on the 
diversion rate of these stocks. The Johnstone Strait fishery operates within Statistical Areas 
II , 12 and 13, which are managed as a unit. These areas are open simultaneously except 
when there are specific closures to protect local stocks. All three gear types (seine, gillnet 
and troll) fi sh in the Johnstone Strait fishery. The seine fi shery accounts for the majority of 

the catch. 

The current fishing pattern for the Johnstone Strait fishery was established between 1978 
and 1986 in consu ltation with fishermen. The management actions are designed to reduce 

the incidental catch of non-target stocks and species , and include: reduction of fishing times, 
area closures, fi shing gear restrictions, and in some cases, non-retention. Since fishing in 
Johnstone Strait is mainly by net gear, troll management actions for this area have been 
dictated historically by concerns for allocation. Consequently, trolling in Johnstone Strait 
may depend on catch ceilings or allocations within the troll group. 

The Sabine Channel net fi shery is located in the Strait of Georgia (Area 16) between 
Texada and Lasqueti islands. Historically, this fishery has targeted on surplus Fraser sockeye 
(and pink) salmon prior to their entering the Fraser River terminal area. Management goal 
for the Sabine Channel fi shery is to increase the interception of Fraser River stocks without 
increasing the interception of other stocks migrating tlu-ough Johnstone Strait. The fi shery is 
currently managed simultaneously with the Johnstone Strait fi shery, and consists largely of 
seine catches . Fishing times are generally limited to less than three days each week, and 
more commonly between 12 hours and one day each week. 

Juan de Fuca Strait Fishery 

The Juan de Fuca Strait net fishery operates in Statistical Area 20. Area 20 east of 
Sheringham Point, as well as Area 19, are closed by regulation to conu-nerciaJ fi shing. The 
Juan de Fuca Strait fishery is directed at Fraser sockeye (and pink) stocks approaching via 
the southern route. Thi s fishery also intercepts chinook and coho salmon of Canadian and 
U.S. origin. Both seines and gillnets fi sh in the Juan de Fuca Strait fishery, with se ines 
taking the majority of the catch. Catches of Fraser River sockeye in this fishery have 
fluctuated considerably over the years, with a maximum of 3.4 million fish recorded in each 

of 1989 and 1990 (Fig. 37). 

Management of the Juan de Fuca fi shery is coordinated with management of the U.S. net 

and Fraser Ri ver fisheries by the Fraser Panel of the PSc. This is a highly efficient fishery, 
and openings and closures are carefully conducted to ensure that sufficient fi sh are available 
for the U.S . and Fraser River fisheries, and that the international allocations, as set by the 
Treaty, are met. Although the incidental harvest of non-target stocks is unavoidable, 
management actions are taken to reduce the by-catch. These actions include: adjusting the 
timing of the fi shery ; relocating the fi shing fleet to avoid areas of increased chinook catch; 
implementing a "30 fathoms line closure to shore" for seine vessels to reduce chinook and 
coho catches in the beach areas; and regulating seine net bunt sizes to conserve juvenile 

salmon. 

Strait of Georgia Fishery 

The Strait of Georgia fishery includes Areas 17-18 and 29 (Fraser River). Thi s fishery is 
directed at Fraser River sockeye (and odd-year pink) stocks, and is primarily a gillnet 

fishery; however, some trolling and seining is also conducted occasionally. The gillnet fleet 
was first introduced to the Fraser River area in the mid-l860s, at the time when canneries 
were first being built. Total commercial catches of Fraser River sockeye in the Strait of 
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Georgia fishery have averaged under one million during the 1960s and 19705, but have 
reached a record high of 3.4 million fish in 1990 (Fig. 37). 

The Fraser River fishery is managed in conjunction with the Juan de Fuca and the U.S. net 
fisheries by the Fraser Panel of the PSc. In addition, the DFO ensures coordination between 
this fishery and the Fraser River aboriginal fishery. The Fraser River fishery harvests salmon 
that migrate to the Fraser River from both the north and south approach routes. Early-run 
fish are harvested primarily by gillnets in the main river channel from the mouth to 80 km 
upstream. Late-run stocks are harvested either in the river or off the river mouth in the 
shallow areas of the estuary. 

The Fraser River fishery is very efficient and is capable of capturing a high proportion (ie. 
90%+) of the fish available in the area during the opening. The late-run sockeye hold off the 
mouth of the river in deep water for several weeks prior to migrating upstream. Past gillnet 
openings in these areas have resulted in low harvest rates. However in 1986, a seine fishery 
was opened in these areas because a harvestable surplus was identified and domestic 
allocations for the seine fleet had not been met. A catch of over 700,000 fish was taken 
within a few hours. 

Although the Fraser River fishery is directed at the dominant sockeye (and pink) stocks, 
interception of minor sockeye stocks, chinook, chum, coho and steelhead also occurs. 
Management of this fishery has been directed primarily at reducing interceptions of chinook 
salmon because of declining abundance of these stocks. Changes in management include: I) 

a reduction in total fishing days, 2) elimination of early openings that were specifically 
directed at chinook salmon, and 3) restrictions on establishment of maximum net size 
regulations. These measures have been successful in reducing the catch of chinook salmon 
in the Fraser River fishery. 

The inside troll fishery operating in the Strait of Georgia usually targets on chinook and 
coho salmon, and is not a major harvester of sockeye (or pink) salmon. Fishing plans are 
developed in consultation with the Inside Troll Advisory Committee (TTAC), and catches are 
limited by allocation agreements. Currently, this fishery is managed intensively on a week 
by week basis using time and area closures. Retention of non-target species may be 
governed by size limit restrictions and non-retention regulations. 

Aboriginal Food Fishery 

The Fraser River sockeye are of paramount importance to the Fraser River aboriginal food 
fishery, the largest native fishery on the South Coast. Catches are taken throughout the 
Fraser watershed, with limited sockeye catches also taken in outside areas, primarily 
Johnstone Strait. Annual in-river catches have increased substantially since the mid- 1970s 
and have frequently exceeded 400,000 sockeye since 1980 (Fig. 36). The average in-river 
catch of sockeye for the 1990-1993 period was estimated at 655,000 fish (or about 6% of 
the commercial catch for the same period), with a record high of 808,000 sockeye reported 
in 1990. An additional 114,000 Fraser River sockeye were caught in the aboriginal food 
fisheries outside the Fraser River, with about half of this taken by purse seine fisheries in 
Area 29 during September. 

Canadian law dictates that the aboriginal food fishery is second in priority following the 
conservation of salmon stocks. The traditional aboriginal food fishery is managed to meet 
the food , ceremonial and social needs of aboriginal people. Recent decisions by the 
Government of Canada have given the lower Fraser River aboriginal fishing sector greater 
access to the overall catch and the right to sell the catch if they choose. These negotiations 
are conducted annually under the Aboriginal Fisheries Strategy. 

Many of the aboriginal food fi sheries in the Fraser River are mixed-stock fisheries, and the 
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exploitation rate on some stocks is extremely high. Thi s is particularly evident for the earl y­
run sockeye stocks that migrate far upri ver through a gauntlet of native fi sheries. The 
abori gi nal fi shery can harvest well over 50% of the entering ru n abundance, particu larly 
during peri ods of low abundance. [n several years during the 1960- 1988 period, Fraser River 
aboriginal fi sheries were closed for 2 or 3 weeks to protect the earl y Stuart sockeye run. 

In Johnstone Strait, Indian food fi sheries generally involve the use of commercial fishing 
gear. These fi sheries are regul ated through the issuance of free- food fishing permits which 
may specify fi shing area, gear type, fi shing ti me, harvestable species and quanti ty of fish 
that may be taken. The fi sheri es are generally managed by li miting the fishing time to 
periods that allow adequate harvest. 

Sport Fishery 

Sport catch of Fraser sockeye is relatively minor at present (Fig. 36). The majority of the 
sport catch is taken in the southern portion of the Strait of Georgia, with minor catches in 
the Johnstone and Juan de Fuca straits. [n recent years, sport fis heries on sockeye have also 
been conducted on a trial basis in the non-tidal portion of the lower Fraser River and in the 
Thompson Ri ver. Sport catch is generally regulated by dail y and annual bag limits, size limit 
restrictions, and time and area closures. In 1990, a maximum of 3 1 ,000 Fraser sockeye were 
estimated to be caught in the total Canadian sport fi shery. For the 1990- 1993 period, the 
annual catch of sockeye in the Victoria and Vancouver fi shing areas was reported at less 
than 1,000 pieces (Strait of Georgia Creel Surveys, DFO, unpub!. data). At present, there is 
a very acti ve recreational fishery directed at Fraser sockeye in the approach waters and in 
the lower ri ver. The majority of this catch consists of the late run stocks (Adams) which 
hold for some time in the estuary areas. Whil e the catch from this fi shery is relative ly small 
compared to the total run, increased effort may be expected in the near future as access to 
o ther species is reduced. 

U.S. Fishery 

The three U.S. fi sheries in the Panel Area directed at passing Fraser sockeye (and pin k) 
salmon are located in Washington waters of the U.S. side of Juan de Fuca Strait, Salmon 
Banks and Point Roberts (Fig. 34). In additi on, interception of Fraser River sockeye has 
been identified in Alaskan District [04 fis heries in 1983 and onward . For the [989- 199 1 
period, the cumul ative U.S. catches of Fraser sockeye were 6.2 million in the Panel Area 
and 525,000 in the Alaska waters, for a total of 6.7 million fi sh. In 1990 alone, 2.4 mill ion 
o f the total U.S. catch of Fraser sockeye was taken in the Washington commercial fisheries, 
with a record of 25 1 ,000 caught in the Alaska fisheries (Fig. 36). In 1991 , the U.S. 
fi shermen caught 1.9 million Fraser Ri ver sockeye, including 5 1,000 in the Alaska fi sheries . 

The U.S. Washington fisheries are managed by the Fraser Panel of the PSC, in conjunction 
with the Canadian Juan de Fuca Strait and the Fraser River fisheries. The management 
objecti ves for the U.S. fisheries incl ude escapement requirements, achi evement of the U.S. 
share of the Fraser Ri ver sockeye (and pink) catch, as stated in the Pac ifi c Salmon Treaty, 
and domestic catch all ocati on objecti ves for Treaty Indian/non-Treaty users, intertri bal, and 
gear groups. These U.S. fisheries are bri efl y described below. 

