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Spawning Stock Size and Resultant Production
for Skeena Sockeye!

By M. P. Suepanp axo F. C. WITHLER

Fisheries Research Board of Canada
Biological Station, Nanaimao, B.C.

ABSTRACT

For age 4 and 5 Skeena sockeye, plots of total production of adults from individual brood
years against number of parent spawners gave a reproduction curve with an almost linear
ascending limb and a very precipitous descending limb. Masimum reproduction (2.4 million
sockeye ) was achieved at spawning levels of slightly over 0.9 million; the maximum sustained
yield (1.4 million) was provided by spawnings of 0.9 million. The stock is very sensitive
bath to small changes in fishing intensity, and to random variations in survival caused by
density-independent environmental fluctuations. Therefore the attainment of high sustained
ylelds by application of a constant optimum exploitation rate is not practical. Regulation to
provide the optimum number of spawners each year would more likely provide the highest
average yield. Observed fuctuations in commercial catches over the past 50-0dd years can be
accounted for by changes in annual rates of exploitation. Still higher yields might be attained
if individual components of the composite stock studied could be managed separately.

INTRODUCTION

Tue SkeEna Riven is currently the third largest producer of sockeye salmon
(Oncorhynchus nerka) in British Columbia. Over the past 50 years it has pro-
duced an average annual yield to the fishery of 79,439 48-Ib. cases of sockeye,
or about 953,000 individual sockeye per year. The Skeena sockeve are exploited
mainly by gill-nets within a radins of 40 miles of the river mouth and within the
lower reaches of the river itself. In the Skeena River system there are some
16 lakes which support sockeve. Of these, by far the most important is the
Babine-Nilkitkwa watershed which accommodates about 75% of the annual
escapement to the Skeena system as a whole.

Past studies ( Milne, 1955; Godfrey, 1955) have shown that there is a positive
relationship between the size of the catch in the parent year and the contribution
of progeny of that year to the commercial catch. This relationship suggests that
the number of adults returning to the fishery from a given brood vear may be
dependent upon the abundance of spawners in the parent year. The purpose of
the present paper is to examine the available information in more detail and to
characterize the relationship, if any, between the abundance of spawners and the
size of the resulting stock.

HISTORY OF THE FISHERY
The history of the Skeena sockeve fishery, from its inception in 1877 up to
1948, has been described in detaijl by Milne (1935). It began in 1877 with the
establishment of the first cannery. In that vear about 3,000 48-lh. cases of
sockeye (approximately 37,500 fish) were packed, and about 40 boats were
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employed. From 1877 to 1910, the number of boats and canneries increased
progressively, the expansion in effort being rewarded with increasing returns
(Fig. 1, Table I). In the peak year 1910, a catch of 185,000 cases (about 2,750,000
sockeye ) was obtained by a fleet of some 850 gill-netters.
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Ficure 1, Catch, effort, and catch per unit effort for Skeena sockeye, 1896
to 1935 (averaged in 5-year periods ).

During the early period of expansion, the increasing exploitation of salmon
stocks throughout British Columbia prompted application of conservation
measures, By 1894, province-wide regulations had been issued covering the
licensing of boats, the type of gear to be used in fishing, and the areas in which
: fishing was permitted. From 1900 to 1910 concern over the heavy fishing in the
i_ Skeena area resulted in a limitation of the number of licences issued to 850 per
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season, and to stricter enforcement of existing regulations concerning the area
of fishing (see figure 1 of Milne, 1955) and the time of fishing (a 24-hour
weekly closed period existed during this period ).

Beginning in 1915, the number of boats was permitted to increase again and,
by 1933, a peak total of 1,218 boats was licensed to fish the Skeena. Not only did
the number of boats increase but, from 1924 to 1935, the mobility of the fleet
was greatly increased by the replacement of sails by gasoline engines. To counter
the increase in effort increasingly stringent regulations were imposed. During the
period 1810 to 1936, the upriver boundary had been moved about 8 miles seaward
and the weekly closed period had been lengthened from 24 to 48 hours.

From 1910 to 1936 both the catch and the catch per unit effort declined steadily
so that, during the 5-year period from 1931-1935, the annual average pack was
about 56,000 cases, only 46% of that obtained during the peak 5-year period,
1906-1910 (Fig. 1).

