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ABSTRACT

Wood, C.C., D.T. Rutherford, D. Bailey, and M. Jakubowski. 1998. Assessment of sockeye
salmon production in Babine Lake, British Columbia with forecast for 1998. Can. Tech.
Rep. Fish. Aquat. Sci. 2241: 50 p.

The Babine-Nilkitkwa lake system is the largest natural lake in British Columbia (500 km?). It
also supports the largest sockeye salmon (Oncorhynchus nerka) population in Canada, a total adult
stock that has averaged over 4 million annually since 1990. This report provides a comprehensive
assessment of sockeye production from the Babine-Nilkitkwa system in that it brings together, for the
first time in many years, recently compiled information on trends in spawning escapements by run
timing group, fry recruitment, smolt production, adult returns, harvest rate, and surplus production
from Babine Lake Development Project (BLDP) facilities. Exploitation rate on Skeena River sockeye
has increased over the last decade, averaging 68% since 1990, and exceeding 70% in 1996 and 1997.
Recent escapements to enhanced sites in Babine Lake have exceeded spawning requirements such that
over a third of the Babine fence count has been surplus produced by the BLDP. Enhanced fry now
account for about 90% of fry recruitment to the main basin. As expected, increased fry and smolt
production has increased adult returns although the relationship between adult returns and smolt
abundance is non-linear. Available data indicate that further increases in adult returns could be expected
by increasing smolt production, and that fry recruitment is still below levels required to yield maximum
smolt biomass. However, prespawning mortality at the BLDP sites in 1994 and 1995 caused by
parasitic infections has significantly reduced fry recruitment and smolt production. Near record low
smolt production and jack returns from the 1993 brood, together with near record low smolt
production and age 4 returns from the 1994 brood, provide clear signals that adult returns in 1998 and
1999 will be much lower than in recent years. The smolt forecast model indicates a 75% chance that
adult returns to the Skeena River in 1998 will exceed 820,000 sockeye, and a 50% chance that returns
will exceed 1,420,000 sockeye.



RESUME

Wood, C.C., D.T. Rutherford, D. Bailey, and M. Jakubowski. 1998. Assessment of sockeye
salmon production in Babine Lake, British Columbia with forecast for 1998. Can. Tech.
Rep. Fish. Aquat. Sci. 2241: 50 p.

Le bassin Babine-Nilkitkwa est le plus grand lac naturel de la Colombie-Britannique (500
km?). 11 abrite la plus importante population de saumon rouge (Oncorhynchus nerka) du Canada
avec un stock d’adultes dont I’effectif annuel moyen est supérieur a 4 millions de poissons depuis
1990. Le présent document de travail constitue une évaluation détaillée de la production de
saumon rouge du réseau Babine-Nilkitkwa et regroupe, pour la premiére fois depuis plusieurs
années, des renseignements récemment compilés sur les tendances des échappées de géniteurs en
fonction du moment des remontées, du recrutement d’alevins, de la production de saumoneaux,
des remontées d’adultes, du taux de récolte et de la production excédentaire des installations du
projet de mise en valeur du lac Babine. Le taux d’exploitation du saumon rouge de la riviére
Skeena a augmenté au cours de la derniére décennie pour atteindre en moyenne 68 % depuis 1990
et dépasser 70 % en 1996 et 1997. Les échappées récentes vers les sites mis en valeur du lac
Babine ont été supérieures aux besoins du frai de sorte que plus du tiers des poissons dénombrés a
la barriére de comptage du lac étaient des excédents produits par les installations du projet. Des
alevins des travaux de mise en valeur représentent maintenant 90 % environ du recrutement en
alevins du bassin principal. Comme prévu, I’augmentation de la production d’alevins et de
saumoneaux a donné lieu a une augmentation des remontées d’adultes mais la relation entre les
remontées d’adultes et I’abondance des saumoneaux n’est pas linéaire. Les données montrent que
I’on peut escompter d’autres augmentations des remontées d’adultes d’une augmentation de la
production de saumoneaux et que le recrutement d’alevins est encore inférieur au niveau donnant
lieu a I’atteinte de la biomasse de saumoneaux maximale. Mais une mortalité d’avant le frai aux
sites du projet en 1994 et 1995, due au parasitisme, a réduit de fagon appréciable le recrutement
en alevins et la production de saumoneaux. Les valeurs faibles presque records de la production
de saumoneaux et du retour de saumons males des géniteurs de 1993 de méme que de la
production de saumoneaux et des retours de poissons d’age 4 (géniteurs de 1994) sont des indices
clairs que les remontées d’adultes de 1998 et 1999 seront de beaucoup inférieures a celles des
années antérieures. Le modéle de prévision des saumoneaux fait état, pour 1998, d’une probabilité
de 75 % d’une remontée de saumons rouges supérieure a 820 000 poissons et d’une probabilité
de 50 % d’une remontée supérieure a 1 420 000 saumons dans la Skeena.
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PREFACE

This report contains data and analyses previously reviewed and approved by the Pacific Stock
Assessment Review Committee (DFO Can. Stock Assess. Sec. Res. Doc. 97/45). However it should
be noted that smolt size data for brood years 1991-1995, and analyses involving these data, have been
revised in this report. Appendix 1 also includes recently revised escapement estimates to some
enhanced sites in Babine Lake.



INTRODUCTION

The Babine-Nilkitkwa lake system is the largest natural lake in British Columbia with a surface
area of 500 km? (Figure 1). It also supports the largest sockeye salmon (Oncorhynchus nerka)
population in Canada. The total stock is estimated to have averaged over 4 million adults annually since
1990.

The Fisheries Research Board of Canada began investigations of sockeye salmon in the Babine
system in the 1940s and extensive data have been gathered to date (e.g., McDonald and Hume 1984
and references therein). Three distinct runs (early-, mid-, and late-timing) have been identified by
tagging studies (Smith and Jordan 1973). We consider these runs to be subpopulations, rather than
distinct populations, because they are connected by relatively high levels of gene flow as estimated
from surveys of genetic variation in allozymes (Varnavskaya et al. 1994), mitochondrial DNA and
microsatellite DNA (C.C. Wood, J.W. Bickham, and J.C. Patton, unpubl. data). Early investigations
also revealed that sockeye salmon production from Babine Lake was limited by the availability of
suitable spawning habitat (Johnson 1958). These conclusions led directly to the Babine Lake
Development Project in the 1960s, an ambitious enhancement project involving the construction of
flow control structures and large spawning channels in Pinkut Creek and Fulton River (West and
Mason 1987).

Sockeye salmon production from Babine Lake increased significantly as a result of the Babine
Lake Development Project (BLDP). At least 90% of Skeena sockeye salmon now originate from the
Babine-Nilkitkwa system (West and Mason 1987; McKinnell and Rutherford 1994) compared with less
than 80% prior to 1970 (Brett 1952). Unfortunately, the resulting mixture of enhanced and wild stocks
in commercial fishing areas has created conflict among user groups and an awkward situation for
managers who must choose between maximizing the catch of enhanced Babine sockeye salmon with
concomitant loss of production from other wild, less productive stocks, or ensuring the conservation
and continued production from non-enhanced sockeye salmon stocks and other salmonid species by
foregoing harvest opportunities on enhanced sockeye salmon in the mixed-stock fishing areas. Sprout
and Kadowaki (1987) provide an historical account of the management of Skeena River sockeye
salmon fisheries.

Stock assessment of Babine sockeye salmon has been complicated by several factors: First,
Babine sockeye salmon are harvested in numerous mixed-stock fisheries in Southeast Alaska and
northern British Columbia, so that the total catch cannot be known with certainty. Recently revised,
best estimates of total Skeena River sockeye salmon returns based on a sophisticated run
reconstruction analysis by Gazey and English (1996) are now available however. Second, overall
escapements to Babine Lake are known accurately from fence counts in the Lower Babine River since
the 1940s, but these data require careful interpretation because of surplus production returning to the
enhanced sites. In the past, puzzling discrepancies between the overall fence count and summed
estimates of escapement to individual spawning sites were attributed to an uncensused "lake spawning"
population. However, Wood et al. (1995) demonstrated that opportunities for lake spawning are
extremely limited within Babine Lake; they also suggested a parsimonious approach for estimating the
uncensused (surplus) production returning to the enhancement facilities after correcting visual
escapement estimates for the early-, mid-, and late-timing runs for obvious bias. Finally, annual smolt



production from Babine Lake has been estimated since the 1950s, but interpretation of these data has
been complicated by the existence of both early- and late-migrant smolts and by enhancement.
Macdonald et al. (1987) analyzed smolt production data for brood years 1959-1983, and Wood et al.
(1995) compiled additional data for brood years 1984-1993.

This report provides a comprehensive assessment of sockeye salmon production from the
Babine-Nilkitkwa lake system in that it brings together, for the first time in many years, recently
compiled information on trends in spawning escapements, fry recruitment, smolt production, adult
returns, harvest rate, and surplus production from BLDP facilities. We use these data to assess whether
the total production of smolts and adults from Babine Lake is close to the maximum level that can be
expected, and whether current management targets and policy have had any undesirable impacts on
wild sockeye salmon production within Babine Lake. We also derive forecasts expressed as cumulative
probability distributions for adult sockeye salmon returns to the Skeena River in 1998. Prespawning
mortality at the BLDP sites in 1994 and 1995 caused by parasitic infections, and abnormally low fry-to-
smolt survival, have significantly reduced fry recruitment and smolt production for brood years 1993-
1995. Consequently, we are advising that adult returms may decline dramatically until the year 2001.

METHODS
DATA SOURCES

Spawning Escapements

Since 1949, all sockeye salmon returning to Babine Lake have been counted at the Babine
River fence situated 1 km below the outlet of Nilkitkwa Lake. Escapement data in Appendix 1 are
from the Area 4 spreadsheet tables maintained by Fisheries and Oceans Canada (DFO) staff in Prince
Rupert (file: 4esc.xls). Entries are generally consistent with data in the regional Salmon Escapement
Database System but they allow for finer spatial resolution of spawning sites. Visual estimates of
sockeye salmon abundance have been documented for most early-timing and mid-timing lake tributary
spawning sites since 1950. Since 1966, spawning escapements to Fulton River and Pinkut Creek and
associated spawning channels have been counted through fences maintained as part of the Babine Lake
Development Project. Once target escapements for these rivers and spawning channels have been met,
the fences are closed and escapements below the fences are estimated by systematic visual surveys
(Appendix 1) but an unknown proportion also remains uncounted in Babine Lake. Late-timing runs to
the Upper and Lower Babine rivers were enumerated by mark-recapture techniques from 1976 to 1992
and by visual surveys in other years.

Escapements By Run Timing Group

In most years, the sum of escapements to individual spawning sites is significantly less than the
Babine fence count, and fish unaccounted for are referred to here as "uncounted" (Appendix 1).
Previously, uncounted fish were recorded as "lake spawners" although there was no evidence that
spawning occurred to any significant extent within Babine Lake itself. In fact, recent studies indicate



that lake spawning accounts for a negligible proportion of the uncounted escapement (see Wood et al.
1995).

The visual estimates of "surplus" enhanced fish shut below fences in the Fulton and Pinkut
systems account for most but not all of the uncounted fish in recent years. However uncounted fish
also existed prior to the earliest measurable return of enhanced fish in 1970, which suggests that
spawning escapements to the various tributaries were generally underestimated by visual survey and/or
mark-recapture techniques. Wood et al. (1995) used a simple but parsimonious algorithm to correct
estimates of escapement to unenhanced streams, grouped according to their run timing as early-, mid-,
or late-timing streams, and considered that any remaining uncounted fish were surplus enhanced fish.
We followed this approach to update the adjusted escapement data series in Wood et al. (1995).

Fry Recruitment

Following McDonald and Hume (1984) and Wood et al. (1995), we assumed that an average
of 233 fry were produced by each sockeye salmon spawning in natural streams. In this context, natural
streams include all spawning sites except those in Fulton River and Pinkut Creek after the initiation of
the Babine Lake Development Project in 1966.