The U.S. Juan de Fuca fi shery is a minor fi shery that harvests modest numbers of sockeye 
because the majority of the fi sh migrate along the Canadian side of the Strait. The Salmon 
Banks fi shery is a diffuse fi shery that has no set fishing pattern because the mi gration routes 
o f the fi sh tend to vary. However, catches are substantiall y greater than in the U.S. Juan de 
Fuca fi shery because the Fraser sockeye mi grate through the area. The Point Roberts fishing 
a rea receives limited numbers of migrating sockeye because the first opportunity to harvest 
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these stocks is in the Salmon Banks fi shery. The fleet directs its initi al effort throughout the 
Point Roberts area (Area 7 A) to capture the avai lable migrating fi sh. Later in the season , the 
fl eet moves to form a line at the entrance to the area, along the Canad ian border, to harvest 
Fraser River fish that are holding at the mouth of the Fraser River. Typically, the area off the 
west side of Point Roberts is closed to fisheries in order to conserve delaying fish which 
may move back and forth across the International Boundary. 

Incidental Catch of Other Stocks and Species 

Most of the incidental catches of other stocks and species that occur during the fisheries 
targeting on passing Fraser River sockeye (and pink) stocks are taken in the Johnstone Strait 
and Juan de Fuca Strait interception fisheries, and in the Fraser River terminal mixed-stock 
fi shery. Incidental catches include other Canadian sockeye, pink, summer chum, chinook, 
coho and steel head stocks, as well as passing U.S. stocks. Minor interception of fall chum 
stocks also occurs during the later sockeye fisheries. The degree of interception depends on 
the migration routes and timing of the non-target stocks relative to the dominant stocks 
targeted by the fishery. 

The catch of non-targeted species, since the signing of the Pacific Sa lmon Treaty, has been 
a major concern in planning fisheries. Management actions to conserve chinook, coho and 
steel head in the major commercial fi sheries include area and time closures, gear res tictions 
and non-retention. The actions for time c losures include reduct ion in fi shing time and 
eli mi nation of early season fisheries. Managment actions on area closures foc us on closing 
areas wh ich contain high proportions of incidental species. In the past, these closures have 
consisted of corridor closures ("Ribbon Boundary" - Johnstone Strait) and shore line 
boundaries (30 fathom shoreline - Juan de Fuca Strait). Other actions aimed at conserving 
non-target species are non-retention of incidental species and gear restrictions to allow 
immature salmon to escape (ie. seine bunt size mesh restriction). 

Many of the aboriginal fi sheries in the Fraser River are also mixed-stock fi sheries. 
Although the exploitation rate is extremely high for some stocks, effort has been limited to 
protect some of the early ru ns that migrate up ri ver through a series of fis heries, (e.g. Early 
Stuart sockeye stock and early run chinook stocks). 

5.0 ENHANCEMENT 
Enhancement of the Fraser River sockeye stocks was first attempted in 1884 when the Bon 

Accord hatchery was constructed at Port Mann, B.C. (Aro 1979). Several other hatcheries 
have been constructed between 1901 and 1917, and an average of 48 million eggs were 
taken annuall y either for incubation and subsequent planting in the gravel, or for release as 
fed or unfed fry (Forester 1968). During these earl y enhancement efforts, little was known 
about the very specifi c adaptations of individual sockeye stocks; consequently eggs and fry 
of different stocks were indiscr iminately transferred throughout the Fraser River watershed 
(Aro 1979). The rationale at the time was to rebuild the dep leted upper Fraser Ri ver sockeye 
stocks by transplanting to the upper Fraser the fertilized eggs from the lower Fraser stocks. 

In 1922, the Royal Commission on British Columbia Fisheries formally questioned the 
benefi ts of these early hatchery operations and requested a sc ientific eva luation. Accordingly 
in 1925, the Biological Board of Canada commenced studies at Cultus Lake to address this 
question. The studies showed that the benefits attributable to artificial propagation of 
sockeye were at best minor, and that the number of sockeye ad ults produced through 
enhancement had been negligible. Consequently, all sockeye hatcheries were closed in 1937. 
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Subsequent investigations by the former [nternational Pacific Salmon Fisheries Conunission 
(IPSFC) have shown that obstructions to fish passage, particularly in the Hell 's Gate canyon, 
were the principal cause for the decline of the runs (IPSFC 1972). During the 1940s to 

1960s, a number of projects dealing with obstruction removal and fi shway construction were 
undertaken. These resulted in improved access to the upper Fraser River (Roos 1991), 
allowing the stocks to rebuild. 

[n 1947, futher rehabilitation efforts were made on the Horsefly River sockeye stock, and a 
number of transplants conducted at various systems but with little success. During the 
1960s, the [PSFC initi ated the construction of several spawning channels in order to rebuild 
specific stocks (Cooper 1977). Spawning channels were built on Weaver Creek (1965) , 
Gates Creek ( 1968) and Nad ina Ri ver ( 1973). The Weaver and Gates Creek spawning 
channels now account for a significant portion of sockeye production in these areas. 
However, the Nadina River spawning channel has not been successful in rehabilitating this 

stock. Since 1988, the DFO has constructed spawning channels on the Horsefly and Ch il ko 
rivers; however, additional data are required to evaluate these facili ties. The enhancement 

capacity of the above sockeye facilities is sununarized below. 

SOCKEYE SPAWNING 

CHANNEL 

Weaver Creek 

Gates Creek 

Nad ina River 

Horsefly River 

Chilko River 

DESIGN CAPACITY 

No. Female Spawners 

19,000 

9,000 

14,400 

I 1,700 

9,000 

Expected Total Adults 

330,000 

100,000 

125,000 

180,000 

138,500 

Lake fertilization has been successful in enhancing soc keye populations in some coastal 
lakes (Stockner and Hyatt 1984). Consequently, pre-enrichment surveys have been 
undertaken in several Fraser River watershed lakes, in particular, the Chilko, Shuswap and 
Quesnel lakes. Enrichment ofChilko Lake was conducted in 1988 and 1990-1993. The 
results have been encouraging, with the exceptionally strong adult returns in 1993 attributed 
in part to the enrichment efforts (Appendix 2). Assessment of future return years is required 
to refine this enhancement technique. 

The enhancement technology for salmon has advanced significantly since the early 1980s 
and continues to be improved. This technology may serve as a valuable tool for rebuilding 
the Fraser River sockeye stocks, especially since they are showi ng the potential for higher 
abundance levels. 
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6.0 ASSESSMENT OF THE PRODUCTION POTENTIAL FOR 
REBUILDING FRASER RIVER SOCKEYE STOCKS 

Four independent approaches were taken by the DFO task force to assess the production 
potenti al of Fraser Ri ver for sockeye rebuilding: 

I. A review of hi storical catches and run sizes, 

2. Examination of the relationship between spawners and subseq uent returns (stock recruit 
analysis), 

3. An assessment of spawning capac ity, and 

4. An assess ment of lake rearing capac ity. 

6.1 HISTORICAL CATCH REVIEW 
The historical information indicates that between 1901 and 19 I 3, catches of Fraser River 

sockeye on the 1993 cycle line were 22-32 million fish, while catches on the other three 
cycles were much lower (Fig. 38). At present, the most abundant cycle lines occur on 
different cycles, depending on the stock (Appendix I). If the estimated historical catches of 
Fraser sockeye are conservative, as Ricker ( 1987) believes, then the potenti al to rebuild 
sockeye runs to 30 million or more, on at least one cycle, seems consistent with the 
histori cal data. 
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Fig. 38. Historica l catches (J 894-1992) of Fraser River sockeye based on canning production records 
(prior to 1946) and landing reports subsequentl y. 

6.2 STOCK RECRUIT ANALYSIS 
Stock recruit analysis involves the use of mathematical methods to study the relationship 

between spawners and the resultant returns. The analys is can be used to estimate the level of 
escapement resulting from maximum sustained catches. The basic premise of stock recruit 
analysis is that salmon produce more offspring than necessary to perpetuate the species. By 
understanding this relationship it is poss ible to pred ict the "optimal" escapement level for 
each stock or stock group, and the allowable sustained harvest. The methodo logy will also 
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predict the rebui lding potential of the stocks. Stock recruit analysis was carried out on the 
data for all those Fraser River sockeye stocks which had sufficient information for the 1948-
1987 period. All cycle years were combined in the analysis since the data were insufficient 
to analyze the individual cycles. Table 2 summarizes the results for the nine stocks or stock 
aggregates. 

Table 2. Optimum escapements and expected total returns for nine Fraser River sockeye 
stock groups, based on the stock recruit analysis. 

STOCK OPTIMUM EXPECTED 

GROUP ESCAPEMENT RETURN 

EARLY STUART 270,000 800,000 

EARLY MISC. 195,000 860,000 

LATE STUART 342,000 1,230,000 

CHILKO 667,000 2,250,000 

STELLAKO 346,000 1,140,000 

BIRKENHEAD 107,000 590,000 

ADAMS/S HUSWAP 4, 161,000 13,010,000 

WEAVER 19,000 360,000 

LATE MISe. 65,000 240,000 

TOTAL 6, 172,000 20,480,000 

The above analysis indicates a total optimum escapement of approximately 6.2 million 
sockeye spawners of which nearly 4.2 million are from the Adams/Shuswap stocks. The 
average total return generated by this level of escapement was predicted to be in the order of 
20 million sockeye. The above estimates do not include the Quesnel Lake or Upper Adams 
stocks which presently have insufficient data to develop stock recruitment relationships. The 
Quesnel Lake stocks (Horsefl y and Mitchell rivers) have produced up to 12 million sockeye 
(1985 brood returns, Figs. 12, 13), while the Upper Adams River stock probably was a 
major producer in historical times. If the production from these latter stocks were included, 
then the production potential of the Fraser River watershed wou ld likely be in excess of 30 
million sockeye. Whether this level of production can be realized annually or on ly once 
every four years is presently unknown. 

Cass ( 1989) concluded that, for the stocks he analyzed, the stock-recruitment relationship 
and hence also the "optimal" escapement estimates, showed a considerable uncertainty in 
the database. As a result, further experimentation would be req uired to define these 
relationships. However, his analysis indicated that an enormous potential exists for 
rebuilding the Fraser River sockeye stocks, especially on the off-year or non-dominant 
cycles of the major stocks. If a single spawner-return curve is appropriate for the Fraser 
Ri ver sockeye stocks, then the stocks are being overfi shed, and the potential to rebuild the 
less abundant cycles is large. It is generall y agreed that increas ing production on off-cycles 
requires decreasing production on the present dominant cycles. 
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6.3 POTENTIAL SPAWNING CAPACITY ANALYSIS 
Estimates of usable spawning grounds were made for 80 sockeye spawning areas by 

analyzing data collected by the Fonner lPSFC. Optimum spawning densities were computed 
for index streams within each of the four bio-geoclimatic zones. These densities were then 
applied to the estimates of usable spawning areas for individual streams throughout the 
Fraser River watershed. The entire Fraser River watershed was estimated to have 5.5 million 
m2 of usable gravel capable of supporting 12 million sockeye spaw ners (Appendix 3). 
Assuming an average of three surviving offspring per spawner, the spawning grounds of the 
Fraser River watershed would have the capacity to produce average runs of 36 million fi sh. 
Since not all stocks are dominant on the same cycle, it is unlikely that the entire spawning 
area would be filled to capacity each year. Consequently, a lower average production would 
be expected. Field observations indicate that, while many spawning areas are presently 
under-utili sed, other areas appear to be filled to capacity in some years. In fact, in a few 
instances, the recorded escapements have been well above the calculated capacity estimates. 
Future returns should clarify whether these field observations are correct, thereby helping to 
determine the optimum escapements. 