Due largely to the poor return per boat in the mid-1930's, which made
maintenance of a large fleet impractical, the number of boats fishing began to
drop after 1935 and, by 1941-1945, the fleet averaged only 803 boats per year,
compared to the peak average of 1,175 per year in 1931-1935.

Following this decrease in number of boats fishing, the catch climbed
slightly and, for the 1941-1945 period, an average annual catch of some 62,000
cases was obtained. With the decrease in number of boats, there was an increase
in catch per unit effort of about 0%,

From 1936 to 1954 both the average catch and the average catch per boat
remained relatively constant at about 50% of what prevailed during the peak
period 1908-10. The catches from 1955 to 1957 were much lower than any since
1885, These lower catches were due to severe restriction of the fishery during the
years of return of progeny from broods depleted by the 1951-52 rock slide in the
Babine River { Godfrey et al., 1954, 1956 ).

From 1941 to the present the gear and boats have continued to increase in
effectiveness. In 1942 the mechanical drum, which greatly speeds the picking up
of nets and permits the fishermen to make more sets, was adopted by the fleet.
In 1935, nylon gill-nets, which are said to be about twice as effective as other nets
for river fishing, replaced linen nets. These increases in effectiveness were again
accompanied by increased restriction. In 1949, the upstream boundary was moved
3 miles farther seaward. In 1953, a special one-week closure was imposed near the
peak of the run. During the period 1955-1957 there have been a number of special
closures of the fishery during the fishing season, and an extension of the basic
weekly closed time frum 48 to 72 hours.

I11 assessing variations in fishing effort, an important consideration in the
long-term d[*\*e]upment of the Skeena fishery has been the participation of fisher-
men of Japanese origin. As demonstrated by Milne (1953}, Japanese have been
more effective fishermen than either whites or Indians. Their greater effectiveness
is due to the fact that they fish more days of each fishing season and more hours
per day. In the early part of the century Japanese fishermen formed a Major com-
ponent of all British Columbia gill-net fishermen, For example, in 1916, 2,506 of
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the 4,615 gill-net licences issued in the province were taken out by Japanese
fishermen (Anon., 1918, p. 240). On the Skeena, although accurate records are
not available for the years prior to 1922, it is probable that about 60% of the
gill-net Heet was manned by Japanese. Between 1922 and 1926 the number of
Japanese fishermen was reduced by licence limitations from about 60% of the
total Skeena fishermen to about 35%; and from 1926 to 1941, when the total
licences issued for the Skeena wvaried between 844 and 1,218, the number of
licences issued annually to Japanese remained at 295. In 1941, as a consequence
of wartime r{:‘{._rLlLlfllIJﬂ\, all Japanese left the Skeena area. They began to return
to the Skeena fishery in 1949 and at present again form a substantial segment of
the Skeena gill-net fishermen.

ESTIMATION OF STOCK SIZE AND ABUNDANCE OF SPAWNERS

In order to determine the relationship between the number of spawners and
the resultant total stock, it is necessary to obtain two pieces of information: first,
the abundance of the total stock returning from the seeding of a given year; and
second, the number of fish s[hm'ning in the parent year. To estimate the mngni-
tude of the total returning stock, it is necessary to determine the contribution of
each brood vear to h[:-th the commercial catch and the escapement. On the
Skeena, bI.I'L]\E.*".E_‘ predominantly mature at 4 and 5 years of age. Thus the total
stock of re turning adults: produced by the spawners in year n would be the
number of 4-year- t}]d fish in both the catch and escapement in the year n + 4 and
the number of 5- year-old fish in the catch and escapement in year n 4 5. Data on
both the magnitude of the commercial catch and on its age composition are
available since 1912. However, reliable data on the abundance and age composi-
tion of spawners are available only since 1946 (e.g. Brett, 1952 )

Estintates Prion 1o 1946 axp v 1945

Without direct measures of the characteristics of the spawning populations
prior to 1946, it becomes necessary to estimate the size of annual sockeye escape-
ments and their age LG[L‘JpU::[]rma by indirect means. For the vears in question,
such estimates could be derived il the annual rate of ﬂplmtdt]un and the number
of fish in the catch, and the age composition of both the catch and escapement,
were known,