From 1966 to 1993, Habitat and Enhancement Branch staff have enumerated sockeye salmon
fry originating from spawning sites above the adult counting fences in Fulton River and Pinkut Creek
using fixed-position, converging throat traps or fan traps (West and Mason 1987). The total migration
is estimated by weighting catches in index traps by time and cross-sectional area fished (details in
Ginetz 1977). Egg-to-fry survival was calculated by dividing the estimate of fry production by an
estimate of potential egg deposition based on adult counts, sex ratio, fecundity and egg retention data
(D. Bailey unpubl. data).

.Fry production from spawning sites below the adult counting fences was estimated very
approximately from visual estimates of the number of spawners below the fence (Appendix 2) and sex
ratio, fecundity and egg retention data, and egg-to-fry survival rates observed for fish spawning
upstream of the fences. However, spawning habitat below the fences was considered sufficient for
successful spawning by a maximum of only 50,000 spawners in Fulton River and 5,000 spawners in
Pinkut Creek; additional spawners were assumed to produce no additional fry because of

overcrowding and superimposition of redds, and thus were considered surplus (as in Wood et al.
1995).

Smolt Production

Smolt migrations out of Babine Lake have been sampled and enumerated by mark-recapture
near the outlet of Nilkitkwa Lake annually since 1951 except for 1989 when the program was not
funded. We recomputed mark-recapture estimates of abundance data (with estimates of variance) using
a new (1996) implementation of the parsimonious model of Macdonald and Smith (1980) provided by
P.D.M. Macdonald (Department of Mathematics and Statistics, McMaster University, Hamilton, Ont.,
L8S 4K1). The smolt estimate for the 1984 brood year was excluded from our analyses because the
parsimonious model did not fit the mark-recapture data adequately, suggesting that assumptions of the



analysis were inappropriate; smolt estimates based on the conventional “constant sampling fraction”
model which makes different (but also questionable) assumptions are presented in Table 2, but not
used. In addition, the smolt estimate for the 1995 brood year should be regarded as a minimum
estimate because flooding conditions in 1997 required that the mark-recapture program be aborted
before the normal termination date, although after the normal date of peak migration.

Smolt size and abundance data for brood years 1949-1959 are from the unpublished records of
H.D. Smith (available from C. Wood); abundance estimates for these years are considered less reliable
than in later years because tagging procedures were still being developed and estimates were based on
the constant sampling fraction model (see Macdonald and Smith 1980). Smolt size data for brood years
1959 to 1983 were taken from Macdonald et al. (1987), and for brood years 1984-1991, from Wood et
al. (1995). These published data refer to preserved weight after 30 d in 10% formalin. Since 1994
(brood year 1992), large samples of smolts have been measured and released alive, and relatively small
samples, stratified by size, have been preserved in formalin. To permit comparison with previous
collections, the length of fresh smolts was multiplied by 0.96 to estimate preserved length (Parker
1963; Macdonald et al. 1997). Preserved weight was then calculated from (estimated) preserved length
using the regression equation In(preserved weight) = 2.9604 In(preserved length) - 11.3725 based on
our collections of preserved Babine sockeye smolts. To correct for bias associated with back-
transformation, the mean preserved weight for each year was estimated as exp(j1 + 0.50%) where 1 is
the estimated mean In(preserved weight) and o is the estimated standard deviation of In(preserved

weight).

Tagging studies have confirmed that fry originating from the Upper and Lower Babine rivers
and a few small tributaries to Nilkitkwa Lake and the North Arm of Babine Lake rear primarily within
Nilkitkwa Lake and the North Arm; these juveniles emigrate as "early-migrant" smolts (Macdonald and
Smith, unpublished MS, Department of Mathematics and Statistics, McMaster University, Hamilton,
Ont., L8S 4K1). In contrast, fry emerging from other tributaries to the main basin of Babine Lake rear
primarily within the main basin and emigrate one to two weeks later as “"late-migrant” smolts. The
parsimonious model estimates a transition day that best separates the early and late smolt migrations
based on observed differences in the time lag between release and recapture. In years when distinct
modes in abundance are evident for the early and late migrants, the transition day can also be obtained
by inspection (see Figure 2). However, estimates from the parsimonious model almost invariably
concur with those based on trends in daily abundance, and are considered to be more objective and
precise. Estimates of transition day only affect conclusions about the relative magnitude of the early-
and late-migrant subpopulations. Estimates of the early-migrant subpopulation are considered to be less
reliable than for the late-migrant subpopulation because in some years it was obvious that an unknown,
but significant proportion of the early migrants had migrated before the mark-recapture program
began.

Following Wood et al. (1995), we assumed that early-migrant smolts originated only from late-
timing adults spawning in the Upper and Lower Babine rivers, thus ignoring the minor contributions of
smolts from early-timing adults spawning in tributaries to Nilkitkwa Lake and the North Am.
Similarly, we assumed that late-migrant smolts originated only from the early-timing and mid-timing
adults whose fry rear in the main basin of Babine Lake (including Morrison Arm).



Adult Returns

Skeena River sockeye salmon are caught in a complex array of mixed-stock fisheries in
southern Southeast Alaska and throughout northern British Columbia. Catch data by major stock have
recently been revised for 1970-1996 based on run reconstructions by Gazey and English (1996) for
1982-1992 and stock composition estimates for 1982-1983 from a joint Canada-U.S. tagging study.
Despite the many assumptions involved, the revised estimates of total returns to the Skeena River are
probably satisfactory for most assessment purposes, given that Skeena sockeye salmon are
predominant in the mixed-stock catches. In this report, we have used the revised total stock (by
calendar year) and total return (by brood year) data reported by Wood et al. (1997) for years 1970-
1996. We extended the time series of returns by brood year back to 1950 by including estimates of
returns from brood years 1950-1969 reported by Macdonald et al. (1987). The estimates prior to 1970
do not include Alaskan catches, but these were relatively small.

To estimate adult returns to Babine Lake, we have assumed that 90% of all age 1.2 and 1.3
Skeena sockeye salmon originated from Babine Lake. This approximation is based on data in
McKinnell and Rutherford (1994) and probably overestimates Babine returns prior to 1970; it may also
underestimate Babine returns in some years after 1970. Age 1.1 or “jack” sockeye salmon are not
caught to any significant extent in fisheries until after they are enumerated at the Babine fence. Thus,
we used the Babine fence count of jack sockeye salmon as the best estimate of age 1.1 returns to
Babine Lake (see Appendices 3 and 4). Elsewhere the Babine fence count of jacks is reported as the
(minimum) estimate of age 1.1 returns to the entire Skeena system (e.g., Wood et al. 1997).

FORECASTING MODELS

Three models were used to forecast Skeena sockeye salmon returns in 1998:
(1) the 5-yr mean model used in previous years (Wood et al. 1997)

In(Njogg) =a= 2 In(N;)/5S fori=1993 to 1997

where N; is the total stock size in year i;

(2) anon-linear stock-recruitment relationship based on observed smolt production
In(R)=a+bIn(J) +¢

where R, is the adult return and J; is the smolt abundance for brood year t. Parameter estimates based
on the entire data series are a= 5.615 and b=0.502 for R, and J; in millions of fish.

(3) and a non-linear sibling age-class model (Bocking and Peterman 1988) based on observed returns
of a younger age class from the same brood year

In(R1) = a +bIn(Ryy) +€



where Ryx is the adult return at age k in brood year t. Parameter estimates based on the entire data
series are a= 5.617 and b=0.691 for predicting R4 and a= 5.785 and b=0.599 for predicting R g3 5
(in millions of fish).

Probability distributions for the forecasts were computed by assuming that residuals in the log-
transformed domain are normally distributed. Forecasted run sizes corresponding to risk averse
probability reference points of 75% and 50% were then transformed back to the arithmetic scale. The
modal (most likely) run size in the log-transformed domain corresponds to the median (50%) value in
the original (arithmetic) scale. Cumulative probability distribution plots were generated from the
student’s ¢ distribution function (tcf) in SYSTAT using estimated means and standard deviations in the
log-transformed domain. For the 5-yr mean model, the standard deviation was computed from the
series used to compute the forecasts (i.e., the most recent five years). For the regression models, means
and standard deviations for the forecasted log-transformed stock sizes were computed as:

4) E[ln(Ry)] =a + b Xioos

() SD[In(RY]= sy{1+ 1/n+ Xis7 - Xinesn)/ Z(Xi = Xesn)'} **
where a and b are the regression parameters, sy is the standard error of the estimate, X005 is the
independent variable (number of smolts or returns for a sibling age class for the brood retuming in
1998), Xmean 1 the average value of the independent variable, and n is the number of data points in the
regression (Draper and Smith, 1966).

For models (2) and (3), we computed total stock size for 1998 by combining forecasts of

returns from the 1993 and 1994 brood years. For the smolt model, we assumed the long-term average
proportion of returns at age 4 (qs= 0.45) within each forecasted brood year, so that Nigos = q4Riges +

(1-q4)Ryes3. As a simple but conservative approximation, ignoring bias from transformation, we
assumed

(4)  E[In(Nisss)] ~ In{qeexp(E[Ri904]) + (1-qa)exp(E[Ruo03]) }
(5)  SD[In(Nisss)] ~ max{SD[In(Risss), SD[In(R1993)]}

The latter assumption seems reasonable because the forecasted contributions from each brood year are
very similar.

For the sibling model, Niogg = Riggs 4 + Risgs s and we assumed
(6)  E[In(Nisos)] ~ In{exp(E[Riso4,]) + exp(E[Ris535])}
(7)  SD[In(Nis9s)] ~ SD[In(R193)]

because the forecasted contributions from the 1993 brood year accounted for over 90% of Njgos.



RESULTS AND DISCUSSION

TRENDS IN ABUNDANCE

Spawning Escapements

Spawning escapements to Fulton River and Pinkut Creek increased dramatically following the
first significant return of enhanced sockeye salmon in 1970 (Figure 3). Escapements exceeded
requirements for the first time in 1975 in Fulton River and in 1981 in Pinkut Creek (Appendix 1).
These fish are considered surplus under the assumption that they cannot contribute to fry production
given the overcrowded conditions in the streams below the fences and the limited occurrence and poor
reproductive success of surplus fish spawning in Babine Lake or neighbouring streams (see Wood et al.
1995). Since 1981, surpluses have returned to Pinkut Creek in every year except 1983, and to Fulton
River in 10 of 16 years. Best estimates of total enhanced surplus over the same period have averaged
46% (range 31-63%) of the total enhanced run counted through the Babine fence or 36% (range 24-
55%) of the total fence count (Table 1).

Total escapements to unenhanced spawning sites declined between 1970 and 1985 but have
since rebuilt to their former abundance . However, trends differ among run timing groups (Figure 3).
The early-timing run appears to have declined since exploitation of BLDP returns began in 1970,
although average escapements are not statistically different before and after enhancement (p>0.36,
Wilcoxin-Mann-Whitney test). In contrast, the unenhanced component of the mid-timing run decreased
significantly after 1970 (p<0.003) and has not recovered since 1985 (p>0.77). The relatively large late-
timing run drives the total pattern and appears to have declined between 1970 and 1985, and to have
increased slightly thereafter (Figure 3); however, average escapements in these three periods (pre-1970,
1970-1985, and 1986-1987) were not statistically different (p=0.39) because of high variability in
escapements during the first and last period.