6.4 POTENTIAL LAKE REARING CAPACITY ANALYSIS 
The lake rearing capacity for sockeye salmon was estimated using two methods. The first 

involved the examination of the relationship between the sockeye fry growth and survival , 
and the rearing conditions (water temperature, food supply and population density). The 
second method invol ved the relationship between the potential adult production and the 
volume of water in which photosynthesis occurs (euphotic zone volume). 

Using the first method, the total sockeye rearing capacity of the Fraser River watershed 
was estimated to be eq ui valent to numbers of fry produced by 32 million spawners 
(Appendix 4) or about three times the estimated spawning capacity of the Fraser watershed 
(see above). Again, assllllljng an average of three survi ving offspring per spawner, the 
spawning grounds of the Fraser River watershed would have the capacity to produce 
average runs of approximately 100 million fi sh. Comparing appendices 3 and 4 shows that 
all lakes, with the possible exception of Nahatlatch and Kamloops, have fry rearing 
capacities that exceed the fry production potential of the associated spawning grounds. The 
lakes with the greatest potential for rearing larger populations of sockeye juveniles are the 
Harrison, Quesnel, Francois, Stuart and Talda lakes. 

The estimation of the lake rearing capacity, based on the euphotic zone method, produced 
results consistent with those obtained using the first method. This is encouraging as both 
analyses predict a similar rebuilding potential. 

6.5 SUMMARY OF REBUILDING POTENTIAL 
The results of the four approaches used to estimate the potential run sizes of Fraser River 

sockeye are summarized below. 

ASSESSMENT METHOD 

Historical Review 

Stock Recruit Analysis 

Spawning Capacity Analysis 

Rearing Capacity Analysis 

POTENTIAL RUN SIZE 

30 million (minimum) on at least one cyc le. 

20 million (excluding Quesnel and Upper Adams). 

36 million. 

100 million. 

In conclusion, all four approaches strongly indicate that, theoretically, the Fraser River 
watershed has the potential to produce sockeye runs which would be substantially larger 
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than the present returns of approximately 16 million (Table I, p.6). The question of whether 
such large runs can be sustained on all four cycles remains to be answered. The strong 

cyclic pattern of returns presently observed in the sockeye stocks, will likely be maintained 
in the near future (e.g. next 20 years). Regardless of the cyclic patterns, it is believed that 
the production of Fraser River sockeye stocks can be increased on the less abundant cycle 
lines if the rebuilding strategies can be implemented successfully. 

To begin the rebui lding process, interim escapement goals were developed in 1987 for 
each stock and cycle by considering cutTent stock levels, estimated optimum levels based on 
stock- recruit analysis, and habitat capacity esti mates and profess ional judgement. Generally, 
the interi m goal for the dominant and sub-dominant cycles equals the habitat capacity 
estimates and is similar to the stock recruit esti mates. In the off-cyc le, where a large 
difference exists between the optimum and cu rrent levels, professional judgement was the 
main factor in developing the goal. These goals for the off-cycles are regarded as minimum 
estimates and are not technically supported. Appendix I compares for each of the major 
Fraser River sockeye stocks, the recent mean escapement on the dominant cycle with the 
current interim escapement goal for that cycle. For the combined stocks, the recent overall 
escapement was 4.3 million compared to the overall interim mean escapement goal of 8.8 
million. Some of the original goals have been modified based on new information. The 
current goals by cyc le year are shown in Appendix 5 for each stock group and major river. 
Recent high escapement levels in some cycles will provide additional information needed to 
assess these goals. 

7.0 ACKNOWLEDGEMENTS 

The Fraser River Action Plan - Fishery Management Group would like to thank the 
foll owing reviewers for their valuable contributions to thi s repo,1: Mr. B. Guerin, Mr. J. 

Hill , Ms. R. Kendall , Mr. J. Nichol - Fishing Industry Advisors; Dr. J.e. Woodey - Pacific 
Salmon Commission. 

Appreciation is extended to contract services: G. Berezay, A. Fedorenko, G. Hudson and 
Neo Graphics for editing and publishing. 

43 



8.0 REFERENCES 

Andrew, J.H. and T.M. Webb. 1987. Review and assessment of adult sockeye salmon 
enumeration programs on the Fraser River. Final report for DFO, ESSA-Environmental 
and Social Systems Analysts Ltd. , Vancouver, B.C. 78 p. and 67 p. appendices. 

Aro, K.V. 1979. Transfers of eggs and young of Pacific salmon within British Columbia. 
Fish. Mar. Servo Tech. Rep. 861: 145 p. 

Birtwell, I.K., M.D. Nassichuk and H. Beune. 1987. Underyearli ng sockeye salmon 
(Oncorhynchus nerka) in the estuary of the Fraser River. In: Smith, H.D. , L. Margoli s 
and c.c. Wood (Eds.). 1987. Sockeye salmon (Oncorhynchus nerka) population biology 
and future management. Can. Spec. Pub!. Fish. Aquat. Sci. 96: 486 p. 

Blackbourn,D.J. 1987. Sea surface temperature and the pre-season prediction of return 
timing in Fraser River sockeye salmon (Oncorhynchus nerka). p. 296-306. In : H.D. 
Smith, L. Margoli s, and c.c. Wood (Eds.) Sockeye salmon (Oncorhynchus nerka) 
population biology and future management. Can. Spec. Publ. Fish Aq uat Sci. 96. 

Brannon, E. 1972. Mechanisms controlling migration of sockeye sa lmon fry. Int. Pac. 
Salmon Fish. Comm. Bull. 21: 86 p. 

Burgner, R. 1991. The life history of sockeye salmon. p. 1-117. [n: Pacific Salmon Life 
Histories. (Eds.) C. Groot and L. Margolis. UBC Press. Vancouver, B.C. 

Cass, A.J. 1989. Stock status of Fraser River sockeye. Can. Tech. Rpt. Fish. Aquat. Sci. 
1674: 106 p. 

Cass, A.J. and C.c. Wood. 1994. Evaluation of the depository fi shing hypothesis as an 
explanation for population cycles in Fraser River sockeye salmon (Oncorhynchu s nerka). 
Can. J. Fi sh Aquat. Sci. Vol. 51: 1839- 1854 

Clarke, W. c., J. E. Shell bourn and J. R. Brett. 1981. Effect of artificial photoperiod 
cycles, temperature and salinity on growth and smolting of underyearling coho 
(Oncorhynchus kisutch), chinook (0. tshawytscha) and sockeye (0. nerka) salmon. 
Aquaculture 22: 105-116. 

Cooper, A.C. 1977. Evaluation of the production of sockeye and pink salmon at spawning 
channels and incubation channels in the Fraser River system. Internat. Pac. Salmon Fish. 

Comm. Prog. Rep. 36: 80 p. 

Foerester, R.E. 1968. The sockeye sa lmon. Bull. 162, Fish. Res. Bd. Canada: 422 p. 

Foerester, R. E. and W. E. Ricker. 194 1. The effect of reduction of predaceous li sh on 
survival of young sockeye salmon at Cultus Lake. J. Fish. Res. Bd. 5: 315-336 p. 

Gilhousen, P. 1992. Estimation of Fraser River sockeye escapements from commercial 
harvest data, 1892-1944. Internat. Pac. Sal. Fish. Comm. Bull. 27: 1I4 p. 

Groot, C. and K. Cooke. 1987. Are the migrations of juvenile and adult Fraser River 
sockeye salmon (Oncorhynchus nerka) in near-shore waters related? Tn: Smith, H.D., L. 

Margoli s and C.C. Wood (Eds .). 1987. Sockeye salmon (Oncorhynchus nerka) population 
biology and future management. Can. Spec. Publ. Fish. Aqual. Sci. 96: 486 p. 

Groot, C. and T.P. Quinn. 1987. Homing migration of sockeye salmon (Oncorhynchus 
nerka) to the Fraser River. Fish Bull. 85. 

Hamilton, K. 1985. A study of the variabi lity of the return migration route of Fraser River 
sockeye salmon (Oncorhynchus nerka). Can. J . Zool. 63: 1930- 1943. 

Healey, M. C. 1980. The ecology of juvenile salmon in Georgia Strait, British Columbia. 
[n: Salmonid Ecosystems of the North Pacific. (Eds.) W. 1. McNeil and D. C. Himsworth. 
Oregon State University Press. 330 p. 

44 



Hoar, W. S. 1976. Smolt transformation: evolution, behaviour and physiology. J. Fish. Res. 
Bd. Can. 33: 1234- 1252. 

IPSFC. 1972. Proposed program for restoration and extension of the sockeye and pink 
salmon stocks of the Fraser River. 91 p. 

Killick, S.R. 1955. The chronological order of Fraser River sockeye salmon during 
migration , spawning and death. Internal. Pac. Sal. Fish. Comm. Bull 7: 95 p. 

Larkin, P.A. 1971. Simulation studies of the Adams River sockeye salmon, (Oncorhynchus 
nerka.) J. Fish. Res. Bd. Can. 28: 1493-1502. 

Levy, D.A. and C.C. Wood. 1992. Review of proposed mechanisms for sockeye slamon 
population cycles in the Fraser River. Math. BioI. Bull. 54: 241-261. 

Northcote T. G. and P.A. Larkin. 1989. The Fraser River: A Major Salmonine 
Production System. p 172-204. In: D.P. Dodge (Eds .) Proceedings of the International 
Large River Symposium. Can Spec. Publ. Fish. Aquat. Sci. 106: 629 p. 

Peterman, R.M. 1980. Dynamics of Native Indian Food Fisheries on Salmon in British 
Columbia. Can. Fish. Aquat. Sci. 37: 561-566 p. 

Ricker, W.E. 1987. Effects of the fishery and of obstacles to migration on the abundance of 
Fraser River sockeye salmon (Oncorhynchus nerka). Can. Tech. Rep. Fish. Aquat. Sci. 
1522: 75 p. 