ESTIMATION OF ANNUAL EXPLOITATION RATES

For the period 1946 to the present, relatively accurate estimates of the rate
of utilization and the age composition of the escapement are available from catch
statistics and from examination of fish on the spawning grounds. The number of
boats fishing on the Skeena is also known for this period. If it is assumed that the
instantaneous rate of fishing in any year is proportional to the number of boats
operating in that year, and me ing the number of boats operating in both the
recent .md earlier periods, it is ]uma:hh to estimate annual exploitation rates in
yeuars prior to 1946,
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In establishing the rate of exploitation in recent times, it is necessary to
restrict consideration to vears in which the pattern of the fishery (with respect
to length of fishing season and to duration of weekly closed periods) was
essentially similar to that which existed in the prL-lF}Iﬁ period, and in which
reliable measures of the size of spawning escapements were available. The years
1946, 1947, 1949, and 1950 fulfil these requirements.” Estimates of the rate of
exploitation and instantaneous rate of fishing for these vears are given in Table 11
{columns VII and VIII). From these data it is seen that in the years in question
the rate of exploitation averaged slightly over 50%.

In determining the number of units of effort (here the number of boats
fishing) for each year, the number of licences issued (see Tabie 1) can be used
as the measure of the number of hoats fishing each season. However, because
the effectiveness of gear has varied over the period under study, and because
the proportion of Japanese fishermen also has changed, direct use of boat licence
data would provide biased measurements of rates of exploitation, It is therefore
necessary to adjust the boat licence data for changes in fishing effectiveness of
gear and fishermen. Milne {1955) has examined the comparative effectiveness of
fishermen of different racial origins and of the effectiveness of gasoline boats
{commonly called ‘gas’ boats ) as mmpawd to sail boats, and has used these data
to arrive at weighted measures of fishing effort (adjusted numbers of boats). He
accepts as his unit of effort 1 gas boat operated by a white or Indian fisherman.
To account for the lesser effectiveness of sail operations he applies a factor of
0.9 to sail boats and to adjust for the greater effectiveness of the Japanese, applies
a factor of 1.5 to all boats opvmtmi by Japanese licence holders. Because the
introduction of mechanical net drums oceurred suddenly (in 1942}, there are no
data available to assess the difference in effectiveness between boats equipped
with drums and others. However, the increased effectiveness of drum operation
is provided primarily by the ability of the operators to haul their nets more
quickly and thus to make more sets per unit time. This :tdv:mt;!ge is very similar
to that conferred by the addition of the gas engine to the old sail boat hulls, in
permitting gas hoat operators to ma ke more drifts over favoured ﬁﬁ]'lirlg grounds
(bars) per unit time. Without more precise data it is most reasonable to assume
that mechanical-drum gas boats had about the same degree of increased effective-
ness over non-drum gas boats. Thus, a factor of 1.11 would be assigned to
drum-equipped boats.

In Table I, the number of gill-net boats licensed for the Skeena area since
1908 are listed {column VI). By applying the factors described in the foregoing
paragraph, weighted numbers of boats have heen derived and are given in
column X of Table I.

Using these weighted numbers of boats as the measure of effort, estimates
of the rates of exploitation for the period 1908-1945 and in 1948 were derived as

fEscapement estimates are not relishle for 1948 (due to a washout of the Bahine adult
counting weir ), nor in 1951 and 1952 (due to the destruction of a large part of the escapement
by the Babine River rock slide). From 1953 on, the seasonal pattern of the fishery has been
altered by a series of special closures and strikes
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F101




Ty |I|l.'.:- EAWRHErS ],
applied (see page 1013),

b of upstream Indian food fish
e weighting factors have been

antaneous rate, 1, is equal to —Inglﬂ—.n.

LS

*lotal escapement

0y

1015

follows: In the period 1946-1950, for which the rate of exploitation is known with
some precision, the average rate, 52.3%, was effected by an average of 932
weighted boats.® Converted to an instantaneous rate of ﬁaluug, this exploitation
rate becomes 0.740. Thus the average instantaneous rate of fishing per boat is
calculated as 0.740/932 = 0.00079. In column XI of Table I the weighted boat
values have been multiplied by this estimated unit rate of fishing to arrive at
estimates of the total rate of ﬁshing in each year. In column XII these are con-
verted to arithmetic rates of exploitation (fraction of the population caught).