Fry and Smolt Production

Main Basin: Average fiy recruitment to the main basin has increased over threefold following
enhancement, from an average of 55.1 million (1260 fry/ha) to an average of 172.3 million fish (3940
fry/ha) (Table 2, Figure 4). Smolts from the main basin showed a corresponding increase in average
abundance from 19.6 million (449 smolts/ha) to 72.4 million (1660 smolts’ha) annually (Figure S).
Smolt production from the main basin in 1994 (1992 brood year) set a new record at 188.7 million
(SE= 8.8 million, 4320 smolts/ha). Wood et al. (1995) suspected that this estimate was biased high
because it implied “an improbable emergent fry-to-smolt survival rate of 83%, and was over three times
larger than the hydroacoustic estimate of fry abundance (56 million) from surveys the previous fall (K.
Shortreed and J. Hume, DFO, pers. comm.)”. However, this brood year has subsequently produced
record numbers of adults within each age class. In retrospect, it appears that the estimates of fry
abundance for the 1992 brood were likely too low.

The BLDP has accounted for the vast majority of fry recruitment to the main basin of Babine
Lake (mean=89%, range=63-98%) and most from the entire Babine-Nilkitkwa system (mean=67%,



range=33-85%). Infection by the “ich” parasite (white spot disease) caused high prespawning
mortality at both enhancement sites in 1994 and 1995 (Traxler et al. 1998). As a result, BLDP fry
production from the 1994 and 1995 broods was <60% of the 1984-93 average. Observations in
1994 also confirmed the presence of the parasite in other locations within the watershed
(Morrison River, Pierre Creek and Babine River). Consistent with these observations, total smolt
production from the 1994 and 1995 brood years has fallen to the lowest level observed since
production from the BLDP began (<20 million). The parasite was present during spawning in
1996, but at low levels, and fry recruitment from the BLDP returned to above average levels.
However, moderate levels of parasite-induced prespawning mortality were again reported at both
enhancement sites in 1997, so that fry production is expected to be 20 - 30% below target levels
(M. Higgins and M. Kent, DFO, Pacific Biological Station, unpubl. report).

It should be recognized, however, that prespawning mortality cannot have been solely
responsible for the recent decline in smolt production. Smolt production was unusually low for
the 1993 brood year before any prespawning mortality due to ich infection had been observed.
Moreover, fry-to-smolt survival, estimated after prespawning mortality, has been below average
and declining since the 1993 brood year (Table 2). These facts suggest that some other agent of
mortality may also be responsible. IHN disease has been detected at low titres in sockeye salmon
fry from the BLDP facilities in some years, including the recent years of poor survival (G. Traxler
DFO, Pacific Biological Station, unpubl. data). However, it is not known whether the THN virus
poses a threat to wild juvenile sockeye salmon when present at such low titres.

Nilkitkwa Lake: Prior to brood year 1966, over 35% of sockeye salmon smolt production from
the Babine system were early-migrant smolts, attributed to Nilkitkwa Lake and the north arm of
Babine Lake (Table 3). Early-migrant smolt production has declined dramatically from an average
of 11.9 million smolts from brood years prior to 1970, the year enhanced returns were first
exploited, to an average of only 2.7 million during the most recent decade (brood years 1985-
1994) (p<0.001, Figure 6 ). This trend generally follows the trend of decreasing escapements to
the Upper and Lower Babine River over the same period, except that the unusually large
spawning escapements recorded in brood years 1985, 1992 and 1993 apparently failed to produce
commensurate numbers of smolts (see Figure 7 and discussion in the next section).

Adult Returns

Adult returns to Babine Lake averaged 1.0 million sockeye salmon per brood year before 1966
(the first enhanced brood), and 2.7 million thereafter. In fact, adult returns have increased more or less
steadily such that adult returns from the last five complete brood years (1988-1992) have averaged 4.3
million of which 86% is attributed to the BLDP (Figure 8). Adult returns for the most recent complete
brood (1992) set a new record at 6.08 million (Table 3).



PRODUCTIVITY

Factors Limiting Fry Recruitment

Egg-to-fry survival and overall incubation capacity at the enhanced sites are the main
factors affecting fry recruitment from the BLDP sites and the entire Babine system. BLDP fry
have accounted for as much as 98% of the estimated fry recruitment to the main basin, and 85%
of the estimated fry recruitment to the entire Babine-Nilkitkwa system. Egg-to-fry survival at the
two major BLDP spawning channels has averaged about 50% in normal (disease-free) years,
although it has varied by an order of magnitude from 7-76% in the large Fulton spawning channel,
and 9-83% in the Pinkut channel. At present, parasitic infections causing prespawning mortality,
and the unidentified factor causing abnormally low fry-to-smolt survival, have emerged as
potentially serious limitations to future fry production from BLDP. Further research is
recommended to determine how these sources of mortality may be ameliorated as soon as
possible.

Recent surveys were undertaken (with “Skeena Green Plan” funding) to assess the
feasibility of enhancing Morrison River sockeye salmon, both to increase fry recruitment to
Morrison Arm, and to increase the productivity of the run to ensure its conservation while
permitting increased harvest rates on Pinkut-Fulton sockeye salmon with the same run-timing.
The surveys confirmed that fry densities are typically lower in Morrison Arm than in the main
basin of Babine Lake (K. Shortreed and J. Hume, Cultus Lake Laboratory, Science Branch,
unpubl. data), despite unused and apparently suitable spawning habitat in the Morrison River and
its tributaries (D. Lofthouse, DFO, Vancouver, pers. comm.). This suggests that wild spawning
escapements to the Morrison River system currently limit, and given selective fisheries on mid-
timing sockeye salmon, will likely continue to limit fry recruitment to Morrison Arm. No decision
regarding enhancement has been made yet for the Morrison system, and current activities focus on
improving opportunities for wild spawning through beaver dam control.

Spawning escapements to the Upper and Lower Babine rivers appear to be limiting fry
recruitment to Nilkitkwa Lake. Late-timing escapements and early-migrant smolt abundances
remain below average levels recorded before 1970. This implies that current escapements are not
adequate to fully seed Nilkitkwa Lake, assuming that the quality of incubation or rearing habitat
has not changed. However, the poor levels of early-migrant smolt production resulting from
apparently very large late-timing escapements in brood years 1985, 1992, and 1993 is puzzling
because it appears inconsistent with previous levels of smolt production from moderate to high
escapements (Figure 7). The early-migrant smolt migration was seriously underestimated for the
1991 brood because of unusually early migration in 1993, so this estimate was omitted from
Figure 7. However, nothing abnormal was reported for the smolt enumeration of brood years
1985, 1992, and 1993. We are uncertain whether to attribute the discrepancy to errors in fitting
transition dates to separate the early- and late-migrant smolts, unreliable escapement estimates,
prespawning mortality at high density, or unusually poor egg-to-smolt survival. This uncertainty
can only be resolved by research to assess potential egg deposition and subsequent fry-to-smolt
survival.
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Factors Limiting Smolt Production

Increased fry recruitment from the BLDP has not caused a detectable reduction in fry-to-smolt
survival in the main basin of Babine Lake. Calculated emergent fry-to-smolt survival has been highly
variable but without trend, and it is uncorrelated with fry density (Figure 9). The high variation in
calculated survival is at least partly due to imprecision in the estimates of fry and smolt abundance as
evidenced by several years of unbelievably high survival (e.g., >100% for brood year 1962, and >80%
for brood years 1979 and 1992). Even after excluding these improbable values, fry-to-smolt survival in
the main basin appears to have increased following enhancement from an average of 28% (range 6-
55%) to 42% (range 17-71%) (p<0.03,  test). However, this may simply indicate that fry production
from unenhanced sites was less than has been assumed (here and in previous reports, McDonald and
Hume 1984; Macdonald et al. 1987). Underestimation of wild fry recruitment would also result in
overestimation of BLDP contributions to smolt production; this may explain why estimates of BLDP
contributions based on smolt production (Figure 4) generally exceed those based on escapement data
(Table 1). Record high adult retums from the 1992 brood also suggest that the smolt abundance
estimate for that year was more reliable than the fry recruitment estimate.

Smolts emigrating from Babine Lake are predominantly (>98%) yearlings (McDonald and
Hume 1984). Until recently the trend of increasing juvenile density in the main basin was associated
with a steady decrease in average smolt size (Figure 10) because smolt size is negatively correlated
both with fry (Figure 11) and smolt (Figure 12) abundance for the corresponding brood year. Even so,
the average weight of yearling smolts resulting from brood years of maximum fry recruitment or smolt
abundance remains between 4 and 5 g, This is still large in comparison to other productive, interior
sockeye salmon lakes such as Shuswap Lake where smolts average <3.5 g on the dominant year cycle
(Hume et al. 1995).

In any case, it is obvious that maximum smolt biomass has not yet been achieved within the
range of fry recruitments achieved to date (Figures 11 and 12). The predicted maximum smolt biomass
for the main basin of Babine Lake based on PR values for 1994-95 and a PR-sockeye salmon
production model calibrated to empirical data for Alaskan sockeye salmon lakes was just under 600 t
or about 120 million smolts. This is close to actual production levels that have been sustained over the
last two decades. The comparison provides further evidence that the PR model as calibrated to Alaskan
sockeye salmon lakes underestimates the production potential of interior Canadian lakes (see Shortreed
etal. 1997).

Factors Affecting Smolt-to-Adult Survival

Smolt-to-adult survival has averaged 3.8% since smolt enumeration began in brood year 1959
but has varied considerably from year to year (range 0.8-8.1%), especially when smolt abundance was
high (Figure 13). Returns from the 1992 brood were 4.2 times greater than those from the 1979 brood
year, even though similar (record high) numbers of smolts were counted past the Babine fence. The
1979 brood set the record for poor survival at 0.8% whereas the 1992 brood survived just slightly
below the long-term average at 3.1%. Overall, the relationship between adult returns to Babine Lake
(Ry) and total Babine smolt abundance (J) is non-linear:
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(8)  In(R)=5.87+0.481 In(J) ¥ =0.28, p<0.002

It seems possible that the density-dependence in equation (8) is associated with competition in
freshwater that affects smolt size. Smolts from the 1992 brood were 11% heavier than those from the
1979 brood. However, in general, smolt size is very poorly correlated with smolt-to-adult survival and
the regression is not statistically significant (p>0.08 after arcsine transformation of proportions, Figure
14). Similarly, the proportion of smolts returning as jacks (age 1.1) is only weakly positively correlated
with smolt weight (p<0.02 after arcsine transformation of proprotions, Figure 14).

In previous analyses, Peterman (1982) and McDonald and Hume (1984) pointed out that
smolts survived better, on average, in odd years than in even years. Peterman (1982) and Ricker (1982)
explored several possible explanations involving negative interactions with pink salmon which were
then typically more abundant in even years in northern B.C. This relationship is no longer evident in
time series of residuals from the common relationship fitted to all years (Figure 15). Brood years 1979
and 1992 are extreme examples where the even-odd year pattern of previous years no longer holds.
However, it should be noted that since 1979, odd-year pink salmon have become more abundant than
even-year pink salmon in the Skeena River. In fact, pink salmon abundance (PS,) is a statistically-
significant variable (p=0.01) in the following regression:

(9) In(R) = 1.457 + 0.478 In(J,) + 0.321 In( PS))

Note that the coefficient for the pink salmon term is positive, and thus at odds with Peterman’s original
(1982) hypothesis. More likely, common environmental conditions have favoured the survival of both
sockeye salmon and pink salmon in the Skeena River. Sockeye salmon smolt size was excluded from
equation (9) by a step-wise fitting procedure because it had no statistically significant effect (p>0.23).

To look for evidence that sockeye salmon smolt-to-adult survival has changed systematically
over time, we used “regime” as a categorical variable. Following the hypothesis of Welch et al. (1997),
we defined regime = 1 for sea entry years 1952-1976 (brood years 1950-1974), 2 for sea-entry years
1977-1989 (brood years 1975-1987), and 3 for sea-entry years 1990-1994 (brood years 1988-1992).
Smolt-to-adult survival (i.e., R/J) was not statistically different between regimes (p>0.75, Wilcoxin-
Mann-Whitney test). However, regime was statistically significant (p<0.02) as a categorical variable in
the regression of In(R,) on In(J,), primarily because of the strong positive residuals during the last three
brood years. Pink salmon abundance was no longer significant as an independent variable if regime was
included in the analysis, supporting our speculation that the correlation between sockeye salmon and
pink salmon arises indirectly through another shared effect here labelled regime. A deficiency of this
analysis is that smolt abundance has generally increased over time, and is thus confounded with regime.
However, smolt abundance declined to near record low levels in brood years 1993-96. Adult returns
over the next few years will provide important data for testing our assumptions about the relative
magnitude of density-dependent versus climatic effects on smolt-to-adult survival.