Roos, John F. 1991. Restoring Fraser River salmon. A history of the Internation Pacific 
Salmon Fisheries Commission, 1938-1985. Pacific Salmon Commission, Vancouver, B.C. 
438 p. 

Stockner, J.D. and K.D. Hyatt. 1984. Lake fertilization: state of the art after seven years of 
application. Can. Tech. Rep. Fish. Aquat. Sci . 1324: 33 p. 

Verhoeven, L.A. and E.n. Davidoff. 1962. Marine tagging of Fraser River sockeye salmon. 
Internal. Pac. Sal. Fish. Comm. Bull 8: 132 p. 

Walters, C.J. 1985. Bias in the estimation of functiona l relationships from time seri es data. 
Can. 1. Fish. Aquat. Sci . 42: 147-149 p. 

Walters, C.J. and M.J. Staley. 1987. Evidence against the existence of cyclic dominance in 
Fraser River sockeye salmon (Oncorhynchus nerka), p. 375-384.1n: Smith, H.D. , L. 
Margolis and C.c. Wood (Eds.). 1987. Sockeye salmon (Oncorhynchus nerka) population 
biology and future management. Can. Spec. Publ. Fish. Aquat. Sci. 96: 486 p. 

Walters, C.J. and J.C. Woodey 1992 Genetic models for cyclic dominance in sockeye 
salmon (Oncorhynchus nerka). Can. J . Fish. Aquat. Sci. 49: 281-292. 

Ward, F.J. and P.A. Larkin 1964. Cyclic dominance in Adams River sockeye salmon. 
Internat. Pac. Sal. Fish. Comm. Prog. Rep. I I: 116 p. 

Williams, I. V. 1987. Atempts to re-establish Sockeye salmon (Oncorhychus nerka) 
Populations in the upper Adams River, British Columbia, 1949-84. 235-242 p. In : Smith, 
H.D. , L. Margolis and C.C. Wood (Eds.). 1987. Sockeye salmon (Oncorhynchus nerka) 
population biology and future management. Can. Spec. Publ. Fish. Aquat. Sci. 96: 486 p. 

45 



Appendix l. Peak migration timing in the lower Fraser River, peak spawning tim.jng, current 
dominant cycle line, most recent mean escapement, and interim escapement goal for the 

Fraser River sockeye stocks. 
Current Spawner 
Dominant Escapement on 

Peak Cycle Dominant Cycle 
Migrati on Peak Line (x 1,000) 

STOCK in lower Spawning Recent Mean Interim 
GROUP Stock Fraser Timing (4-year average)* Goal 

EARLY 

STUART Early Stuart early Jul y mid-Aug 1993 2 16 500 

EARLY 

SUMMER Bowron R. mid-July late Aug All cycles 8 45 

Fennel Cr. late Jul y late Aug All cyc les 6 15 

Gates Cr. late July late Aug 1992 29 2 J 

Nadina R. late July late Sep 1995 34 35 

Upper Pitt R. late July mid-Sep All cycles 22 69 

Raft R. late July early Sept J992 13 13 

Scotch Cr. early Aug early Sep 1994 8 84 

Seymour R. early Aug earl y Sept 1994 74 117 

SUMMER 

RUNS Chilko R. early Aug late Sep All cycles 220 600 

Chilko L. late July early Sep All cycles N/A 224 

Horsefl y R. early Aug mid-Sep 1993 63 1 2,200 

Mitchell R. early Aug mid-Sep 1993 84 N/A 

Late Stuart early Aug late Sep 1993 312 500 

Stellako R. mid-Aug late Sep 1995 208 300 

LATE 

RUNS Lower Adams late Sep mid-Oct 1994 1,733 2,300 

Lower Shuswap late Sep mid-Oct 1994 347 1,200 

Birkenhead R. late Aug early Oct 1994,95 125 300 

Weaver Cr. late Sep mid-Oct 1994 136 80 

Cultus L. mid-Oct mid-Nov 1995 24 56 

Harrison R. early Oct late Nov 1995 15 N/A 

Portage Cr. earl y Oct mid-Nov 1992,94 8 8 

Misc. 100 

TOTAL 4,341 8,767 

* Recent mean escapements on the dominant cycle were based on the four most recent years 
that have spawning escapement data (see Appendix 2). For stocks with no dominant cycle, 
the last 16 years of escapement data were used to obtain the overall mean escapement. 
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Appendix 2. Annual escapement, total return (all ages combined) from that escapement, and 
return per spawner fo r major Fraser River sockeye stocks, 1960- 1993. (Return to spawner 
ratio is the ratio of total return to escapement four years earlier.) 

EARLY STUART 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number T •• Return \0 Number l Ola] KClUmlo Number 10lal RelUm \0 Number TOial Retum to 
B_ 0' B_ Spawner B""" 01 B",od SpaI\'oeT Brood 0' B""" SjXlwlI(r B_ 0' B""" SpaWJleT 
Ycar Spaw~rs Return RallO y= Sp;!WIICI'S Return RULlO Ycar Spalloners Return RallO Yea.- SpaWI\I:f5 Relum Ralio 

"" 25.020 110.394 4.41 1 9~7 234.850 1.222.936 5.21 "58 38.807 103.107 7.66 1959 2.610 2O,m 7.80 

" .. 14,4 .. H 74. 149 5. 13 1961 198.921 255.842 1.79 1962 26.116 75.785 2.84 1963 <J'" 92.S54 20.09 

1961 2.390 42.887 11.9-1 1965 23.O.f5 ·H 7,2 I I 18.10 1966 10.830 84.786 7.83 1967 2LO-M 339.693 16. 14 

"68 1,522 IOA23 6.8S 1969 109.655 1.375,594 12.54 1910 32.518 182. 136 5.59 1971 95.940 431.210 4 .49 

1972 4,657 32,232 6.92 1973 299,882 !,341,984 4.48 1974 39518 140.516 3.56 1975 65.752 224.052 3.41 

1976 11 ,76 1 31.854 2.11 1977 11 7,445 761.059 6.48 1978 50.(K).I 6S. 197 1.30 1979 92.746 107.905 1.16 

"" 16,939 63501 3.75 198 1 129.457 350. 141 2.70 1982 4557 27,885 6,12 1983 23.867 190.779 7.99 

19S4 45,205 247.5CM 5.48 1985 234.219 1. 1%.979 ll] 1986 lS584 143.469 5.02 1987 146.567 526.938 3." 

1988 179,807 296,821 1.65 "'" 384.799 1,297.000 3.37 

AI·cr.lgc 33.528 101,085 6.09 AI'crilgc 192.476 913,194 6.59 AII:TlIgc 28.949 102,860 4.36 AI·Cr.lgc 5(,,649 241.746 8.09 

LATE STUART 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number TOial Relu rn to Number TOial Ret urn to Number T()!ai Relurn to Number TOial Relurn to 
Bmod 0' B_ Spawner Brood 0' Bmod Spawner B_ 0' ,,,", Spawner Bmod 0' Bmod Spawner 
Y .. Spawners RClum Ralio Y .. Spawners RClUrn Ratio Year Spaw'ocrs Relurn RallO Ycar SpaWIll'TS Relurn Ratio 

"" 913 46.102 ,..,. 1957 368.3M 1.329,8S4 3.61 1958 23,619 54.677 2.3 1 1959 8,225 1.392 0.90 

1960 2J96 9.611 4.01 1961 410,&81 778.478 1.89 1961 18.643 45.069 2.42 1963 3.222 12.049 3.14 

1961 1.816 3.]0] 1.71 1965 2]4.943 1.124,519 5.23 1966 9,027 74,079 8.21 1967 1.629 16.556 10.16 

1968 389 JI.299 80.46 1969 207.014 1,625,590 7.8S 1970 14.978 70,838 4,7) 1971 1.535 66.770 43.50 

]972 1.341 11.266 2.35 1973 214.230 606,161 2.83 1974 14.190 4),407 3.06 1975 14.229 196,849 13.83 

1976 2.898 3.339 U 5 1977 146.459 1.349.459 9.21 1978 12.738 66.580 5.23 1979 31.918 6.854 0,21 

1980 946 21.440 22.66 198 1 249.494 2.033,901 8.15 1981 16.758 58.003 3AIi 1983 2.246 19.456 8.66 

"" 1.228 11.930 9.71 1985 274.620 3.174.85 1 11.56 1986 28.715 785.959 27.37 1987 6.472 221.909 34,29 

1988 7.1 11 88.792 12.48 1989 575.697 5.(;00).000 9.13 

AI'eraso 2.783 25.816 20." AV·"~8e 295.745 1.958.004 6.67 A"cm,!;c 17.334 149.1127 7.10 Avcra~e 8.68~ 680479 J4.41 

STELLAKO RIVER 
[992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number TonI Return 10 Number TOI~1 Relornlo Number TOial Relurn 10 Number Toul Return (0 

B",od 0' Bmod Spawner Bmod 0' Bmod Spawner B",oo 0' B,,"" Spawner B""", 0' ,_ 
Spawner 

Year Spawners Remm Ralio Yc~r SpawnCP.i Relurn Ratio y,. SpawnerJ Relurn R~lio Year Spawners RClUm Ratio 

1956 38,438 2-«;,735 6.42 19S7 38.522 6151.843 1" 1958 112,251 340.460 3.03 1959 79,JQ5 541.420 6.83 

1960 38,880 164514 4.23 1961 46,863 147,402 liS 1962 124.485 S89.5OS 4.74 1963 138.794 727,926 5.24 

1964 30,89(1 117,837 5.76 1965 39.385 243.651 6.19 1966 1OL529 359,906 3.54 1967 91,480 550,524 6.01 

1968 30.368 129.822 4.27 1969 49.2JJ 253.245 tiS 1970 45,797 nU08 5.11 1971 39.691 509.261 12.83 

]972 36.700 758.244 20.66 1973 30 .... 77.458 2.55 1974 41,215 262,76 1 6.37 1975 175.941 1.750.824 9_95 

1976 150.734 244.117 1.62 IOn HOH 249.656 ]0.83 1978 58.898 437.422 7.43 1979 290,OH 623.912 2.15 

1980 72,050 755.406 10.48 198 1 21.826 285,896 13.10 1982 69.420 358.2 18 5.16 1983 121.692 1.216.211 9.99 

1984 60.959 828.329 13.59 1985 42.099 618.151 199 1986 77.177 564.679 7.32 1987 21 1.085 6.12,400 10> 
1988 367,702 546.872 1.49 

Al'cragc 9 1.858 428.015 7.61 AI'crage 36,420 197. 163 6,11 Average 78.854 393.382 5.34 Average 143,504 820,3 11 7.01 