These rates of exploitation were computed without regard to the possible
influence of changes in fishery regulations on the eﬁcvtwenes:. of the fleet. The
main changes rlunng the pvrmd under study were movements of the up-river
fishing boundary (in 1925, 1935 and 1948). Available data indicate that the
changLs that did occur probably did not exert extreme effects on effectiveness.
For example, the rate of exploitation prior to the 1948 boundary change was very
similar to that observed in the period immediately following the shift (Table II).
As a consequence, no corrections have been made to the effort data to account
for changes in regulations in the pre-1946 period.

ESTIMATION OF ACE COMPOSITION AND CATCH ABUNDANCE

In studying the relation between the abundance of the total stock and the
size of parent spawning escapements, it would be cxi}octed that the maoast prr;*cise
relationship would be achieved if statistics for a single stock could be employed.
As mentioned earlier, however, the Skeena sockeye pﬂPllla[‘iOI‘i is composed of
several different stocks and precise separation of the single most important stock
(that of the Babine-Nilkitkwa area) is not possible. Nevertheless, differences in
the age composition of the runs to some lakes permit some restriction in the
numher of stocks that must be treated as a unit.

Examination of the age composition of the catches {summarized annually
in the British Columbia Provincial Fisheries Reports, 1912 to 1957) indicate that
the majority of adult sockeve in the catch are 4- and 5-year-old fish that have
spent one year in fresh water (4,'s and 5;'s}. However, every year there are also
substantial numbers of fish of 5 and 6 years of age that have spent two years in
fresh water (5;'s and 64's). Recent observations of scales from fish taken on the
spawning grounds indicate that most of these 54's and 6;'s spawn in the Morice
and Alastair Lake systems and that the runs to these two areas contain relatively
few 4, and 3, individuals. The spawning runs to Morice and Alastair Lakes have
comprised, on the average, about 13% of the total Skeena spawning escapement
in recent years. Of sockeve utilizing the rcmﬂ.lmng lake systems, about 85% utilize
the Bahine-Nilkitkwa watershed. Thtlb, if the 5; and 6, fish are omitted from
estimations, the resultant relationship between escapement and return will reflect
MOre ;14::_-ur~sl_4:]:. the i‘.-nrfnrm:mte of the single most important stock in the Skeena

sysbem.

Correction factors used in Table I were also applied in column XI of Table 11,
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In Table I, columns III and IV, the estimated numbers of 4. and 5. fish in
each year’s catch are listed and the total given in column V. These data were
derived using essentially the same method as was outlined by Godfrey (1958,
p- 333). However, some adjustments were made to correct for errors in sampling
procedures. In the early years especially, it was found that sampling was not
carried out in proportion to seasonal changes in the abundance of the catch, To
correct for this, the annual age compositions were recaleulated by weighting the
observed weekly estimates of age composition according to the weekly abundance
of the catch. In general, these recalculations necessitated only relatively small
changes in earlier estimates of age composition (eg. Godfrey, loc. eit.).

ESTIMATION OF SPAWNERS AND RETURNING STOCK

With the above information on the rates of exploitation, data on the abun-
dance and age composition of the catch may now be utilized to provide estimates
of the abundance of spawners in the years prior to 1946 (and 1948), and of the
abundance of the returning stock produced by the spawnings of those years.

Estimates of total escapements in the pre-1946 period and in 1948 would he
derived as follows:

(1) E, — C, (1 = ”-)
{1

Where: E, = total escapement in year n,
C. = total catch in year n (4,5 and 5.5 ),
a = annual rate of cpr-::itation in year n.

However, the escapement figures derived in expression (1} include a number
of sockeye that would be taken in the Indian food fishery hefore reaching the
spawning grounds. In Table III, available data on Indian food catches are com-
pared with the total estimated escapement for the period 1935-1948. The data
indicate that during this period the Indian catch comprised 9.2% of the total
escapement. To arrive at an estimate of the total spawning escapement, it is
therefore necessary to apply a factor of 0.9 to expression (1). The size of the
spawning stock is therefore caleulated as:

e e 3 (I = d)
(2) P =) B g
i

Where: P, = total spawners in yvear n.