In conclusion, we attribute the record returns from the 1992 brood year primarily to the record
level of freshwater production. In addition, smolts from the 1992 brood, and other recent brood years,
experienced higher smolt-to-adult survival than would typically be expected ar such high smolt
densities. This is the same as stating that competition between smolts has been relaxed in recent years.
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The regression of In(R,) on In(J;) using data for all years (see Figure 13) indicates that, on average, and
particularly under recent conditions, increased adult returns can be expected from increased smolt
production. Thus, efforts to maximize smolt production in Babine Lake and other Skeena lakes are
warranted if the goal is to increase adult returns. However, the diminishing retumns associated with
density-dependent survival will affect the cost-effectiveness of such efforts.

HARVEST RATE

Trends in Harvest Rate Relative to Target

Prior to 1983, Skeena sockeye salmon were managed to a fixed escapement target of
1,003,976 sockeye salmon for Babine sub-area and 1,163,111 sockeye salmon for the entire Skeena
system. Between 1983 and 1993, additional restrictions were placed on the timing of fishing effort in
response to concerns about the status of steelhead trout (O. mykiss) and coho salmon (O. kisutch).
Actual escapements and exploitation rates are plotted in comparison to the Skeena target in Figure 16.
In practice, the management appears to have been a compromise between a fixed escapement policy
and a fixed harvest rate policy. Since 1994, the official management policy has been based on an
inseason model of abundance that implies a variable exploitation rate policy (D. Peacock, DFO, Prince
Rupert, pers. comm.).

Both total catch and exploitation rate on Skeena River sockeye salmon have increased over the
last decade (Figure 17). Total exploitation rate for the entire Skeena sockeye salmon run (including
Alaskan catches) has averaged 68% since 1990 and exceeded 70% in 1996 and 1997. No reliable data
are available to compute exploitation rates for the Babine and non-Babine runs separately. However,
managers use an in-season management model based on differences in run-timing to direct commercial
fishing effort towards the mostly enhanced, mid-timing Babine run. The percentage of the total catch
(excluding jacks) taken in terminal fisheries at or above the Babine fence has also increased from 1.6%
before 1990, to 5.4% in the last three years. Thus, harvest rates on unenhanced Skeena sockeye salmon
may have been considerably lower than the total exploitation rate.

The escapement target for Babine Lake cannot be based on conventional considerations of
stock productivity because adult returns to Babine Lake originate from both wild and enhanced sites
with very different productivities. The total escapement required to maximize production from the
BLDP is less than 500,000 spawners, and yet in normal (disease-free) years the BLDP accounts for
about 90% of the fry recruitment to the main basin. In contrast, an escapement of about 300,000 late-
timing spawners to the Upper and Lower Babine rivers appears necessary to fully seed Nilkitkwa Lake
(Figure 7). Any escapement target chosen for the aggregate of early-, mid-, and late-timing
subpopulations reflects a deliberate trade-off between maximizing harvestable surplus and maintaining
adequate levels of production from the diversity of unenhanced sites.

Impact on Wild Skeena Sockeye salmon

Escapements to non-Babine sockeye salmon populations have been increasing, despite the
sustained high harvest rates on the Skeena run as a whole (Figure 18). Presumably this is a direct result
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of continuing efforts to harvest the mid-timing Babine sockeye salmon as selectively as possible. Even
so, recent analyses of limnological and spawning ground survey data for other (non-Babine) Skeena
lakes indicate that in most cases, these escapements are much too low if the objective is to fully utilize
lake rearing habitat, and maximize smolt production (Shortreed et al. 1997).

Within Babine Lake, escapements to the unenhanced streams began to decline shortly after the
first enhanced sockeye salmon returned which suggests that increased exploitation rates on enhanced
returns caused the decline (Wood et al. 1995). This conclusion is supported by the fact that early-
timing escapements were least affected whereas wild mid-timing escapements were most affected.
Furthermore, late-timing escapements increased following the implementation of more conservative
management policies (Henderson and Diewert 1989) whereas mid-timing runs that overlap the
enhanced runs completely, have not. Since 1985, the wild mid-timing escapements have averaged less
than half of pre-enhancement levels. Similarly, since 1985, smolt production from the late-timing runs
(Nilkitkwa Lake) has averaged less than a quarter of levels observed before exploitation of enhanced
returns began in 1970.

Analyses in this report and a companion working paper (Shortreed et al. 1997) provide
compelling evidence that the Skeena River system has the lake rearing capacity to produce significantly
larger adult returns than realized to date. The enhancement techniques required to hamess this potential
are already well developed -- some were pioneered in the Skeena system. However, from the
perspective of biological production and conservation, the present pattern of utilization, with most fish
being harvested in mixed-stock fisheries in Alaska and northern British Columbia is a poor compromise
between the dual objectives of maximizing catch from a single productive stock (enhanced Babine
sockeye salmon) and conserving the diversity of less productive salmon populations. The result is that
over the last ten years, an average of over half a million enhanced sockeye salmon surplus to
escapement goals has gone unharvested annually, whereas unenhanced Skeena sockeye salmon
populations have been maintained at the lowest levels deemed acceptable. Managers appear to have
done a commendable job in achieving these goals considering the complex and irrational nature of this

policy.

FORECASTS

Forecast for 1998

Forecasts of Skeena River sockeye salmon returns in 1998 are summarized in Figures 19-21
based on three alternative models. As expected, the S-yr mean forecast used in previous years predicts
continued above average adult returns. The 5-yr mean model has performed as well or better than
other models under typical situations because variation in the independent varniables used by other
models has been small, and their effects have been obscured by other factors. In the present case, the
independent variables in the alternative models are at or near the extreme low end of their historical
ranges. Therefore, we recommend that the 5-yr mean model be rejected in favour of the smolt and
sibling age-class models that utilize our knowledge of the alarmingly poor smolt production, and
returns at age 3 and age 4 from the 1993 and 1994 brood years. Moreover, because forecasts from the
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smolt and sibling models are lower than from the 5-yr mean model, their use is more consistent with
the precautionary principle.

The smolt and sibling models produce almost identical forecasts for 1998 with a 75% chance
that adult returns to the Skeena River will exceed 820 thousand sockeye salmon, and a 50% chance
that returns will exceed either 1.22 million sockeye salmon (sibling model) or 1.42 million sockeye
salmon (smolt model). The congruence of these models provides a clear signal that adult returns in
1998 will be much lower than in recent years.

Considerations for 1999 to 2001

Because smolt production has continued to decline to 1997, forecasts for 1999 and 2000
based on the smolt model will be even lower than for 1998. Forecasts from the sibling age class
models cannot be generated more than one year in advance. It is imperative that the smolt
migration be enumerated in 1998 because continued low smolt abundance in 1998 would indicate
that prespawning mortality is not the principal factor causing reduced smolt production from
Babine Lake.

Fry recruitment to Babine Lake returned to normal levels last spring, and it is hoped that
smolt production will return to normal in 1998 (the 1996 brood year). Unfortunately, both Pinkut
Creek and Fulton River facilities experienced a moderate level of parasite-induced prespawning
mortality in 1997, and fry production is expected to be 20 - 30% below target levels. Until the
sporadic problems arising from parasite infection can be addressed, the prognosis for future fry
recruitment remains uncertain.

CONCLUSIONS

1) Escapements within Babine Lake: Escapements to enhanced sites in Babine Lake continue to exceed
spawning requirements such that on average, over a third of the Babine fence count is surplus
produced by the Babine Lake Development Project. In contrast, escapements to the unenhanced
Morrison River continue to be low relative to pre-enhancement levels, and stated escapement
objectives. Recent escapements to the unenhanced early-timing and late-timing subpopulations are not
statistically different from pre-enhancement levels.

2) Smolt production from Babine Lake (main basin): Smolt production from the main basin of Babine
Lake has increased dramatically as a result of enhancement. BLDP fry now account for about 90% of
fry recruitment to the main basin. Even so, all the available data suggest that fry recruitment is still
below levels required to yield maximum smolt biomass and maximum adult returns.

3) Smolt production from Nilkitkwa Lake and the North Arm of Babine Lake: Smolt production from
Nilkitkwa Lake, as inferred from enumeration of early-migrant smolts, has declined to less than a
quarter of the level observed before exploitation of enhanced returns began in 1970. Data for Nilkitkwa
Lake are less reliable than for Babine Lake, and further investigation seems warranted.




15

4) Adult returns: Increased smolt production from the Babine-Nilkitkwa lake system has led to
dramatic increases in adult returns. However, the relationship between adult returns and smolt
abundance is non-linear. presumably reflecting competition among smolts. Recent retums have been
higher than expected based on the density-dependent model, suggesting that favourable conditions
have led to relaxed density-dependence after emigration. The disparity between smolt-to-adult survival
in even and odd years noted previously by Peterman (1982) is no longer evident. Despite density-
dependence, increased adult production could be expected from increased smolt production, especially
if current conditions continue.

5) Harvest Management: Exploitation rate on Skeena River sockeye salmon has increased over the last
decade, averaging 68% since 1990, and exceeding 70% since 1996. Despite the increased exploitation,
spawning escapements to non-Babine sockeye salmon populations have been increasing, presumably
because of continuing efforts to harvest the mid-timing Babine sockeye salmon as selectively as
possible. Even so, recent analyses of limnological and spawning ground survey data for other (non-
Babine) Skeena lakes indicate that in most cases, these escapements are much too low if the objective
is to fully utilize lake rearing habitat and maximize smolt production (Shortreed et al. 1997). Thus,
from the perspective of biological production and conservation, the present pattern of utilization, with
most fish being harvested in mixed-stock fisheries in Alaska and northern British Columbia is a poor
compromise between the dual objectives of maximizing catch from a single productive stock (enhanced
Babine sockeye salmon) and maintaining production from the diversity of less productive salmon
populations.

6) Outlook for 1998 to 2000: The smolt and sibling forecasting models produced almost identical
forecasts for 1998 with a 75% chance that adult returns to the Skeena River will exceed 820 thousand
sockeye salmon, and a 50% chance that returns will exceed either 1.22 million sockeye salmon (sibling
model) or 1.42 million sockeye salmon (smolt model). The congruence of these models provides a
clear signal that adult returns in 1998 will be much lower than in recent years. Because smolt
production has continued to decline to 1997, forecasts for 1999 and 2000 based on the smolt
model will be even lower than for 1998. Fry recruitment to Babine Lake returned to normal levels
last spring, but is expected to be 20 - 30% below target levels next spring. It is imperative that the
smolt migration be enumerated in 1998 because continued low smolt abundance in 1998 would
indicate that prespawning mortality is not the principal factor causing reduced smolt production
from Babine Lake. Until the cause of abnormally low fry-to-smolt survival is understood, the
prognosis for future smolt production remains uncertain.
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Table 1. Reconstructed Babine Lake escapements by run-timing group.