LATENADINA 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number TOIal Return lO "'umber ToC~1 RelUrn to Kumbn T",' Return IQ Number T." Relurn 10 
S- o, Bmod SpaWMf Bmod 0' B""" SpaWMf Bmod 0' Brood Spawner Bmod 01 B_ Spawner 
Year Spawners Rcturn Ralio Ye~r Spaw'ners RClUrn Ralio Year SpawneB Re1urn RUlio Ym Spawnen; Relurn Ralio 

1956 " 4.108 228.22 1957 27,548 116,806 4.24 1958 635 lOS3 800 1959 1.01 3 17,000 16.78 

1%0 19 1.118 40.62 1961 17,542 ')4,420 S.38 1962 1,683 12,045 7.16 1963 7.3.<)1 59.(5) 8. 17 

1964 209 7.735 nOI 1965 11.293 95.017 SA l 1966 1.724 34.010 19.73 1967 7.790 15).066 19.65 

1968 1.249 49,963 35.20 1969 27,895 106.:m 181 1970 3,929 19.884 7.6 1 1971 14,481 75.454 5.21 

1912 2554 10.728 4.20 1973 16,720 79,728 '.n 1974 3.730 12.481 3.35 1915 ID09 307,)48 20.08 

1976 1.625 7.257 4.47 1977 16.858 131.790 7.82 1978 1.SS' 31.250 12.09 197'1 55.681 101.J69 1.82 

191<0 3.011 21.372 7. .. 1981 18,911 16,800 '.06 1982 2.349 6.762 l." 1983 26.856 165.121 6_11 

" ... 1.070 36.042 5.10 1985 13.801 21.110 l.S3 1986 3.545 20.818 5.89 1981 31.624 199.807 5.31 

1988 8.744 43.043 4.92 

Mcragc 2.724 20.158 40.76 Av~rage 18.822 90.241 5.00 Average 2.522 19,QJ9 8.J4 Avemge 20.751 IJ4,928 10_40 

Note: Return to Spawner Ratio is the ratio of total retu rn to the escapement fo ur years earlier, 
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BOWRON LAKE 
1992 CYCLE YEAR N,_ 

Brood of 
Year Spa ..... flClli 

1956 
1960 

1964 
1%8 

1972 

1976 

19SO 
1984 
1988 

,,,.. 
7.620 

l.lOO 

3.611 

4.138 

2.2SO 

2.8~ 

IOA61 

12.780 

Totil KC1um III 
Brood Spa .... 1\eT 

Return Ratio 

J&A8-t 

11.733 

27.501 

+1.6-12 

20,361 

7. 112 

45.170 

48,486 

19.283 

lSO 

2.33 

18.34 

12.36 

4.92 

3.16 

15.611 

4.63 

I.SI 

1993 CYCLE YEA R 
Number lotll Return 10 

Brood of Brood Spa"lKT 
Ycar Sp;I"'1IC1'!; Return Ratffi 

1957 

1961 

196' 
1969 
1973 

1977 

lOS! 

1985 

12.011 

1.449 

2.659 

3.872 

4.558 

2.500 

1.110 

'.395 

41.966 

28.148 

17.8-19 

17.211 

8.546 

15,396 

16.D2 

20.607 

3.49 

3.78 

6.71 

'.44 

1.87 

6.16 

14.13 

3.22 

Al'cragc 5.805 29.864 7.60 Average 5.077 20.782 

HORSEFLY RIVER 
1992 CYCLE YEAR 

Number 
'mOO of 
Y~ar SpaWnetl 

1956 

1960 

1964 

1%8 

1972 

1976 

lOW 

19" 
19" 

" 292 

'54 
69' 

"" 298 

30. 
.... 

6.832 

TollIl Return to 
Brood Spall'ncr 
Return R~lIu 

2553 

1.475 

2.797 ... 
1.392 

1.233 

2.446 

5.470 

11.651 

31.52 

5.05 

11.01 

0.70 

12.89 

4.14 

1." 
6.12 

1.71 

1993 CYCLE YEAR 
Number 

Brood of 
Y~ar Spawners 

TOIa1 Relurn 10 
Brood Spawner 
Return Ratio 

1957 220,99(} 916.515 

1961 295.964 1.223.026 

1965 359.371 1.614.217 

1969 270m2 1.496.320 

1973 253.)88 1.983.829 

1977 413.803 3.571.209 

1981 682.515 8.311.088 

1985 U13.m 10.953.292 

4.42 

4.13 

4.49 

5.54 

7.83 

7.55 

12.18 

'.84 

Average 1.085 3.279 9.01 A"era~ 458.653 3.766.937 

MITCHELL RIVER 
1992 CYCLE YEAR 

Number 
Brood of 
Ycar Spa"'nen 

1960 

1%0 

1%4 

19 .. 

1972 

19" 
19SO 

'''' 
19" 

TOIa! Return to 
Brood Spall'llI"r 

Return R.:IlIO 

CHILKO RI VER 
1992 CYCLE YEAR 

1993 CYCLE YEAR 
Number 

Brood of 
Ycar Spawnen 

"OI~I Return 10 
Brood Spaw".". 
Retwn Ratio 

1961 

"" 196' 

2.617 21.598 

6.601 17.884 

5.335 52.955 

1969 8.939 144.443 

1973 24.673 In,596 

1917 42.396 328.409 

1981 66.106 1,475.5ti3 

1985 204.579 1.58l.J20 

41163 474.969 

1993 CYCLE YEAR 

8.07 

2.71 

9.93 

16.16 

7.20 

7.15 

22,32 

7.73 

199-1 CYCL E YEA R 1995 CYCLE YEA R 
Number 

Brood of 
Year Spawner!; 

1958 

1962 

1966 

1910 
1974 

1978 

1982 

1986 

14.843 

6.286 

2.470 

1.365 

1.850 

3.141 

1.647 

3.118 

4.333 

TOIaI Return to Number Tocil 
Brood Spall'lIi'r Brood of Brood 

Rcturn Rallo Vcar Spawners Relu m 

18.155 

11.327 
22.249 

16.197 

12.396 

40.626 

4,645 

22.133 

19.711> 

l.22 

3.39 

9.01 

12.41 

6.70 

12.93 

2.82 

7.10 

1959 

19" 
19" 
1971 

1975 

1979 

1983 

1981 

6.95 Al"crage 

29.247 61.8(; 5 

25.141 214.3 16 

31.695 206..194 

25.497 124.507 

29.700 170.35 1 

35.000 29.98 , 
6.451 25.184 

11.071 lQ.97 1 

24.225 106.71 0 

1994 CYCLE YEAR 1995 CYCLE YEA R 
Number 10iai Return to Number TOIal 

Brood of Brood Spa .... ner Brood of Brood 
Year Spa .... ners Return R.:Itio Y~ar Spawners Return 

1958 

1962 

1966 

1970 

1974 

19" 
1982 

198. 

1.798 3.396 

1.073 6.700 

1.611 1.342 

1.345 20.339 

4.459 18.336 

7.377 186.251 

36.012 455.941 

150.640 1,823.168 

25.539 315.1&5 

1.89 
(,.24 

'" 
1512 

4.11 

25.25 

12.66 

12.10 

1959 

1%3 

19" 
1971 

1975 

1919 

I <)M3 

19M7 

10.24 Avcrugc: 

65 16 5 

83 95 6 

Jl9 1.16 I 

I7l 74 1 

193 1.11 1 

511 5.896 

2.036 35.80 I 

16.195 S3.W. 

2.497 16.298 

1994 CYCLE YEAR 1995 CYCLE YEA R 
Number TOIal Remrn to Number 

'mOO of Brood Spawner Brood of 
Year Spawners RClUm R;uio Vear SpaWllc:rs 

1962 

1962 

1966 

1970 

1974 

191. 

1982 

1986 

" 16 0.25 

587 111.40 

142 120 0.85 

o 
o 0 

l.231 10.465 

3.829 103,732 

30.827 m.892 

.", 
21.09 

1.33 

19" 
19" 
1%1 

1971 

1975 

1979 

1983 
J987 

6.018 S6.S02 26.90 Aver~ge 

I Tola 
,mOO 
Return 

1994 CYCLE YEA R 1995 CYCLE YEA R 

Return 10 
Spa .... ner 

Ratio 

2.12 

8.52 

6.52 
4.88 

5.74 

0.86 

390 

". 
4.30 

Return 10 
Sp3""ll('r 

Ratio 

B4 
11.52 

14.80 

4.37 

8.88 
11.54 

17.58 

4.96 

9.52 

Re!unlIO 

Sp;I"'lM:f 

R.311O 

Number TOIal Relurn to 
Brood Spawner 

Return RallO 

Number 
Brood of 

Year SpaWJlen 

Total Relurn 10 
Brood SpaWlICf 

Relurn RallO 

Number Total Return 10 Number Total 
Brood 

Return 

RelUrn I() 
Brood of 
Year Spa""ncrs 

1956 
1960 

1%4 

1%8 

1972 

1976 

19SO 
198' 

1988 

6-f6.906 2.435.610 

426.546 1.053.335 

238.272 2,(}.l{),082 

413.862 2.461,877 

562.650 1.938.682 

361.752 1.610.869 

461,812 4.010.336 

452.618 406.639 

254.668 3.009.429 

A'u.oge 425.0]0 2.I07.43~ 

3.17 

2,47 

8.56 

5.95 

3.45 

4,45 

8.57 

0.90 
11.82 

1957 

1%1 

1965 

196' 
1973 

1977 

1981 

]985 

138.464 

39.101 

35.335 

70.902 

55.675 

49,339 

".,., 
71.435 

138.228 

69.453 

158,944 

.w2.283 

213,743 

195,909 

201.347 

609.392 

61,85 1 248.662 

1.00 

1.78 

'.50 
5.67 

).84 

395 

5." 
8.53 

Brood of Brood Spawner Brood of 
Year Spawner.; Return Ralio Vear Spa .... ners 

1958 

1962 

19" 
1970 

1974 

1978 

1982 

1986 

120.IQ.I 433.371 

n.713 985.562 

209.619 889.200 

m.388 688.6 11 

109563 600.6:11 

143.401 1.187.2{)9 

239.903 1.49-4,185 

281.771 4.281.621 

3.61 

12.68 

4.24 

5.09 

5.48 

8.18 

6.23 

15.22 

1959 

1963 

1961 

1971 

19" 
19" 
1981 

1987 

463.060 2.212.583 

998,231 1.206.303 

174.115 1.999.484 

157.193 602.388 

199.739 1,482.168 

2J.1.92~ 1.544.062 

329.220 IS41.(162 

239.60 1 2.877.4f>6 

4.39 A'~r:lge 164.683 1.320.801 349.585 1.683.190 

Note: Return to Spawner Ratio is the ratio of lOla I return to the escapement four years earlier. 
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Spm'incr 
Ratio 