Estimates of spawning escapements for the pre-1946 period and in 1948 are listed
in column XIII of Table I. f

For the pre-1946 period and for 1948, the total resultant stock (i.e. the catch
and the escapement arising from the spawning in a given brood year) was
estimated as follows:

(3 - Mt L0




numbers of 4» and 5. fish in
column V. These data were
outlined by Godfrey (1958,
-orrect for errors in sampling
mnd that sampling was not
abundance of the catch. Ta
caleulated by weighting the
ing to the weekly abundance
sitated only relatively small

e.g. Godfrey, loc. cit.).

loitation, data on the abun-
utilized to provide estimates
1946 (and 1948), and of the
wwwnings of those years.

weriod and in 1948 would be

r .

ssion (1) inelude a number
fishery before reaching the
dian food catches are com-
veriod 1935-1948, The data
nmprised 9.2% of the total
Jpawning escapement, it is
ssion (1), The size of the

eriod and in 1948 are listed

-ultant stock {ie. the catch
1 given brood year) was

L

1017

Where: 5, = total resultant stock arising from the spawning of year n,
Cinss = catch of 4; fish in vear n 4+ 4,
Csnts = catch of 5. fish in year n 4 5,
fpsq = annual rate of exploitation in year n 4 4,
fy+s = annual rate of exploitation in year n 4 5.

Values for 5, are listed in column XVI of Table 1.

TasLE I1I. Total Skeena Indian food catches of sockeye
and total estimated escapements of 4. and 5 fish for
the vears 193548, Catches shown are from data of
Pritchard (1948); they exclude catches made on the
Bulkley River system, where the sockeve are pre-
:]mmnuu:h 53 and fs fish bound for Morice Lake.

Estimated
total

Year Indian catch ESCADEMENTS

thousonds of fish

1935 51 344
1936 bt 618
1937 i 78
1938 58 A%0
16930 71 (ifi4
1840 137 1070
1941 58 i
1942 40 339
1943 249 32
1044 48 016
1945 36 1044
1946 28 1185
1047 a6 514
1048 a0 343
Average 511 G20

Esrivares For 1946 to 1957 ( Excrvpise 1948)

For the period from 1946 on (except 1948) spawning stock estimates were
based on Babine River weir counts and stream survey estimates for all other
Skeena spawning grounds except those of Morice and Alastair Lakes.® Total
escapements from the commercial fishery were derived by adding the spawning
ground estimates to Indian food catches (excluding those taken on the Bulkley
l’un.r_. migration route for Morice Lake spawners). The estimates of spawning
escapements are listed in column X111 of Table L.

Examination of length frequency distributions of spawning fish to obtain
gross indices of age composition indicates, that in most years, the age composition
of the spawning stock roughly parallelled that of the commercial catch, However,
in the years liil-iﬁ 1947 and 19530, there was apparently a higher proportion of 4.
in the escapement than in the catch. For the period 15946- J.U:Pi the age composition
of the escapement was taken to be the same as that in the catch, except for the
3 vears mentioned above, for which the proportion of 4.'s in the escapement was

H5ee p. 1015,
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adjusted upward. From 1955 to 1957, special closures of the fishery (as mentioned
earlier) distorted the normal seasonal pattern of fishing, making it impossible to
use catch age composition data for estimating age composition of spawners. In
these years, age composition data concerning the escapement were derived by
examination of scales from samples of sockeve taken by a research boat ﬁshmg
throughout the season above the commercial fishing boundary.

From these data the contributions to both the catch and escapement, of the
spawning in a given brood year, were determined and the estimates listed in
columns XIV, XV and XVI of Table L.