Fence BLDP as % of Early Middie Late Total

Year Count Catch® escapement’®  Total Pinkut-Fulton Surplus  Morrison  Total Total  Escapement®
1950 364356 27449 0.0 35844 44962 0 8812 53774 247289 336907
1951 141415 19007 0.0 35149 35342 (o] 6276 41618 45641 122408
1952 349011 34404 0.0 10486 62820 0 1848 64667 239454 314607
1953 686586 26913 0.0 61547 208708 (o] 33088 241796 356330 659673
1954 493677 21847 0.0 48107 143365 (o] 25487 168852 254871 471830
1955 71352 10423 0.0 8338 20721 (o] 1776 22497 30094 60929
1956 355345 30582 0.0 34283 117093 (o] 32651 149743 140736 324763
1957 433149 20434 0.0 50518 142785 (o] 29033 171817 190379 412715
1958 812050 38580 0.0 196599 183674 o] 25850 209524 367347 773470
1959 782868 16727 0.0 104474 248747 o] 46018 294765 366902 766141
1960 262719 16754 0.0 42485 78262 o] 12298 90560 112920 245965
1961 941711 30856 0.0 133007 276734 0 33657 310391 467457 910855
1962 547995 18122 0.0 21587 136862 4] 16828 153690 354597 529873
1963 588000 20021 0.0 76661 241228 0 56319 297548 193770 567979
1964 827437 19855 0.0 67738 306602 4] 35992 342595 397250 807582
1965 580000 18540 0.0 27278 207236 4] 11094 218330 315852 561460
1966 389000 18652 0.0 31918 80044 0 15199 95243 243187 370348
1967 602807 18992 00 95242 167718 (o] 24201 191919 296655 583815
1968 552000 19146 0.0 62457 147571 (o] 55410 202981 267415 532854
1969 634000 17293 0.0 89318 148885 (o] 32626 181511 345878 616707
1970 662000 20048 35.0 81749 224536 4] 7432 231968 328235 641952
1971 816000 23450 39.5 34049 313244 o] 8381 321625 436876 792550
1972 680145 24283 432 52692 283389 (4] 10277 293666 309504 655862
1973 797461 17015 47.6 140253 337492 34382 32179 404053 236140 780446
1974 726990 22318 376 109851 235408 29780 38189 303377 291444 704672
1975 820795 13896 743 60353 464933 134442 28686 628061 118485 806899
1976 580597 18157 67.2 13336 338263 39683 8022 385967 163137 562440
1977 937992 10777 711 52713 591788 67384 15577 674748 199754 927215
1978 401318 10920 76.1 32024 171267 125774 3931 300972 57402 390398
1979 1160966 21500 63.0 42455 552632 165164 21765 739562 357449 1139466
1980 526259 22635 526 30437 178863 86093 11168 276123 197064 503624
1981 1432734 30300 88.1 46093 586207 649611 7178 1242997 113344 1402434
1982 1136835 42000 76.4 93630 505550 331233 4827 841610 159595 1094835
1983 886393 20000 84.0 26965 472789 254708 8904 736401 103027 866393
1984 1052385 20500 76.8 26503 486395 306475 8065 800935 204447 1031885
1985 2148044 17500 66.4 75649 517259 896769 17229 1431257 623637 2130544
1986 701507 23500 708 26865 298412 181419 3874 483705 167437 678007
1987 1307852 20296 77.4 37960 452629 543775 15786 1012190 237406 1287556
1988 1408879 25000 77.8 42373 495753 580318 23459 1099530 241976 1383879
1989 1132316 22000 857 18412 434467 517173 7701 959341 132563 1110316
1990 978646 22000 76.2 21328 457633 271425 7395 736454 198864 956646
1991 1176318 20800 55.3 58719 328999 310238 24980 664217 432582 1155518
1992 1915149° 73879 65.0 47075 515297 681364 8515 1205176 589020 1841270
1993 1737426 177590 59.4 16646 511120 414730 21962 947812 595377 1559836
1994 1052905 48465 83.6 24636 563623 276301 7561 847485 132318 1004440
1985 1737009 98592 90.5 78739 636049 846928 6556 1489533 70145 1638417
1996 2056205 352234 87.6 59502 581946 910598 7976 1500520 143948 1703971
1997 1086610 156000

* harvest after enumeration at Babine fence

® includes Pinkut-Fulton (after 1969) and surplus

¢ Babine fence count - catch
4 reconstructed fence count, actual count not credible, see PSARC s95-06
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Table 2. Babine Lake freshwater production, main basin only.

Brood Estimated Abundance Smolt Weight Smolt Fry-to-smoit

Year Fry*10° Smolts SE Mean (SD) Biomass (kg) Survival (%)
1950 209 0 0 4.9

1951 17.9 0 0 6.2

1952 17.5 0 0 6.3

1953 707 0 0 5.4

1954 50.6 0 0 5.1

1955 7.2 0 0 5.9

1956 429 0 0 6.1

1957 51.8 0 0 5.5

1958 946 0 0 6.2

1959 93.0 13216226 547152 52 68724 14.2
1960 31.0 17140050 1087906 5.6 95984 55.3
1961 103.3 6645905 285134 53 35223 6.4
1962 40.8 41741112 5433752 53 221228 102.2
1963 87.2 28334963 1399898 5.1 144508 325
1964 956 22768048 730334 47 107010 238
1965 572 7415431 382854 53 39302 13.0
1966 642 23677175 778924 45 106547 36.9
1967 75.3 28093879 1649028 5.4 151707 37.3
1968 103.2 38431464 916012 5.1 196000 37.3
1969 87.9 38753163 1106440 5.8 224768 441
1970 135.7 37325167 1340116 53 197823 27.5
1971 162.0 88690671 4257584 53 470061 54.8
1972 1732 77854348 2615787 4.8 13 373701 45.0
1973 190.9 33248302 1135680 5.4 13 179541 17.4
1974 1416 38590631 947016 51 1.0 196812 273
1975 175.3 54481971 1974869 4.9 13 266962 31.1
1976 233.8 80398367 4269472 45 1.3 361793 344
1977 207.4 110424296 4785295 5.0 07 552121 53.2
1978 131.7 55128796 2483147 43 0.9 237054 419
1979 212.0 179427612 16855600 45 12 807424 847
1980 171.4 122067466 5993841 4.6 1.2 561510 71.2
1981 229.8 142594834 16709866 44 12 627417 62.0
1982 217.8 93464694 10791980 3.9 1.2 364512 429
1983 124.4 42796531 2181594 4.2 0.3 179745 34.4
1984° 2282 49387722 53 17 261755 216
1985 212.9 122873389 6321951 5.0 1.3 © 614367 57.7
1986 226.4 80536904 3266217 45 1.1 362416 35.6
1987 117.0 no smolt program

1988 2122 61049322 2034479 50 1.2 305247 28.8
1989 1647 51809312 1430708 4.8 13 248685 315
1990 247.0 97523387 3561698 4.8 1.1 468112 395
1991 192.1 83095829 16576996 43 13 357312 433
1992 228.1 188667005 8762382 5.0 1.3 943335 827
1993 181.7 30887461 4066305 5.4 11 165248 17.0
1994 1319 17310854 405299 5.1 11 88285 131
1995° 114.2 7747408 506990 55 1.4 42611 6.8
1996 248.0

* Smolt abundance estimates are questionable and were excluded from analyses in this report.
Values reported here are from the constant sampling fraction model because the parsimonious
model fitted poorly, presumably because of a failure in the assumptions of the mark/recapture model

® Minimum estimate. Flooding conditions resulted in early termination of the program, but
after normal peak of migration.
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Brood Estimated Abundance Adult Returns

Year Fry“10° Smolts SE Total® % Age4 % Age 5 Survival (%)
1950 78.5 645479 72.7 23.0

19851 28.5 123665 376 543

1952 73.3 665850 65.2 30.1

1953 153.7 1323932 38.2 60.4

1954 109.9 1348990 447 516

1955 14.2 371950 57.7 33.9

1956 75.7 659561 46.9 48.3

1957 96.2 2026471 69.6 28.0

1958 180.2 639729 724 23.2

1959 178.5 21398560 962885 1658321 33.0 64.2 7.7
1960 5§7.3 20921978 1825103 870970 47.8 32.4 4.2
1961 2122 13385010 461711 1081387 54.0 40.4 8.1
1962 123.5 61940522 5637487 1401038 35.0 60.4 2.3
1963 132.3 31640521 1548164 2203229 39.8 51.9 7.0
1964 188.2 36109063 1709064 667969 26.8 68.8 1.8
1965 130.8 18002144 721345 1087229 61.8 333 6.0
1966 120.8 33068152 1974697 1528244 48.5 41.5 4.6
1967 144.5 52026755 3165728 2062906 454 46.6 4.0
1968 165.5 52335617 2225504 1235187 26.9 68.7 2.4
1969 168.5 56580032 1400349 2647773 391 51.2 4.7
1970 212.2 50811124 1758704 1284709 58.3 25.5 2.5
1971 263.8 105240328 4421657 2103481 48.2 396 2.0
1972 245.3 106200662 2948216 1795703 27.5 64.8 1.7
1973 2459 38098370 1150471 2052224 496 379 5.4
1974 209.5 45617761 964075 567185 41.9 49.7 1.2
1975 203.0 64724487 2093195 3528455 63.7 279 55
1976 271.8 90374023 4858829 719784 36.0 51.4 0.8
1977 254.0 121540385 4856565 5828662 49.1 46.9 4.8
1978 145.1 57504845 2530794 1894137 29.5 62.3 33
1979 2952 192043404 16893631 1450254 46.9 49.0 0.8
1980 217.3 136566225 6760934 4650624 28.1 64.3 3.4
1981 256.2 146245251 16711858 2685514 58.1 374 1.8
1982 255.0 94608919 10818521 1765995 31.2 65.1 1.9
1983 148.4 49837031 2308173 1931329 45.6 - 499 3.9
1984° 275.8 159047767 4470372 52.9 32.8 2.8
1985 358.2 125634259 6334902 2327093 33.7 62.9 1.9
1986 265.4 82336836 3276923 3090707 238 722 3.8
1987 172.3 no smolt program 2706902 29.5 67.2

1988 268.6 68835118 2761881 4526592 33.2 57.6 6.6
1989 1956 53385373 1459025 3383310 425 49.8 6.3
1990 293.3 99650699 3563086 2561993 227 73.8 2.6
1991 292.9 83095829 16576996 4845080 425 50.9 5.8
1992 365.3 194134277 8764720

1993 320.4 34796643 4076434

1994 162.7 18090918 408931

1995° 130.5 8266703 514660

1996 281.6

?includes jack sockeye

b questionable smolt estimate, not used in analyses (see Table 2)
° minimum smolt estimate (see Table 2)
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Table 4. Skeena sockeye run size forecasts for 1998

Probability Reference Points®

Model 0.5 0.75 0.9

5-yr Mean 4350000 335000 2500000
Smolt (Y=aX") 1420000 820000 530000
SiblM§Y=aXb) 1220000 820000 600000

? see figures 19-21 for full cumulative probability distributions
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Figure 13. Relationship between smolt-to-adult survival (upper panel), subsequent adult returns to
Babine Lake (lower panel) and the total number of smolts leaving Babine Lake. Curves fitted as power

functions.
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Figure 14. Linear regressions (with 95% confidence bounds) of smolt-to-adult survival (upper) and
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Babine Lake.
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Babine subarea (lower). Note logarithmic scale on y-axis; curves fitted by LOWESS (F=0.5).
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Figure 19. The 5-yr mean-based forecast for total Skeena sockeye salmon stock size in 1998. The
cumulative probability distribution is shown in relation to the distribution of historical stock sizes. This
forecast is not recommended for 1998.
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A. Historical distribution of stock sizes
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Figure 20. The smolt-based forecast for total Skeena sockeye salmon stock size in 1998. The
cumulative probability distribution is shown in relation to the distribution of historical stock sizes.
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A. Historical distribution of stock sizes
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Figure 21.The recommended forecast for total Skeena sockeye salmon stock size in 1998 based on the
observed return of sibling age classes (jacks in 1996 and age 4 sockeye salmon in 1997). The
cumulative probability distribution is shown in relation to the distribution of historical stock sizes.