4.78 

Ul 

l!A4 

3.83 

7.42 

", , ... 
12.01 

6.49 



SEYMOUR RIVER 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number Total Return!o Number TOIal Return!o Number 101al Return to Number TOIal Return to 
B,ood of 'mod Spawner 'rood of 'rood Spawner Brood of Brood Spawner Bo". of Brood Spawner 
Year Spawners Return Ratio Year Spawn~n! Return Ratio Year Spawnefli Return Ratio Year Spawners Return Ratio 

1956 2.490 12.163 5.13 1957 10,870 24.853 2.26 1958 78,371 195.518 2.49 1959 52310 175,980 3.36 

19'" 2,<XlI 8.837 105 1961 3,622 32.923 9'<19 1962 57.836 176.546 105 1963 7L654 114.086 L59 

19" 2.745 18.498 6.74 1965 6,(l89 34.890 5.73 1%6 28,698 141.828 4.94 1967 13J61 220.85 1 16.53 

1968 3,838 22,10& 5.76 1969 7,176 14.875 2.07 1970 11,971 226.369 18.91 1971 [9.028 13SJJO 7.11 

1972 2.Wl 58,719 20.96 1973 2,704 25,180 9.31 1974 44.588 181.851 4.08 1975 36.828 217,930 5.92 

1976 8.306 22,250 2.68 1971 5,709 68.793 12.05 1978 62.808 365.534 5.82 1'.)79 49,J06 135.607 2.75 

1980 8.309 52.848 6.36 1981 11.359 30.875 2.72 1982 63.271 508.056 8.03 1983 29.831 268.957 9.02 

1984 17.172 34,771 2.02 1985 5.620 57,490 10.23 1986 126.1 66 994.903 7,89 1987 84.315 592,746 7.03 

1988 16.781 15.728 0.94 

Average 7,260 27.391 5.96 Avel'3ge ',644 36.201 6.68 Average 59.214 348.826 '.90 Average 44.579 232,683 '" 

SCOTCH CREEK 
J992 C YCLE YEAR J 993 CYCLE YEAR J 994 CYCLE YEAR J 995 CYCLE YEAR 

Number TOlal Return to Number Total Return to Number Total Return 10 Number Tolal Relurn to 

'mol of B",od Spawner Brood ,f Bmod Spawn~r Bo". of B",od Spawner 'rood of B,ood Spawner 
Year Spawners Return Ratio Year Spawners Return Ratio Year Spawners Return Rat;o Year Spawn~r1i Return Ratiu 

1956 " 952 119,00 1957 2.230 1.220 0,55 1958 B 0 1959 B 0 

1960 0 0 0 1961 5% 8. 185 1373 1%2 7 2,717 1963 0 0 

19M B 0 0 1965 1.910 16.637 8,71 1966 459 2,956 1967 0 0 

1%8 0 0 0 1969 3.395 J4.003 1002 1970 3'" 2.236 422.29 1971 0 0 

1972 0 0 0 1973 6.235 55.304 8.87 1974 «7 9.824 4.87 1975 , 0 

1976 l4 279 8.21 1977 13.586 77.703 5.72 1978 2.056 27.125 32.32 197'.) 0 0 

1980 107 1.532 14.32 1981 18.952 25.367 1.34 1982 4.709 109.491 23.25 1983 239 2.642 11.05 

1984 4119 2.562 6.26 1985 3.385 34.184 10.10 1986 26,624 314.937 11.83 1987 2.089 43,%9 21.05 

1988 1.060 5.960 5.62 

Average 324 2.257 30.68 A"erage 6.286 31.575 7.38 Average 4.944 67.041 67.46 Average 1.164 23.306 16.05 

LOWER ADAMS RrVER 
1992 CYCLE YEA R 1993 CYCLE YEAR [994 CYCLE YEAR 1995 CYCLE YEA R 

Number Tolal Return to Number Total Return 10 Number Total Return to Number Total Return to 
Brood of Orood Spawner Brood of O,ood Spawner Orood of Brood Spawner Bo,od of Bmod Spawner 
YOM Sp;lwners Relurn Ratio Year Spawners Return Ralio Year Spawners Return Ratio Y'M Spawners Return Ratio 

1<)56 3,321 1.672 2.31 1957 2,807 2lJ65 7.61 1958 3.287.678 2.013.436 0.61 1959 135.545 370,895 2.76 

19'" 1.907 2.412 1.26 1%1 1.118 6.215 5.56 1962 1.113.088 2.777.736 2_50 1963 151'>.454 3.033,433 19.39 

1964 "" 17.132 28.36 1%5 1.795 50,353 28.05 1966 1.255.893 3.851.506 J07 1967 838.945 3.054,910 1" 
196. 3,685 20,551 5.58 1%9 4.986 11,834 2.37 1970 1.495,504 4.990,517 3.34 1971 283,791 635,102 2.24 

1972 4.153 38,519 9.27 1973 1.014 72,378 71.38 1974 1.061.774 6.264.281 590 1975 161.517 985.852 6.10 

1976 4.750 12.994 2.74 1977 6.15 1 56,378 9.17 1978 1.699.330 7,547,476 4.44 1979 288.777 1,462.481 5.06 

1980 2,480 21.378 8.62 1981 6.218 3,427 0.55 1982 2.506.038 6,7 12.026 2.68 1983 204.030 1.942,153 9.52 

1984 4.260 35,058 8_23 1985 471 432 0_92 1986 1,663.127 8,0 15.516 4.82 1987 606.195 4.218.061 6.96 

1988 4.813 81.587 16_95 

Average 3.330 26,367 9.26 AI'emge 3,070 27,798 15.70 A\'cragc 1,760J04 5,271.562 3.42 Average 334,282 1.962.861 6.96 

LOWER SHUSWAP RIVER 
1992 CYCLE Y EAR 1993 CYCL E YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number Total Ret urn to Number Total Rdurn to Number Total Return to Number 10iai Return to 
Brood of Brood Spawner B,ood of Brood Spawner B,ood of Bm'" .<ip~wner Bmod ,f B""'" Spawn~r 

YOM Spawners Return Ratio Year Spawners Return Ratio Yo. Spawners Return Ralio y,. Spawners Return Ratio 

1956 , 0 0 1957 2 1.040 520.00 1958 9.367 57.231 6.11 1959 281 3.950 14.06 

1960 0 0 0 1961 32 1,956 6Ll3 1%2 31,027 57,484 1.85 1963 2.014 19.344 9.60 

19" 0 0 0 1965 292 4,892 16_75 1966 24,415 73.379 3.01 1%7 5.951 63.912 10.74 

1968 0 0 0 1969 999 21.427 21.45 1970 28,799 429.887 14.93 1971 6,117 46,1'>76 7.63 

1972 39 379 9.72 1973 2,794 17,604 6.30 1974 85,950 709.941 8.26 1975 11.622 31,579 2.72 

1976 30 648 21.60 1977 6.359 36.889 5.80 1978 187.134 1.632.916 8_73 1'179 10.048 30.010 2.99 

1980 " 416 23.11 1981 4.075 6,043 1.48 1982 513.897 2.374.259 4.62 1983 7.308 25.149 3.44 

1984 75 1,488 19.84 1985 817 7.955 9_74 1986 600.370 2.972,700 4.95 1987 1O.J43 38.792 J75 

1988 194 2.751 14_18 

Averag~ 71 1,136 17.69 Awrdge 1.921 12.226 80_33 A\'erage 185.120 1.038.476 6.56 Average 6.711 32,427 6.87 

Note : Return to Spawner Ratio is the ratio of total return to the escapement four years earl ier. 
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OVERALL SHUSWAP 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

NUIIII~ .. r TOial Return to Number TOI DI Return to NumtJer 10lai Return to Number Total Return t(l 

'<OOd of ' rood Spawner 'rood of 'rood Spawner Brood of 
,_ 

Spawner Brood of ,- Sp~.<'Ilcr 
yo. Spawncll Return Ratio Ycar Spawners Return Ratio Year Spawners Rcwm Ratio Year Si!iIWl1e1l Return Ralio 

'95' 5.819 21387 3." 1951 15.909 48.208 3.03 1958 3.375.416 2.266.208 0.67 1959 187.136 550.825 2." 

'%0 4.808 11 .271 2.34 ,%, 5J70 49279 9.18 1962 1.201.958 3.014.483 2.51 '%3 230,122 3. 166,863 13.76 ,,.. lJ.l9 35.851 10.71 '''' 10.086 ]06}72 10.59 '''' 1.309,465 4.069,669 111 '967 858.257 3.339.673 3.89 

'%8 7524 43.813 5.82 19., 16556 82.139 4.% 1970 l.536.578 5,649,009 3." 1971 308,936 817.127 2.();I 

1972 6,,," 97.617 13.96 1m 12.747 170,466 13.37 1974 1.192.759 7.1 65.897 6.01 1975 209.967 1,235,%7 5,88 
1976 13.120 36.171 2.76 '917 J ].80S 239.74) 754 1978 1.95 1.328 9.537.051 4.89 1919 348.131 1,628,842 4.68 

1980 10,914 76, 174 6.98 1981 4O.6().f 65,712 1.61 1982 3,087,915 9,703,832 3.14 ' 983 241,4OS 1.238,901 9.27 

19" 21.916 73.879 3.37 1985 10.293 100,061 9.72 19" 2,4]6,287 12.298,065 5,., '987 702,942 4.893,568 .% 

1988 22.848 106,026 4.64 

Av=gc 10.810 55.799 6.03 A"ernge 17.921 107.798 7.50 A,'erage 2.008.963 6.713.027 3.64 A\"I'rage 385.862 2.233,971 6.25 

RAITRIVER 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number Total Return to Number Total Return to Number Total Relurn 10 Number Too' Return to 

'rood of Brood Spawner Brood of Bo'" Spawner '<OOd of B_ Spawner Brood of Brood SJMw ner 
Yo. Spawners Return Ratio YC,lr Spawners Retu rn Ratio Yo. S[)'lwncrs IklUrn RUlio Year Sp:.W'ICrs Return Ratio ,,,, 9.037 27.140 300 1957 6,"" 21,015 ).(16 1958 10.214 23.143 2.27 1959 10.210 23.614 2,31 

'%0 5.513 16.948 3.07 19" 7,293 24,325 3.34 '962 7.613 40549 5.33 '%3 8,683 9.817 1.13 