RELATION BETWEEN SPAWNERS AND RESULTING STOCK

For the period 1908-1957, estimates have been derived of the annual abun-
dance of spawners and of the total stock of returning adults produced from these
spawnings. Consideration has been restricted to 4. and 5. fish, which are pre-
dominantly sockeye originating in a single large lake system, the Babine-Nilkitkwa.
In Fig. 2, the estimated number of fish produced from the spawnings of indi-
vidual brood vears is plotted against the abundance of spawners in the parent
year. A diagonal line has been drawn to indicate the locus of points wherein the
total resultant stock would just equal the number of fish spawning in the parent
year. Hence, points lying above this “45-degree line” represent cases where the
total resultant stock was greater than the number of parent spawners, and points
below the line indicate brood years in which the total return was less than the
number of spawners in the parent year.

In general, the return and the number of spawners have tended to vary
together; small spawnings have tended to provide small returns, and, although
the resultant stocks vary widely at high spawning levels, the largest returns have
been obtained from larger—though not the largest—seedings. In only two brood
years of the 45 examined were the returns smaller than the number of parent
spawners. In other words, in only two years did the spawning stock fail to replace
itsel,

To characterize the relationship described above, the points have been
fitted empirically by the trend line shown in Fig. 2. This line was derived by
ranking escapement-return data according to the abundance of spawners (net
escapement ), then by determining the Enm‘ing mean by fives for associated
escapement-return values. The moving mean values of the resultant stock were
then plotted against the appropriate moving mean values for the parent escape-
ments, and a line drawn by eve through l'.h:_ points ( Fig. 3).

The shape of the tre nd line in Ficures 2 and 3 indicates that, for spawning
escapements from 0.2 million to 0.9 million increasing escapements on the average
provided increasing returns. Between 0.9 and 1.0 million spawners, the maximum
return was achieved; at escapement levels beyond 1.0 million, the absolute
magnitude of the return decreases.

The above relationship indicates that, for that portion of the Skeena stock
under Htllcly, the abundance of spawners is one of the most important factors
t[t:turin[nin:._: the ]'I-I'(JLIIH_'“II" af sockeve, The almost direct linear relation hetween
spawning 1.::11:u|‘|1im1 and average return in the ascending limb of the curve
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indicates that for spawning populations up to 0.9 million, the capacity of the
environment to produce sockeye is not limiting. However, the decrease in the
size of the average return in the upper part of the curve strongly suggests that the
capacity of the environment to produce sockeye is exceeded at spawning levels
beyond 1.0 million.

It is probable that limitation of production at high population levels oceurs
during the early freshwater history of the sockeye. This limitation could either
take place on the spawning prounds or in the lake nursery area. Although there
are no data available to indicate that the Skeena spawning beds have been over-
taxed, the amount of spawning area available to the fish is finite, and it is
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Ficure 3. Coordinates of moving means (by fives) of ranked parent spawner and

total resultant stock data, to illustrate derivation of the trend line in Fig 2
( see text, p. 1018).

possible that in some vears over-seeding may have occurred. Evidence has
recently been provided to indicate that the lake nursery area of some parts of the
Babine-Nilkitkwa system is sometimes sufficiently densely populated by young
sockeye to result in a decrease in growth rate (Johnson, 1956). As indicated by
Foersters (1944, 1954) work at Cultus Lake, such reduction in growth (pre-
sumably as a consequence of competition for food) may result in a lowering of
survival rate and a proportionately poor return of adults.

In examining the spawner-return relationship in Fig. 2, it is evident that the
individual points seatter widely about the trend line. At spawning levels in the
region of the ascending limb of the curve, the deviations of the observed returns
from the trend line are smallest near the origin and tend to increase with increas-
ing spawners. In Fig. 4 the data used in IlL[ 2 have been plotted on a double
logarithmic scale. Here it is seen that the ]r:geu'jthms of the deviations from the
trend line are no greater at high spawning levels than at lower levels, indicating
that the proportional variation is the same throughout the range of spawnings up
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3 Figures 2 and 3.
to 0.9 million, This pattern of variation probably results from the influence of
L randomly fluctuating environmental conditions which affect the survival of the
sockeye independently of their abundance. Such factors would affect both large
and small populations in the same proportionate manner. Examples of such
. factors might include adverse temperatures, or scouring of spawning grounds by
floods, both of which would probably destroy the same proportion of deposited
eggs whether the spawning were sparse or dense.
4
SPAWNER ABUNDANCE, EXPLOITATION AND YIELD
The curve derived in Fig. 2 reflects the performance of 4; and 5, Skeena
' sockeye over the past half century. As outlined earlier, these fish originate
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primarily in the Babine-Nilkitkwa system and for the purposes of the foregoing
development have been considered as members of a single stock. However, the
sockeye of the Babine-Nilkitkwa system actually comprise several individual
runs, each having its own spawning area and characteristic time of migration.
For some of thesc runs, the young live throughout their early freshwater life in
separate basins of the 5."’5“}[” ( Johnson, ]S‘aﬁ}. In geneml, the early-running
fish tend to populate the large main area of Babine Lake, whereas later-running
fish are primarily destined for spawning ﬂrmundb adjacent to the outlets of
Babine and Nilkitkwa Lakes. Thus, the curve in Fig. 2 represents the spawner-
return relationship for a population containing se\cral stocks, each of which
would have its own spawner-return relationship. In any one year, the stocks
may each be responding to a different relative level of spawning density with
respect to the capacity of its own environment.