43

£.8'86 Lp8'8¥L 0.6'P0Z €1E'0¢ 0£8'9Z O0LZ'ZEL €9€'10L S8G'9E pajunooun
1£9'PT 1T2'9L  08S'8C PEY'OZ TBS'OE EZP'OL  LpS'LZ €16'9T tOP'YE L00'6L 6vY'LT JI9M dA0QY 10 Je JSIAIEH
829'201 000002 000'SEL 000'0SL 000'YOL 000'LZ  000'SElL 000'P9L 00S'TP 622'VT  000'0S paoueyu3 |ejol
Piw JIo M\ mojeg Inyuld

pIW HIY YUl

€522 000'08 000'Sy 0000 000'vZ 000'r 000'SZ 0QOO'PT 00SL 62L'S PIW JIOM ©A0qY INYUld
Piw Jeuueyd injuld

plw JIO M Mo|eg uoyng

001'8L 00002l 000'06 000°0ZL 000'08 000'ZL 000'0LL 000'OFL 000'SE 000'6L 000'0S Plw JIOp eA0qY Uy Ny
piw T# |suueyd uoyng

plw L# |]suueyd uoyng

SIS mc_c;anm pIdueyuz

8vr'8sT 00€'ZIY 00S'EEP 14S'€8Z OSP'P8L 0SZ'Or  000'0LE €9v'8SE vrZ'OLL PPO'L9  199'veE PUM [eloL
008 008 Ales ¥0euD WBLM
€70'8 000'8 000'0Z 000'9 000'S 00S'T 000'vL 000'0L .28 0zZ0's 1808 Auee 308D utem |
ooy V) 4 Aliea ¥00)D eM)yEeZ0eS |
006 oo Apeo yeeiD ojez|el
oor'lL 00§'2 005'L ooy 00Z'} plw (yeddn) yeeid ojye)
K- 13 00S'ZL 000'0L 0006 00O'LL 00Z'V 000'TF 000'0L 0S¥ 000't plw X900 ojye)
W' 000'9 000'c LiL'9 00¢ 006'L  00S'Z 009'Z §S0'C Apee ¥02.D Neyoe)
>:uo §88.D pueioying

€251 000'v 000 00S'C 00S 006 009 98/ 006 Apea X001 ehexyoog
SSS'L 00s'c  00S'z 009 0s 00l 008'L €99'C GzZZ'l Aes Xee1D oIN-XIS
€1g'L 000'vl 000'0€ 0002 000'S 00S 001'S 0009 00S'T €£€'C  .169'C Auee ¥ea1d sseys
881'€Z 000'v€ 000'08 O000'€EZ 000'0Z 000'¢r O00O'ZL 000'0Z 00S'€ 09r'ZTL 0Z6'Ll Apes %9840 au8ld
sve'l 00s'C 00¢ 001l 00S'} el Aes yeeid uojspusd
sZv'L ooy’ 000'v 0s 000'F 00S'Z S. L0p 8.6 Aues %0010 OjiN-8uIN
Auee "H eNUMYIIN

Auee o emysahyoIN

000} 000°ZZ 000'6  000'0Z 000'8} 009 000'Z} 000'9L OOV 002’z 008's piw %9810 UOSlION
192 oov 00¢ 00l Auee Neasd me)
>tn0 3oei D poom|ezeH

895°C 00F'S 000°L 00S'T OOF oov 002’z 000'C 6l 126 vo9'y Apee X001D efiy-1nod
009 009 Apes Xee1D y104
[4>1] 009 0oz 00l 000'c  00¢ (A4 Apee %0010 o|Iy-8Al]
ooy 008 00z 00¢ oo¢ Apes Xee1) spjeuoq
009't ooy 000’y  OOF Auee Xe810 Jeyonog
>tu0 a)eT euiqeg

Ajeeo (g 99g) "N eujqeg

00.'98 000°0€1 000'0LL 000'0L 000'SS 000'SL 000°00L 000'0EL 000'00L 000'ZL 000°SPl ae| (r 203) "y euiqeg
0sZ'vol 000'S91 000'091 000'0€L 000'0L 00§'SL 000°0¥L 000'0SL 000'Z9 000'0Z 0000l oje| (g-1 20g) "y suiqeg
$3)1§ Bujumedsg paosueyuaun

186'8YY 898'28. 050'Z18 BYL'CEy SPE'SSE ZGE'LL  229'€6y 985'989 LLO'6YE Slb'lkl 9SE'vOE juno9 aduaJ aujqeg
ebeiony 6561 8561 2561 9561 SS61 ¥S61 £561 561 1661 0S61 ouiwil weeng

*9-8 59}0Uj00} U} pejou 88 Jodel S|y} U] SesABUE 0} Juenbasqns pesjAel ueeq dABY S9YS POOUEBLUS JOj SBJBLUNISE SLIOS
(Wedny eould 'O4Q PeIs|IAS g :e2in0s) epeoep AQ seBeieae ypm 9661-0S61 (Peisn(peun) sjueuiedesse 8Ae)oos oy sujqeg '| xjpueddy



065'61L1 Ti8'syl €EP'S9  /6S'6¥L $S9'0L 08T'ECL 8Lb'10Z 866'€0l SSL'081 S96'ST pajunoaun
£€78'61 €6Z'L1L 9vl'el T66'8l TS9'8lL OPS'8L SS8'6L 12007 ZTZI'8L 9S8'0¢ pSL'9L J19M A0QY JO je JSaAleH
000'8S1 S88'8vl LIS'Zvl 812'291 PPO'08 08Z'8SL 000'0£Z 000'SkZ 000°0LL 000'2ZZ 000'0Z padueyu3 |ejo)
LIE'T osr'z  TiL'T Plw 1o Mojeg I
Piw WY INjuid

S67'SE IEE'L  €€9'9 TWL'LE €9¥'IT 08L'€T 00006 000'69 000'0€ 000'ZF 000'0E pIW JIBM @A0GY INNUL]
219'eT Svl'se 6.lv'tl pIW leuueyd IMjuig
000't 000'v plw J1ap mojeg uoyng
ro'90l §5S'09 vvZ'66 PTT'OLL S6E'OY 000'SEL 0000Vl 000'08F 000'08 000'SLL 000'0F plw JIsM 8A0qY uolng
0LL'€T 042'€T piw T# jouueyD uoyng
psL'IT vED'LT €p0'9T TSL'IT 98’8l piw L# |]suueyD uoyng
SIS O:_C;Naw padueyuz

90£'80€ 0Lb'ZZ¢ 0S8'6LE 00S'99Z 002'61T 00F'LLZ PIEL'9LE 092'ZEE S28'GLE 00Z'80S 000'0SL PitM 12301
Aliea 38810 WYBUM

ze0's 099'9L 000'ZL 000'0L 00S'T 000'€ 000'6 09LvL OOV'LI 000'St 000’9 Auea %0010 ujem]
00C 00C >_hno }o8lD eMyezes |
(=44 001 0s¢ Apee Yoo ojezie L
182 000k 001 sz 000'T Piw (1eddn) 3es819 olye
086'L 00Z'0L 000'LL 00S'FL 00S'T 00S'€ 000'0L 009'vT 00S'y 000'Z 000G piw ¥e81D ojye L
6¢£e'l 0S€'T  00S 000‘t  00€ 002 000'c 009t 009 000'Z Apes %9810 yoyoe L
>_hwo 3ealD puejiaying

cov'l orL'c  00Z'L 00Z oor'L 0§ 00S'L SZ0't o00L'} 000'2 Apes ¥8819 8h0Xo0g
916 00¢ 000'L 00Z'V 00F 001 00S'L  S¥8'L  000'} 000} Apes ¥eel) elIN-XIS
920'01 000’6 00S'. 000'C 000'S 000'S 000'8 09Z%L 000'S 0000 000CL Ajeo ¥e8I) sseys
ov0'vZ 000'SZ 000'SZ 000°0F 000'LL 000'0L 000'ZZ 006'9€ 00S'?  000'SS 000°LL Aueo Ne8u) eueld
008 oov'lL 002 Ajee %e81D uoyepueg
vve'l oLl 009 000'F  000'F  00S 00S'L 0T’V 00S 000'v  000'C Auee 308D 8jiN-ouIN
€92 ooV 0s 007 0or Aes 'Y BRMAIN
Aleo Y eMySRAYOIN

SL9'Sl 0SZ'7TL 000's€ 000'YL 000'6 000'S 000'9F 00S'ZE 000'6 000'8L 0009 plw %2010 UoslION
Aleo %8010 MoY

>_hm0 301D poom|ezeH

S8 00S'y 000'v O000'F 00S'V OOP'L ¥90'CT 069'€C 000'€C 000'T 000C Apee %80.D 8jiN-Inoy
Alea 38810 ¥log

18l ooV 0S 00l oslt oslt 0S 0S 005 Aues %0010 8jIN-0Ald
008 008 >_hmo 3ol splevuog
Ajueo ¥eelD Jeyanog

>_hno 9)e7 suiqeg

000 000'T Aluee (g 29g) Y suiqeg
SE6'64 000'09 000'.€ 000'SS 000'FLL 000°0ZL 0008y 0SE'SS 000'S. 000'SZlL 000'09 oje| (p 20S) "y su|qeg
Sy0'€Sl 000'8Z1 000's8L 000'SEL 000'0L 000'0ZL 000'0SZ OS¥'L¥l 000'0LZ 000'00T 000'LY aje| (g-1 o0g) Y euiqeg
SIS Oc_c;maw padueyuaun

2195'T6S 000'¥€9 000'TSS Z08°T09 000'68€ 000'08S ZEV'ZZ8 000'88S S66'LPS LIL'LYE 612'T9T juno9 aduUa4 auiqeq
ebelaAy 6961 8961 /961 9961  S96L  v96lL €961  I96l 196, 0961 Bujwi weess