'%4 5.171 48.724 9.41 19" 6.624 20,626 3.11 '''' 6.244 23.539 3.77 ,%, 1.279 9,658 7.55 

'%8 8,089 106,397 13.1 5 19" 5.537 14,310 2.60 1970 4.462 8."" 1.99 197] 80' 12,}61 15.43 
1972 11.(1.18 58,837 5.33 1973 2.714 3,863 1..11 1974 2.383 7.261 3.05 ''>7' 1,609 8,053 3.IJJ 

1976 19.085 68, 1)7 2.30 1977 3.637 1.93M 11.Q.l 1978 2.992 3,'" 75 1 1979 2,780 5,763 1.13 
1980 5,418 51,723 9.55 198 1 '" 8.639 10.61 1982 2.992 3.669 1.23 1983 2,780 5.763 2.07 
1984 19.085 68,137 3.57 1985 3.637 1.938 0.53 '986 2.(l95 2.2~ 1.08 1987 1,436 2.555 1.78 
1988 19.85 1 36.173 1.83 

A~nage 10,201) 48,133 5.69 Al'cragc 4.262 12,699 4.46 A"cr:age 4.8 12 15.999 128 A"=ge 3,695 9,358 09 

FENNEL CREEK 
1992 CYCLE YEAR 199] CYCLE YEA R 1994 CYCLE YEAR 1995 C YCLE YEAR 

Numoo Tool Return to Number Total Rctumto Number Total Rcturn to Number Too' Return to 
Brood of Brood Sp;twner Bo'" of Brood Spawner "_ of B_ Spl"ner Brood of ' rood Spawner 
Year Spawners Return Ratio Ycar Spawn~r5 Return Ratio Year Spawn~r5 Return Ratio Yo. Spawners Return R~t to 

1956 " " " 1957 0 0 0 195H , 27 "0 1959 27 1.114 41.16 

''''' 0 0 0 ,%, 0 " 0 1961 0 0 " '963 "6 6,534 14.99 

' 964 '" 3.631 24.91 "" 0 0 0 '''' 0 0 0 '967 '" 15.201 16.59 

'%8 '" 15.031 15.76 '969 " 881 16.94 1970 , 7., 82.22 1971 1.293 16.707 12.92 
1972 1.93 1 2S.899 14.97 1973 205 2.805 13.68 1974 ' 40 299 2. 14 1975 4,005 72.617 IS.13 
1976 4,090 23.900 '.84 1977 355 8.856 24.94 1978 107 4.684 43.78 1979 15.565 10.694 0.69 
1980 8.437 17.625 2.119 1981 2.076 4.444 2.14 1982 1. 132 ~.220 44.36 1983 4.977 36.936 7.42 

19" 11.02 1 79.530 7.22 1985 1.598 24.834 15.54 1986 6.024 41.149 6.83 1987 16,633 67.35 1 4.05 
1988 16.927 82.0n 3." 

Average 5.945 27,853 10.55 Average ", 5.218 14.65 A\"l:ragc 927 12.056 30.79 A''Cr.Ige 5,482 28,394 14.51 

GATES CREEK 
1992 CYCLE YEAR 199] CYCLE YEAR 199~ CYCLE YEAR 1995 CYCLE YEAR 

Numoo Tool Return to Number T"" Return to Number Too' Return to Number T"'" Return to 
'rood of ' rood Sp;twncr Brood of ' rood Sp:w .. ner Brood m Bmod Spawner Brood of Brood Spa"'ner y,. Spawners Return Ratio y,. Spa"ners Return Ratio Yur Spawners Return Ratio Y'M Spawners Return Ratio 

1956 7.807 15.990 2.05 1957 891 1.163 1.31 1958 61 44' 7.23 1959 582 10.655 18.31 

''''' 5041 3 84.(1.19 15.53 ' 96 ' 248 14.706 59.30 1962 '" 524 3.30 '%3 4.113 7.648 1.86 

'964 19.396 105.060 5042 19" 1.642 1087 1.88 '''' " '" 14.40 '%7 1.138 6.661 5.85 

' 968 10,11) 82.525 8. 16 '969 777 5,001 644 1970 7B '80 7.44 1971 426 12M7 29." 
1972 8,323 132.617 15.93 1973 79' 12,525 15.75 1974 70 1.992 28,46 1975 1,982 22.413 11.31 
1976 17.1 33 73,413 4.28 1977 2.582 22.042 8." 1978 258 1,'" 7.23 1979 3.826 17.966 4.69 

1980 25.088 79.631 3.17 1981 4.670 18.129 3.88 ]982 '30 9.747 10,48 ' 983 7.384 31.()(j9 4.21 

19" 28.801 155.730 SAl 1985 4.578 96. 196 21.01 1986 3.572 27.769 7.77 1987 9,417 34.305 3.64 

19H8 44.913 390.027 '.68 

Av=gc 18jS4 12U38 7.63 Average 2.023 21.606 14.16 Average '" 5.4112 10.79 Averagc 3.609 17.921 9.95 

Note : Return to Spawner Ratio is the ratio of total return to the escapement four years earlier. 
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PORTAGE CREEK 
1992 CYCLE YEA R 1993 CYCLE YEAR 1994 CYCLE YEA R 1995 CYCLE YEAR 

""umber lOla! Return to Number T()(ai Return to Numbcr TOI:II Retumto Number TOIal Return HI 
"0',," ,f "~" Spawner "roOO of "0',," Spawner '''''''' of "roof Spawner Bm'" of ,~" Spawner 
y= Spawners Return Ratio YOM Spawn~rs Return Ratio Yo. Spawners Return Ratio Year Spawners Return Rali() 

1956 B , , 1957 " 47 LIS 1958 4,791 25.645 5.35 1959 572 5.565 9.73 

lO6O B " , 1961 23 2723 118.39 1%2 J 1.935 72.180 6.05 ['1M 2.011 58,437 29.06 

1964 , 624 69.33 1965 '81 3,463 3.53 1%6 3U43 JIJ39 1.00 1%1 4,025 4.286 1.06 

1968 86 lJ»6 12.]6 1969 %1 34.612 35.94 1970 3.873 58.068 14.99 1971 281 18.043 64.21 

1972 190 15.283 80.44 1973 3.%3 68,592 17.33 1974 8,476 41.580 4.91 1975 3.175 1).549 4.27 

1976 1.042 8,042 7.72 1977 7.610 39,982 5.25 1978 9.978 111.765 11.20 1979 3575 52.683 14.74 

1980 1.800 12,225 6.79 1981 5.855 20,069 3.43 1982 23,867 211.035 8.84 1983 7,747 37.4M 4.84 

1984 1.551 30,535 19.69 1985 1.703 43.806 25.72 1986 14.291 %.752 6.77 1987 6,820 79.129 11 .60 

1988 1.068 249,057 233.20 

Average 821 45.2YJ 6L33 Average 2.642 26.674 26.35 Average 13,569 81.046 Avera£c 3.526 33,1'>45 17.44 

BIRKENHEAD RIVER 
1992 C YCLE YEA R 1993 CYCLE Y EA R 1994 CYCLE YEAR [995 C YC LE YEAR 

Number Tmal Rcturn 10 Number Tmal Rcturn (0 Number T{)\ai Return 10 Number TOIal Return to 

'''''''' of """'" Spawner """'" of "mod Spawner '''''''' ,f Bm'" Spawner Brood of 'rood Spaw""r 
Year Spawnrrs Remrn Ratio Year Spawners Rel urn Ratio yo. SpawncrJ Relurn Ratio Year Spawners Remrn Ratio 

1956 49,754 279.109 5.61 1957 14.536 75,666 5.21 1958 15.166 130.934 8.63 1959 26.159 268.572 10.27 

1960 36,838 168.936 4.59 1%1 31.68 1 131,851 4.16 1%2 26.369 103.783 3.94 1963 48,893 455.775 9.32 

1964 48,908 365.993 7.48 1%5 16.230 163,901 10.10 1966 20.116 317.710 15.79 1967 39,876 492.216 1234 

1968 57,947 285.925 4,93 1969 37,382 791.710 2U8 1970 30.656 736,305 24,02 1971 24,629 371.401 15,08 

1972 54,516 515.310 9.45 1973 56.653 328.391 5.80 1974 ]]9.637 918,966 7.68 1975 61,538 127.J67 2,07 

1976 77,305 631.463 8,17 1977 23.845 431,920 18.11 1978 94.782 1>66,224 7,03 1979 60,988 413.643 6,78 

1988 78.6 13 162.467 2.07 1981 49.023 265,886 5,42 1982 Jl9.783 1,821,549 15,21 1983 44,029 911,087 20.69 

1984 38.645 351.310 9.09 1985 11.905 410.145 34.45 1986 335.630 802,194 2.39 1987 952.916 21.64 5.78 

1988 166.591 176.514 1.06 

A"emge 67.680 326.336 5.83 Ayemge 30.157 324.934 1105 Avemge 95.262 687.211 10,59 Al-cra£c 58.870 499,122 10.29 

WEAVER CREEK 
1992 CYCLE YEA R [993 C YCLE YEAR 1994 CYCLE YEA R 1995 C YCLE Y EAR 

Number TOlal Relurn 10 Number TOlal RClurn to Number T{)\al Relurn t<:> Number TOlal Relurn 10 
'roOO of 

,_ 
Spawner "m'" of "roOO Spawner "roOO of Broof SpawHrr 'roof of '''''''' Spawner 

Year Spawners Rcturn R~tio Year Spawncrs Relurn Ralio Year Spawners R~turn Rati<:> Year Spawners Remrn Ratio 

1956 H.490 21.608 2,55 1957 20.237 8.842 0,44 1958 35.939 31.072 0.86 1959 8.363 39.259 4,69 

1960 7.033 4.623 066 1961 4,246 57.809 13.61 1%2 15.924 47.938 3.01 1961 14,469 166.479 11.51 

1964 1.196 25.040 20.94 1965 17.924 205.659 11.47 1966 19.489 76.161 3.91 1967 22.581 88.4tlS 3.92 

1968 3.799 155.396 40.9(J 1969 58.727 412.913 7.03 1970 10.435 384.038 36.80 197 1 4.990 155.255 31.11 

1972 25.738 342.374 13J0 1973 48.541 355.612 733 1974 6H193 276.337 4.31 1975 29.736 145.95J 4.91 

1976 49.932 304.515 6.10 1977 52.627 235.677 4.48 1978 75.171 1.3(,6.147 18.17 1979 45.026 141,028 3.13 

1980 73.830 364.714 4.94 1981 42.002 270.292 6.44 1982 294.083 1.5[11.237 5.10 1983 39.341 257.181 6.54 