Prior to 1954, the seasonal pattern of fishing was such that all important
segments of this mixed stock were fished with about the same intensity. Recently
however, it has become apparent that the spawning escapements of early running
stocks to the main basin tributaries of Babine Lake have been much smaller than
those which would result in full utilization of the lake nursery area (Johnson,
1956 ). For this reason, in 1956 and 1957 the fishery has been closed during the
early part of the season, disrupting the traditional seasonal pattern of fishing that
had existed during the previous 50-odd years. If such regulations are effective in
increasing pmduf_tmn from this segment of the Babine-Nilkitkwa stock, then the
spawner-return relationship indicated in Fig. 2 might be significantly altered.

Even though, as suggested above, changes in the traditional seasonal pattern
of ﬁshing might alter the sh;qpc of the composite curve, it nevertheless deseribes
the responses of the mixed stock under the rather uniform seasonal fishing
conditions? existing until very recent times.

Ricker (1954} has discussed the use of reproduction curves for studying the
relationship between spawner abundance, exploitation and vield. In Figures 2
and 3, the height of the derived spawner-return curve above the replacement
line indicates the number of fish in the returning stock that would be available
for fishing if the number left to spawn in the vears of return were to just equal
the number of parent spawners. For example, in Fig. 2, when the parent spawners
number 1.0 million, total returning stock would average about 2.2 million. If in the
vear of return an escapement equ: 1| to that of the parent year were to be allowed,
then the fishery could take 2.2 — 1.0 = 1.2 million fish. In Fig. 5a, estimated
average yields for various numbers of parent spawners are 1]]uxtrllttr_l Since the
total htrw st is shared between the commercial f|5|:4?:|‘\ and the Indian. food
fishery, two yield curves have been shown; the top line re presenting the total
vield "Lrld the bottom line indicating that part of the yield taken by the commercial
i‘shc,r} alone. The data show that the maximum av Crafe total vield would be
obtained from spawnings in the order of 0.9 million. OFf the total _‘.'i:*]li of 1.4

SCanmery records and records of regulations as far back as 1917 indicate that the seasonal
patterns of cateh and effort did not change greatly from 1917 until recent times

6The yield 1o the commercial fishery is estimated by assuning that the Indian fishery take
is eqqual to 10F of the total escapement from the fishery.
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million fish, the commercial fishery would take about 1.3 million. Spawning
escapements greater and less than 0.9 million provide smaller average vields. As
suggested by Fig. 5b, at spawning levels above about 1.25 million fish, the spawn-
ing stock would fail to reproduce itself and thus there would be no surplus for
fishing”.

Ignoring the effects of random environmental variations, the stock would be
stabilized at various spawning levels by the imposition of different steady rates of
exploitation (Ricker, 1954). In Fig. 5, the equilibrium points for various rates of
exploitation are indicated by arrows.

Because the ascending limb of the reproduction curve is nearly straight,
minor variations in the rate of exploitation would theoretically bring about
drastic changes in the level at which the stock would stabilize. Thus, if the
estimated commercial fishing exploitation rates varied in the relatively narrow
range between 57% and 67%, the stock could reach equilibrium at spawning levels
anywhere between 0.1 and 0.9 million spawners, with vields between 0.2 million
and 1.3 million. This means that at commercial exploitation rates in the vicinity
of 60, the stock is very sensitive to small changes in fishing pressure. Since the
maximum sustainable yield would be obtained theoretically by a commercial

rate of exploitation in this same general range (57% as indicated in Fig. 5b), the
problems involved in attempting to crop the stock at the optimum lev {-"] through
providing a constant annual rate of exploitation would be very great.