(Pauod) "} xipueddy



45

9€2'¢€0} 696'LPZ  P.8'LPL PO9'SLL 8/6'9L 0Z8'[EL v.S'60L PZO'60L 62L'09 908'LZ 916'C) pajunodun
9eZ'8l 00S'tZ 026'0L  Zz2'0b ZSL'8L 968'El 8LE'TT SILO'LL €8T'WT 0OSP'ET 8r0'0Z 1190 3A0QY JO je S3AleH
120'SSE 2€9'76S  /9Z'LLL 98°16S £9Z'8EE 689'C0S 80V'SEZ Z6V'LEE 68€'€8Z PPZ'ELE 9ES'vIT padueyuy |ejol
€45'C 000'S 000'c  000'F 000'S 000'C OOE'T 000'L 006 856 plw IO Mojeg IMjuid
025’62 vee'9e G96'8Z l0L'OF ZpS'sz  pS9'9l piw YIHY Imjuld
19671 00092 srZ'y L0Z'0T [2Z'0Z 000'ZF 000'ZL 696'LL 82Z8'SL 8.8'.L lSZ'8 piw JI9pA @AOQY IMUld
CIT Liv'89 91L'€T 955'v9 €80'gF GS9'LS 09Z'c9 €80'LS S99'IZ €9.'6l piw |ouueyD Imjuld
44 A4 000's2 000'S 000'0F 000'0C 9S2'18 G.S'Ll S0.'9F  00S‘LL plw NOA Mojeg uoing
165'Ipl 89S'¥PZ  ZPO'6E COP'SPE L9S'OVL 0/9'Z6) 60L'9y GL6'66 [B8E'L8 698'GZL 68166 piw J1epA 9A0qQY uojng
ze9' Lol GE0'9ZL 8pr9'88 8YS'ZZL 9/9'0LL 661'80L L6E'T9 ZS0'CLL L6P'90L L8P'SLL 987'8S - plu Z# |suuey uoyng
zez'sl v8Z'1T €19'0) 080°6L PE8'9L vI8'PL O0€S'ZL ZLZ'SZ 009'LZ 9pL'vZ €8P'ST plu L # [euueyd uoyng
sa)is buiumedg paoueyug
£85°18¢ SP8'PPE  /ST'LL  €TY'8LT 661'JPL 06€'99) 069'6SE OE6'€EE P69'LLE 00S'/St 006'vOP PI'M 18j0 L
Alee NeelD IYbuaA
06L'L1 000’6 000'6 000'6 008'L 008'ZL 00S'8L 000'lZ 008'9 000°Z 000'8L Alee 3ee.] uiem|
i 074 o]} 002 Ajed 3eouD emyezes
001 001 Aliee jeelD ojezje |
009 oov'L 00€ 001 piw (1addn) yea1p ojyey
€Er'S 009'9 00s't 009t O0OF'L 0002 00OZ'ZL 000'6 009 000°2 piw jeeld ojyey
0.5’} 00Z't 00S'L 00S'c 00§ 0SlL'L 006'T 0S8 00Z'L  00S oovr'e Auee jeeld yeyoey
0014 0014 0014 1014 Auee je81D puepeying
(o] 5:3 008 00s'lL 00L'F 0Q0E'L 009'C 00S't 009 0S9 0s9 008’y Auee Nee1D ahexdog
gL'l oov'l 00¢€ 00S't  0sv 001 088 008'v 00V'L  0SE 009 Alieo jeel)d o|IN-XIS
S90'S ook'e 00z't 000'9 OO¢'L 0Q0S'? 000'ZL OQO6'El 0SL oor'z  0ov's Alieo )98l sseyg
Tis'eZ 00S'L 000‘'v 000'0L O€P'Z 00L'OT 0QZ6'Zyr 068'09 SZ0'SC 00Z'vl 0QO00'PK Alieo Jeel) eueld
00S 00€ 009 000'1L 00} Aiee 3}9elD uoyepued
[3%:3 006 Siz 006 006 ori 0s6 0oL’ 208 00Z'L  00Z'L Aiee 391D ejiN-euIN
ooy oov Alieo RIS
009'L 009't Aee o emiseAydIN
ore's 00Z'L} 00S’) 0006 009'c 000'9F SSZ'€l 00Z'.ZL 000'8 000'9 00Z'% piw j@elD UoslIo
Ajes 90U MYy
Aliee 3eo8lD) poom|ezeH
8Z8'S 008’9 000'9 008's 008 0SZ'L 95Z'.L 000'LL 0.¢'L 000'9 00S'Z Aeo 3@l eji-inod
Aliee 3e8lD yio4
91 9l ov¥ 09 0se 00S 06 yi4 002 00€ Aliee 3eelD ojIN-0AId
[410] oov Alee )ael) spleuoq
9 9 Alieo Neeal) Jeyonog
Alies o)e euiqeg
Alies (g 20Q) 'Yy euiqeg
zoz'op 0.6} 66801 ISE'Or 000'€ 000'C 000'SE 000'0F 000'0L 00096 000'v8 oje| (r 909) "y suiqeg
6€9'vLl GSG'TLT  SL6'ZE  ZET'IZL BGL'ZZL 000'Z6 62ZS'€0T Q00'€Sl 000'68L 000'LZE 000'vEZ oje| (€-1 293) "y suiqeg
s3)Is Bujumeds pasueyuaun
92Zp'85L 996'091'L BLE'LOY T66'.E€6 L6S'08S S6.°0Z8 066'9Z. L9p'Z6Z SPL'089 000'9L8 000'299 JUNoy 3dua 4 auiqeg
ebeleAy 6161 861 L.l6) 961 S.61 vi6l €161 .61 1i61 0461 Suiwi L weang

(pauo9) | xipueddy



46

0€0'sZ¢ SoL'6Lr 991'[EE  LPB'EST  S6B'SLL SEL'LLP  LS8'I0Z POP'PRT 98L'VEE  [Z6'TLS LIy'Tel pajunoaun
€LE'PZ 000'Z2 000'SsZ 962'0Z 00S‘'cT  00S'L) 00s'02 000'0Z o000°'2ZK 00€'0€ S€£9'TT 1130 3A0QY JO je JsaAleH
ZEE'PO9 L9V'S0S  €£52'96L 679'[6L  TIP'EPE 6SC'890°) S6E'IE9  68L'TLP 0SS'LSS  L0Z'l69 £98'8/1 pajueyu3 jejo |
009'€l} 000°02 000'0S)L 000°0SE  000°05 000'00¢ ,000'05L 000'S  000'0S 000'09 000°'L piw JI9p Mojeg jnyuld
SEP'SP 618'Z1L 956'Sy 6€l'88 86L'0c /8.'0S 6¥8'SY 66£'2ZZ £€52'06 pi Hiuty injulg
116'1e 106'PZ 6Z¥'rZ 992’02 8.€'0z seT'6l 995’61 S61'SZ  000'ST IpS'ST 000'S1 piw JI9pA 8AOQY INYUIG
v08'99 008'99 T8€'8S 9.0'v2 008'Ls  2.£'9L 005’69 05'v6  §80°SS P8'6L 559'Ly plw |euueyD Injulg
001'8L 00000} 000'00Z 000'0} 000's 00000 0000} 000'S  000'sy 000001 000'9 piw JIopA mojog uoyng
088'LS} 000'0SL 000'00Z 6€Z'9E) 00L'98 ZIE'00Z TIO'OKZ  TSS'9S) vLL'MZTZT  ZTOE'SLL 8s5'Zy prw IO 8A0QYy UoYNg
EV'LLL SIE'SLL  JOE'POL LLr'zol 969'68 OPE'yOL €08'60} 0l8'V9L L0S'SLL  696'vPL 001'v9 piw T# jeuueyd uoyn4
9s51'9l Z€0'9l S89°El 15 418 ov9'el 80Z°LI 559'91 TV’ sye'9l $6.'0Z 0ss'8 pw L # 1euuey) uoyn4
sajis Buijumeds pasueyuy

orl'612 ¥29'GZL  010'0SZ  082'96Z  009'8S) 0SS'06S  €€9'¢61 00Z'60L Z6¢'80Z 009'ZEl 0SE'€61 PIIM 18)0 J
ol ol Ajeo N800 WOUM
08¢c'8 00c'y 00S'9 00S'L 009'S 00091 000'y 00r's  000'ZL 000°0} 00S'L Ajee 084D ulem)
I/N IIN I/N I/N I/N MXNN Apee 801D eMyezes |

IIN Auee NoauD ojezje)

0S OIN 0s OIN N OIN Pl (1eddn) xeesD olyeL
oer'e 00lL'e 000'2 008'c 009 00Z'2 000’V 00s'c  oov 004 000'S piw j9el) oye L
9le [ 41 00S 00l'} 009 008 00l oov 000'y 004 0S6 Ajee jeei) yeyoel
1144 IIN 0s¢ /N 00s Apee jeeld puejiaying
T60'} 0€ 009 009 0Ss 000'2 or 00S 00S'2 00S'L oolL'e Auee Nee1 ahexoog
10’} 1] 0sZ 00e 00S'L 00L 002 056 000'9 008 00¢g'lL Apee yeeld elin-xIg
06’y 009'2 000°Z1L osL's 000'Z 000'C) 056 00S'L  00S'P 000'9 000’ Apee Joel) sseyg
Ses'Ll 0s.'9 00S°'Z) 00S'LL 00L'L 000'tT 059°'Z1L 00S'. 00002 00001 0s.'c Aues Joeel) edeld
916 08 009 004 0SS 0G8 00l oSl 00S'S 009 74 Apee 390uD uojjepuey
008 00€ 00Z 00S'}L 00S 0s8'l 000°'L (o1 4 000'L 00S 0ss Apee 3801D 9|IN-8UIN
S8 OIN 0S 00z IN 9 Auee o BIW|IN
0s9 I/N I/N IIN IIN 0ot 000°L Ales Y BWYSRAYIIN
00€'S 000'c 000} 000'6 00S'T 0002 00S'Z 00s'y 00S'E 000'S 000'v piw jeel) Uosiuow
Alee NI M)

0s IIN IIN 1IN N 0sS Auee 4991D poomjezeH
0cEE'y 00S 00Z'} 000'2 000'c  000'S 00€'2 00Z'v 000'Sl 00S'9 009'c Apes jeel) ojiN-anoy
Ajee NooID o4

P24 I/N 0 oe 0 1,213 074 00l oSl 4 Apee JeslD olln-eAld
0s OIN 0s 0s 0 001 Apeo yeel) spleuoq
IIN I/N IIN Apes jeelD Joyonog

Auee o) e suiqeg

Aeo (g 20g) 'y euigeg

9zl'cl 000's 00S'L) 00S'L) 000'v} 000'PL 28L'S 000, 00t'veE 000'0Z szl'g ole| (p 00g) 'y suiqeg
228'291 000'001 000'S8L  000'SZL  000'0Z} 000'00S 986'8SL 000'PL (LP9'V6 000'02 or9'osi L] (€-) o0g) "y suiqeg
s3)I§ Bujumedsg pasueyuaun

0zZe'eLl'l 91€'Zcl'l 628'00P'L 258'20€'L LOS'LOL bPO'SPL'ZT S8€'ZSO'L €6€'988 SE8'9ELL PEL'ZEP'L 6SZ'9ZS junod adud4 auiqeg
obeleAy 6861 8861 L1861 9861 S861 861 €861 2861 1861 0861 Bujwi L weasg

(Puod) *| xipusddy



47

000'SZ| ©) pasiAel , 1000'91 O} PesiAGl , |6T'L| O} PasiAel , (EGT'L| O} POsIAGl  {000'0S O) PesiAel , 1S8joujooy

Ve 8GP'ISE  LEG'C0S 990'61Z  IP6'SLT LES'LSL  €06'PSH pajunodun
99¢c'cll PET'ZSE  T6S'86  SOp'8y  06S'LLL  6.8'€L  008°0Z  000°ZZ J3M 3A0QY 10 Je JsanieH
09Z'L18 9r6'Z8l'l 6¥0'ZL0'L PLL'PS9  0ZL'Z9L L6T'OL6  666'€lS  ££9'8L9 paoueyu3 |ejol
ospLLL 000052 ,0006ZZ ,LLGL'SL  000'00Z 00000Z 0000SZ 00009 PlW J1a p Mojeg Inuid
¥69'9€ vee'ry 12T STE'LZT  LL9VS  SIELE  6YZ'ZE 819'9F PlW HIHY Imjud
185'62 8.9'c€  0S0'SZT  1Z¥'LZ  £LL'vE  1ZTSE  pIE'ST  LpO'ST  plW Jlop aAoqy MUl
Ziv'sg 0zc'e6  188'L6  Ll€'88 £¥T'S8  600'6L 6EE¥8  SIL'B9  PW JouueyD IMjuld
158'LL) 000'00F 000°00Z 000'SZ} 000'00L 000'0SZ 000°'0Z 000°0SL PW Jla M mojeg uojng
090'991 08L'.0Z 6¥L'TTT ,009'P9L €LL'P9L  pPL'SLL 890'ZS  v06'TLL PIW . Jlop aA0qy uoyng
SEl'eet SLe'€El  pOO'08L 00L'88l SZTI'TOL 120'ZZL OLO'.6  80L'S80L PlW Z# l]auueyD uoyngy
v90'LlL LIg'EL  pPL'EZ  Q00Z'8L 6ZL'IZ  LLS'vL e0v'TL  I8L'9L  PW L# Jauueyd uoyng
$9)|S Buiumedg pasueyuy

€ZP'L0E 8/8'691  LETETL  0LY'0SL  S2LMTS 099255  889'€Z¥  OLL'E8l PIIM 1101
N IIN Alieo %9310 DU

L19'8 000'LL  00Z'6 0002 WNN 000°2 00s'6 000's  Alee Noeid utem]
0se 008 002 0S N Aee NoaiD emyezes]
UN N Aeo yoai) oyez|o)