1984 59.602 730.926 12,26 1985 36.545 129.310 1" 1986 110.736 54.481 0.53 1987 59.968 258,264 4JI 

1988 49.258 249.922 5.07 

A"eragt 30.9H6 244.346 11.86 A\"emge 35.106 209.514 6.79 A,'cr.;ge 78.234 467.176 'W A"crage 28.059 156.478 8.76 

HARRISON RIVER 
[992 C YC LE YE A R 1993 CYCLE YEA R 1994 C YCLE YEA R [995 CYCLE YEAR 

Number Total RelUrnto Number Total Return to Number T~I RClurn to Number TOlal Return t<:> 

"0',,, of 'm'" Spawner ,- ,f "0'''' Spawncr 
B_ 

of '''''''' Spawner '''''''' of Broof Spawner 
Yo. Spawners Return Ralio Yo. Spawners Relurn Ratio Yo. Spawners Return Ralio Year Spawne~ Relurn Riuio 

1956 2.586 96,972 37.50 1'l57 3.793 60,554 15.96 1958 14.701 59.892 4.07 1959 27.868 41.545 1.49 

1%fJ 17,210 29.451 L71 1961 42.773 13,225 OJI 1%2 8.162 50.812 6.23 1963 22.258 87.825 3.'lS 

1964 2.202 5l,204 23.25 1965 15.034 20.432 1.36 1966 32.646 55.444 1.70 1967 20.548 50.935 2.48 

1%8 5.379 17.838 3.32 1969 14.959 7.302 0.49 1970 1l.1>66 39.763 3.1 4 1971 3.790 84.459 11.285 

1972 1,346 1.%3 1.46 1973 1.116f1 34.273 11.20 1974 16,920 61.696 3.65 1975 5.987 79.412 13.26 

1976 5,130 24,781 4.83 1977 2.246 24.058 10.71 1978 19.717 41.006 2.08 1979 45.615 10.895 0,24 

1980 5.092 14,393 2.83 198 1 3.193 17.86<:1 5.60 1982 9.189 28.956 115 1983 4.239 17.910 4.23 

1984 1.267 5,710 451 1985 5.097 27.345 5J6 1986 31.143 3.39 4,29 1987 5.228 111.950 21.41 

1988 1.544 11,617 752 

Averdge 4.640 28,2 14 966 Awmge 11.269 25.632 6.37 Average 15.158 46.009 3.54 Average 16.9 .. 1 60.616 8.67 

Note: Return to Spawner Ratio is the ratio of total return to the escapement four years earlier. 

51 



UPPER PITT RIVER 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Numbc:r Tool Return 10 Number T"'" Return 10 Numbo,. .... T •• Return 10 Number T~1 RClUrn 10 

.""'" of . mod Spav.'ner .""'" of .""'" Spa""1lef .""'" of ' mod Spawner 'rood of .ruod Spawner 

Y'M Spawnom Return Ratio Ym Spawners Rclum Ratio Year SpaWIIm Return Rallo Year SpaWllCT'i Relum Ratiu 

1956 32.()9.l 70.323 2.19 "57 12.335 29.207 2.37 1958 10,381 16.535 I" 1959 15.731 62.493 3.97 

1960 24.510 33.314 136 1961 11.1 58 103,035 9.13 1962 16580 57.m 3.45 1963 12.680 142.935 ll.27 

1961 13.756 192.094 13.96 ".S '.966 38,984 S . ., 1966 20.842 77.701 3.73 1967 10.282 67.780 6.59 

1968 16.988 105.588 6.22 "" 25,073 61.083 2.4' 1970 6.642 55398 8.34 197 1 15.452 217.474 14.07 

19n 13.4 12 138.157 10.30 1973 11 .895 43. 163 3.63 1974 20,581 118.137 5.74 1975 39.920 65.701 16l 

1976 36.525 105.579 2.89 1977 13.852 34,27 1 2.41 197' 24.786 34.979 1.41 1979 37.542 38.8 18 103 

" .. 17,101 16,913 099 198 1 15.327 40.366 1.59 1982 8.708 18 . .569 2.13 1983 16.852 75.854 4.50 

1984 15,797 10,091 4.44 1985 3.560 lO.IIS 5.65 1986 29.177 40.800 lAO 1987 13.637 20.033 1.47 

1988 37.747 2.224 006 

Average 23.103 81,587 4.71 Averugc 13.771 46.278 4.12 Average 17.212 52,424 3.47 Avtruge 20.262 86.386 5.57 

CULTUS LAKE 
1992 CYCLE YEAR 1993 CYCLE YEAR 1994 CYCLE YEAR 1995 CYCLE YEAR 

Number Tool Refumlo NurntlC'r T." Relum 10 N"umber Toral Return to Number T~1 Return 10 

.""'" of '''''''' S"'_ 'rood 0( ' rood Spawner .mod ,f ' rood Spawner 

,_ 
of 'mod Spawner 

Y'M Spawners Relurn RallO Year Spawners Return Ral io Ym Spawners Relum RatiO YCM Spawners Return Ratio 

1956 13.116 37,285 2.72 1957 20,)75 28.920 1.42 1958 13.324 71552 5.37 1959 47.779 82,109 1.72 

1960 17.640 41.1X19 2.32 1961 13.396 13.083 0.98 1962 ".997 60. 11 1 2.23 1963 20.303 322,265 15.87 

1964 11 .067 75.808 6.85 19" 2,455 32.600 13.28 1966 16,919 133.772 7.9 1 1967 33.198 150.058 4.52 

1968 25.314 ~.800 2.16 1969 5.942 7.963 134 1970 13.941 ".801 3.21 197 1 9.128 49.467 5,42 

1972 10.366 31.462 I .. 1973 641 749 1.1 7 1974 8.9S4 29.917 3.33 1975 11.349 115.787 10.20 

1976 4.435 6.129 1.38 1977 81 1.571 19.16 1978 5.076 75.291 1-1.83 1979 32.031 110.5().I 145 

1980 1.657 4.825 2.91 1981 256 1.544 6.03 1982 6.215 18.839 1.13 1983 19.944 96.114 4.82 

19" '" '.069 '.09 1985 424 3.283 7.7;' 1986 3.256 13,817 4.24 1987 81.386 4.08 153 

1988 '61 1.791 2.08 

Average 9,561 28.515 3.06 Average 5.446 11.214 6.39 A"erage 13.153 56.0B 5.28 MeTage 25.740 125.961 607 

Note : Return to Spawner Ratio is tbe ratio of total return (0 the escapement rour year S earli er. 
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Appendix 3. Estimated spawning ground capacity for Fraser River sockeye . 

USABLE CAPACITY 

WATERSHED AREA(m 2) (No. Spawners) 

Pitt 85,000 70,000 

Cultus 28,000 56,000 

Harrison 447 ,000 428 ,000 

Seton/Anderson 16,000 29,000 

Nahatlatch 150,000 281 ,000 

Adams 637,000 1,557,000 

Kamloops 124,000 237,000 

North Barriere 8,000 15,000 

Shuswap 1,182,000 3, 132,000 

Marble 209,000 546,000 

Chilko 334,000 593,000 

Taseko 17,000 3 1,000 

Quesnel 892,000 2,405,000 

Francois 102,000 21 ,000 

Fraser 235,000 434,000 

Stuart 253 ,000 465 ,000 

Trembleur 518,000 962,000 

Takla 260,000 544,000 

Bowron 18,000 45 ,000 

TOTAL 5,5 15,000 11 ,85 1,000 
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Appendix 4. Estimated rearing capacity for juvenile sockeye in selected lakes of the Fraser 
Ri ver watershed. 

AREA REARING .CAPACITY 

LAKE (km2) (spawner equivalents) 

Pitt 53.8 663,000 

Cultus 6.3 80,000 

Harrison * 217.8 3,831,000 

Seton/Anderson 52.6 429,000 

Nahatlatch 3.8 35,000 

Adams 137.6 1,923,000 

Kamloops 55.8 50,000 

North Barri ere 5.2 124,000 

Shuswap 309.6 4,019,000 

Mabel 58.7 809,000 

Chi lko 200.3 686,000 

Quesnel * 271.9 4,7 12,000 

Francois * 257.8 2,805,000 

Fraser 54.6 1,091,000 

Stuart * 364.2 7,642,000 

TrembleurfTakla * 382.9 3,406,000 

Bowron 10.1 108,600 

McKinley 5.1 6 1,000 

TOTAL 2,448. 1 32,474,000 

* Lakes with the greatest potential for rearing larger populations of sockeye juveniles. 
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Appendix 5. Interi m spawning escapemenl goals for Fraser River sockeye stock group and 
major river by cycle year. 

STOCK 
CYCLE YEAR 

GROUP Stock 1993 1994 1995 1996 

EARLY 
STUART Early Sluart 500,000 200,000 280,000 200,000 

EARLY 

SUMMER Bowron River 45 ,000 45 ,000 45 ,000 45,000 

Fennel Creek 15,000 15,000 15,000 15,000 

Gales Creek 21,000 21 ,000 21,000 21,000 

Nadina River 35,000 35,000 35,000 35,000 

Upper Pitl River 69,000 69,000 69,000 69,000 

Raft Ri ver 13,000 13,000 13,000 13,000 

Scotch Creek 84,000 84,000 84,000 84,000 

Seymour Ri ver 117,000 117,000 117,000 117,000 

Miscellaneous 

SUB TOTAL 399,000 399,000 399,000 399,000 

SUMMER 

RUNS Chilko Ri ver 100,000 600,000 600,000 600,000 

Chilko Lake 224,000 224,000 224,000 224,000 

Quesnel System 2,200,000 2,200,000 250,000 250,000 

Late Stuart 500,000 300,000 200,000 50,000 

Stellako River 100,000 300,000 300,000 100,000 

SUB TOTAL 3, 124,000 3,624,000 1,574,000 1,224,000 

LATE 

RUNS Lower Adams River 100,000 2,300,000 2,300,000 100,000 

Lower Shuswap 50,000 1,200,000 1,200,000 50,000 

Birkenhead River 300,000 300,000 300,000 300,000 

Weaver Creek 80,000 80,000 80,000 80,000 

Cultus Lake 56,000 56,000 56,000 56,000 

Hanison Ri ver N/A N/A N/A N/A 

Portage Creek 8,000 8,000 8,000 8,000 

Miscellaneous 100,000 100,000 100,000 100,000 

SUB TOTAL 694,000 4,044,000 4,044,000 694,000 

TOTAL 4,717,000 8,267,000 6,297,000 2,5 17,000 
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PR INTED IN CANADA ON RECYCLED PAPER 