If the steady rate of exploitation were to exceed 70% for any considerable
period, the stock would be reduced to a level close to extinction.

At commercial exploitation rates below about 57%, the stock would stabilize
at levels of spawning associated with the descending limb of the curve. In this
area, the curve is not particularly sensitive to minor changes in fishing pressure,
but because of its precipitous slope would be very sensitive to random variations
which provided higher returns than the average; i.e. if, with constant fishing rates
below about 30, fortuitous environmental conditions made the returning stock
greater than expected, the resultant run would be pushed further down the
descending limb and the return in the next generation would be drastically
reduced.

As illustrated by Ricker (19538, when vear-to-year variations in the success
of survival are considered, the average vield obtainable from fish stocks is usually
greater if the fishery is regulated to l}rfmd( the optimum number of spawners
rather than to 1|3]".|h the best constant rate of exploitation, This is especially true
of sensitive stocks like the Skeena sockeve, where modest deviations from the
average magnitude of the returning run can cause disastrous declines in yield if
a constant fraction of the stock is taken every year. Furthermore, even if the
returning stock contormed exactly to Fig. 3, it would in practice be very difficult
to maintain the rate of :W]ﬂﬂlhjhﬂn \'.]Thl]‘l the narrow r: inge ri_(ln]]'ml to I‘Jr{n]dc' a
high vield. Thus best management of the Skeena stock involves varying the rate

"For the sake of simplicity in this discussion, the fish are considered to return to spawn
at a single age. Values ohtained for gverage yield under different fishing intensitics and at
different parent spawning levels are the same whether the returning stock is considered to be
composed of one or several age-classes.
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of utilization as the size of the stock varies, in order to provide something close to
the optimum number of spawners—about %000,000—each year.

Actuallv, as mentioned earlier, even higher sustained yields might be
obtained from the Skeena sockeve population if individual parts of the composite
stock ({considered as a unit stock in the present paper ) were managed as separate
units,

The observed fluctuations in the commercial vield of Skeena sockeye aver the
past 50 years have followed a pattern that would be expected as a consequence
of the interaction of the observed changes in rate of exploitation with the

T R T T

',._."-5;'-#,_ -

_—

A

4 ¥

L

me
a5L
Ted

the

G

Ju

M



TAL YIELD

(3%)

59 (22)
_zoln
100G

S

eena 4, and 5, sockeye,

Hate of t!’IPII”:I:HEI.IIIU]'I..‘rJ.:i
wrs of parent spawners.
cxploitation | commercial
sploitation exerted by the

le something close to

ed vields might be
wrts of the composite
managed as separate

wni sockeve over the
led as a CONSequUence
epleitation with the

Sl

1025

spawner-return relationship. The average yield to the fishery in the period from
1910 to the early-1920's (Fig. 1) remained fairly constant at a level of about
100,000 cases fahout 1.0 million fish). The rates of exploitation applied to the
parent stocks of these runs hovered around 55%. According to the reproduction
curve, commercial exploitation rates of this order would be expected to stabilize
the stock at levels near the top of the ascending limb (Fig. 5) and would be
expected to provide average yields of about 1 million fish.

From the early 1920's to the mid-1930s the catch fell. In the period during
which the parents ‘of the fish contributing to these catches were being exploited,
the rate of exploitation had risen to slightly over 60% (Table I), a removal rate
which would be expected to move the equilibrium point on the curve toward the
left and downward, and to provide smaller yields than in the former period.

From the mid-1930's to early 19407, the rate of exploitation declined and
levelled off in the vicinity of 50%, and the decline of the catch was arrested. The
observed respite in fishing increased the average size of the spawning escape-
ments, with the result that the stock would respond by moving upward along the
ascending limb of the curve of Fig. 5. However several generations would be
required before the stock would become stabilized at higher levels and provide
the corresponding average yields.
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