SL N N S OIN OIN OIN pIw (1eddn) yeeuD ojyel
oreE'y 00g'L 182'L UN 0007k  00S'Z 0052 osy't  pw ¥e01D ojyeL
zlo'z 000'Z 000'Z oog 0002 00S'2 95l ocl Aeo Yo yoyoey
006 UN NN NN UN N 006 N Ajeo ¥eei pueleying
SLLT 00S'c 000'c o¢ 00S'€ 0022 oze OIN Ajeo ¥a01D shero0g
€25 £pe'l 00 ov WNN ON 00¢ 0£2 Ajree Noeid ojN-XIS
£89'y UN 000'0L 00§ 000'c 000 00l's 005’z Ajee yeel) sseys
£EL'9) 00S'9l  000'9Z 0002 NN 000'8L 000'sT 00ty  Auee ¥oeu) alidld
80v 059 0 ool NN 00L'L ooy 00z Aeo ¥001D Uoyapusd
008't o0o0L'z 008'l 005 002 oov'y N IIN Ajjeo Noa1) oiN-auIN
802 Sz 00z N OIN OIN OIN Ajeo o BYUMYIIN
oL N OIN oL N N N Ajeo o emyseAyaIN
9gl'e 00l's 006'€ 000'9 000'9 008'vy 000'€l  00S'¥  PIW %9019 uosiIon
IIN IN Aeo No0id Moy

IN UN IN N N N N Ajeo %0010 poom|ezeH

1T 4 00S'6 00£'s 000 NN 00S'Z 005'€ 008't  Atee ¥eei) eliN-Inog
N N Ajeo 3901 104

Sel 0se 00l ot OIN 09 UN N Aee %901 ojiN-0AlY
v OIN (] 0 N ON 4} OIN Apee ¥eei) spjeuoq
SS oz 0s 0S NN 001 N IN Aeo ¥9010 Joydnog
000'S UN 000'S Ajeo oxyeT euiqeg
00S 00S 00S NN N IN Ajeo (5 9209) "y suigeg
(FI-3:] 000°Gl  000'S 000'S 000'Sl  000'S 000's 000'0L  oe| (P 009) Y ouiqeg
6Zy'9rT 00000} 000'0S  000'00} 000'GZP 000'00S 000'0SE 000'0SL @¥el (-1 295) "y suigeg
$3)|S Bujumedg pasueyuaun

£19'PZr'L S0Z'950'7 600'2€L'L S06'ZS0'L 9Zr'LcL'L S8L'EET’L BLE'9LL') 9¥9'8L6 unoy asua 4 auiqeg
JOVYIAY 6661 8661 /661 9661 G661 y661 £661 Z661 1661 0661 Bujwil Weosns

(Puo2) | xipueddy



48

(£661-7861 Ul 99us) aroqe wol eyep) |eAlns Ai-03-66a 9,01 pue ajewsy Jad sB6a 0gog Je sejewa} 0ag'z Uo paseq A uoljjiw §'0 Whnwixew q
(e661-r861 Ut 20U} 8AOGE WOy Blep) [eANS AUj-03-603 94Z°g| pue ajewsy Jad s669 080 Je sajewa} 000 'SZ U0 paseq Alj UoljIw §'Z] WNWIXeWw ,

£'2ez 6’95 oy 8'9¥ 62 80 x4 8'GlL Ll 0CL Loy sl 9'ce 966}
£'v6 l'ee S'9 9Ll SY 80 L'E A %) x44 Ly Pve sZlL 6’1z G661
14741 iy 9's 0’6z ¥'9 80 9's 0LL 9'ge L'St £62 sl 8! ¥661
L2 9Zv eCl ' A o'l A 4 L'otlL 6'9L L'E )4 8'Gl L'Ee €66}
L'stZ 8'v8 29l G'Z9 09 £l Ly voel S'L6 oY eve S'L 89C 266}
9CLL 9'ss L0l e0oy oY £l €€ (AN 8'Z8 vEl 602 8'S L'GL 1661
eove 029 9 'Sy 124" S0 6'¢cl £'8.1 L8l 86l 8'ey 8'6 ove 0661
9'8Gl 1'9C A T LS S0 A gzelL 1’48 0zl v'ee ] €'eT 686}
6'061 o'vy SZlL 6'sC 09 L0 €6 6251 g1zt vy 692 ve S'6l 8861
S0l o'ch 8L 1’6} A S0 0L 6’65 144 8¢ vzl 80 9t 1861
A ¥4 1472 v'si L'y 144" s 641 -8 442 6'96 9L £0v (A4 }'8€ 9861
£1i6l L6V L8 6'SE Sy 00 S'v vl 1A% A 9'es 1oL g'ey G861
1'oze 9'69 L8 g'ov 184" Sl 8Tl S'0sit 6'66 £6 ey 6l v'e6e ¥861
o'atl G'LS 6°6¥ 9L el €9 S'8S ovi 6'S 9'8e A v'ie €861
6'v6l z'8s8 8'8 0'89 Vil 6l G'6 L'90} 0vsS 96 b'ey €L 8’6t Z86l
| 174 €'L8 ) ¥4 L'LS 0’8 6L 1’9 L'0€El £'€S €Tl S'v9 S8l ooy 1861
L9l 0'€s (A4 80l 80 001 1’801 ¥'89 08 £'Ze 6'¢c y'8C 0861
0’6l 1'S9 g6 Sl L'8 13 A giel S'L6 06 8°0€ 62 6'22 6161
£et 98l L'sL G'E 00 Gt L'v0L 8'29 £8 g'ee 8'E 8'6Z 8.6}
S'i6l 209 9'€s 9'9 et €S £l 08 184 0'ee 60 (34> Ll6)
8'8CC 0’61 60!t 1’8 vo L'L 8'60Z 8yl 6Ll L'0S l'9 6ty 9.6l
9'V¥Sl S'ie 99 £'TC 9c 80 8l L'egt 9'89 LTl 8'lb 66 6'LE Gl6l)
1’201 6'SlL oY €8 > €0 LT AT S8y oSt LT 9L 1’0z vi6l
205t z'ee 09 74 L' vo LT Sl 0'sL o'sy LT 00 ST €.6}
G'8slt 0ce 0’62 o€ A 8T g'ozlL 6'69 zet v'ee 00 vee 2.6l
1'2st 6’8l L9t A Z0 0c A A4 002 0Le 9€ vz 161
6vil £'6C 0ZC €€ €0 oe 9'68 £'L8 e 6'8¢ oy 6ve 0/61
S'6S 0Ll Zst 8l S0 el GZy 1214 6'G T 00 A 696}
L'SL XA vol 6’1 S0 v v'e9 L've .'8¢e 00 '8¢ 8961
WA LT LT 8'vy 09l 8'8C o't 8.2 196}
Z'es L€ L'e G'6v G'SC 0've ove 9961
{ejo} g0y By Jauueyd |ejol adouad ERIVER Jejol oM aup jelo) aouad aouaj JesA
da18 JoAly Moleg aAoqy [uueyd [suueyd JBAY Joeg anoqy pooig
13910)d §98J0 Jnjuid ] 9l0id JoATY Uojng

*Jeak pooiq Aq s}0d(0id ¥031D IMjUId PUB JSAY UoYn4 wol (su

yiiw) uononpold Ay 948)20s paoueyus 'z xipuaddy




49

Appendix 3. Escapements, total stock sizes and exploitation rate by calendar year.

Skeena Skeena Sockeye Stock Size Exploitation Babine

Year Escapement Age 3 Age 4 Age 5 Other Total Rate  Stock Size
1970 678652 166000 925392 453946 106905 1652243 0.54 1503619
1971 821850 54600 1129289 758599 95334 2037822 0.59 1839500
1972 697237 258700 420678 1231737 83201 1994317 0.60 1820755
1973 820196 208350 1153052 1057572 237767 2656740 0.67 2411901
1974 723898 256772 831757 1628184 92115 2808829 0.72 2553623
1975 822633 137396 1127097 364197 27455 1656145 0.46 1504270
1976 575590 255458 548679 924801 31281 1760219 0.62 1609743
1977 951805 47697 1131537 1293885 71222 2544341 0.62 2294677
1978 424075 296274 263777 864870 55652 1480573 0.64 1362143
1979 1166236 90509 2498508 313432 112656 3015104 0.60 2722645
1980 542164 233886 288034 1092804 92271 1706995 0.63 1559684
1981 1424509 155395 3177365 411161 91119 3835040 0.61 3467076
1982 1140737 60223 621563 3039052 124433 3845271 0.70 3466766
1983 893724 353135 755494 1310373 83927 2502929 0.58 2287950
1984 1055215 120752 1451716 788985 151587 2513040 0.56 2273811
1985 2174806 66714 1733185 3323273 76072 5199244 0.58 4685991
1986 716312 88125 611270 1116550 57854 1873799 0.60 1695232
1987 1324128 638641 977637 1276820 74940 2968038 0.43 2735098
1988 1417543 77631 2627321 1070368 157997 3933317 0.63 3547748
1989 1137994 122711 871807 1630157 107649 2732324 0.56 2471363
1990 989566 89631 817553 1627596 183654 2718434 0.62 2455554
1991 1232568 416049 887664 2480221 300839 4084773 0.66 3717901
1992 1550109 258240 1671873 2020415 731657 4682185 0.65 4239791
1993 1629426 90580 1598624 2895397 400844 4985445 0.67 4495959
1994 1026816 320804 646101 1873677 199919 3040500 0.62 2768530
1995 1720292 542895 2286244 2099914 377430 5306482 0.64 4830123
1996 1782357 43000 3701513 2740730 449405 6934647 0.74 6245482
947871 782349 2491059 3622986 0.74 3260687

1997°

2 Preliminary estimates
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Appendix 4. Babine sockeye fence counts and adult returns by brood year.

Brood Fence Adult Retums

Year Count Age 3 Age 4 Age 5 Total
1950 364356 28000 469257 148222 645479
1951 141415 10000 46463 67201 123665
1952 349011 31000 434217 200633 665850
1953 686586 18000 506219 799712 1323932
1954 493677 50000 603269 695721 1348990
1955 71352 31000 214794 126156 371950
1956 355345 32000 309078 318483 659561
1957 433149 49000 1410864 566607 2026471
1958 812050 28000 463162 148568 639729
1959 782868 46000 547639 1064682 1658321
1960 262719 173000 416160 281810 870970
1961 941711 60000 584313 437073 1081387
1962 547995 64000 490567 846472 1401038
1963 588000 182000 877467 1143762 2203229
1964 827437 29300 179053 459616 667969
1965 580000 53400 671660 362169 1087229
1966 389000 154000 740532 633713 1528244
1967 602807 166000 936606 960300 2062906
1968 552000 54600 332547 848039 1235187
1969 634000 258700 1034572 1354501 2647773
1970 662000 208350 748582 327777 1284709
1971 816000 256772 1014387 832321 2103481
1972 680145 137396 493811 1164496 1795703
1973 797461 255458 1018383 778383 2052224
1974 726990 47697 237400 282088 567185
1975 820795 296274 2248657 983524 3528455
1976 580597 90509 259230 370045 719784
1977 937992 233886 2859629 2735147 5828662
1978 401318 155395 559406 1179336 1894137
1979 1160966 60223 679944 710087 1450254
1980 526259 353135 1306544 2990945 4650624
1981 1432734 120752 1559867 1004895 2685514
1982 1136835 66714 550143 1149138 1765995
1983 886393 88125 879873 963331 1931329
1984 1052385 638641 2364589 1467142 4470372
1985 2148044 77631 784626 1464836 2327093
1986 701507 122711 735798 2232199 3090707
1987 1307852 89631 798898 1818373 2706902
1988 1408879 416049 1504686 2605857 4526592
1989 1132316 258240 1438761 1686309 3383310
1990 978646 90580 581490 1889922 2561993
1991 1176318 320804 2057619 2466657 4845080
1992 1233785 542895 3331361

1993 1737426 43000

1994 1052905

1995 1737009

1996 2056205

1997 1086610



