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Fairly intensive gill-netting in Cultus Lake was done from 1935 through
1942. Its influence upon the different predaceous fishes of the lake varied.
Only the char quickly declined in abundance and remained scarce. Trout not
only failed to decrease, but fluctuated upward during the years 1938-40. Coho
varied sharply in numbers, but the changes in successive broods were related to
the number of parent spawners which entered the lake, rather than to the net­
ting program. Squawfish, the most numerous predator, were quickly decimated
in their intermediate size range and such sizes never regained their original
abundance. However the smaller squawfish were less affected, and the smallest
nettable sizes increased greatly in 1940 and 1941, possibly because the origi­
nal slaughter of large squawf'ish five years earlier restricted cannibalism.

Changes in mortality rate of sockeye over the S!llllB period involve the
year-classes of 1933-40. These changes show little resemblance to changes in
the apparent populations of salmonids, either individually or collectively,
but they do parallel the size of the squawfish population, except for one
year. This exception~ be explicable as the result of an unfavorable effect,
upon sockeye fry survival, of haVing a large population of year-old sockeye in
the lake - for which there is some independent evidence.

Although netting of the kind and amounts done in 1938-42 did not suffice
to prevent the upsurge of young squawfish in 1941-42 from increasing sockeye
mortality to a normal level, the addition of various kinds of netting in swmner
and early autumn, along with increased winter and spring effort, would quite
likely have done so. At least further attempts are warranted.

Production data for the lake suggest that its maximum capacity for
sockeye growth over a year's time is about 45 metric tons, which yields 14 tons
of smolts at normal survival rates, and 21 tons at the survivaJ rates charac­
teristic of the first years of predator control (broods of 1934-38). The
minimum desirable smolt size is about 6 grams so the above difference of 7
tons corresponds to 1,200,000 smolts, which in turn could provide about 143,000
additional adult salmon to the fishery, worth $179,000 in 1952. Since the cost
of control would be about $10,000 per year, this gives a measure of the
possible benefit of an intensified netting program. However the reaction of
squawfish and other species to netting had not reached any balance up to 1942,
so any such future project would be experimental for a number of years at
least.
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Predator Control and Sockeye Salmon Production

R. E. Foerster and W. E. Ricker,
Pacific Biological Station, Nanaimo, B. C.

Introduction and Ackno-oledgement

studies of sockeye salmon smolt production in Cultus Lake during the
period 1927-1935 revealed the existence of heavy freshwater mortality, of the
order of 96 per cent from the fry to the smolt or seaward migrant stage
(Foerster, 1938). Having found also that many of these fry and fingerlings
were eaten by piscivorous fish in the lake, an attempt was made to decrease
the mortality rate by relllDving such fish whh gill-nets. The fish netted
during 1935-38 included 10,130 squawfish, 2300 trout, 760 char and 720 coho
salmon. Concurrently the survival rate of young salmon in the lake increased
about three-fold, and their average size also increased (Foerster and Ricker,
1941).

A cost analysis indicated that control of piscivorous fishes was a
practical and profitable means of increasing production of adult salmon,
provided the relation between control and increased survival was really one
of cause and effect, and provided the initial success could be sustained
over a longer period. The desirability of continued effort to dete:rm1ne
these points was obvious (Foerster, 1944), but the program was not continued
by the Fisheries Research Board because the Cultus Lake investigations were
taken over by the International Pacific Salmon Fisheries Commission in 1938.
The Conmiasion, however, continued to expend considerable effort in removing
predaceous fishes up to June of 1942; it also kept a record of the number
and size of smolts produced through 1944; and it has continuously maintained
a count of adult sockeye which enter the lake. All this information has
recently been made available to the writers for the purpose of making an
analysis of events in the lake subsequent to 1938. For this courtesy we are
grateful to Mr. Loyd A. Royal, Director of the Salmon Connnission.

ChaIlBes in Abundance of Predators

From 1938 through 1942, gill-netting was done in the lake from January
or February through May or June, using gill-nets 150 feet long, either
singly or in combinations. The catch is shown in Table I, along with
January-June catches for earlier years. The total net-nights of fishing
effort and the catch per 100 net-nights are also given.

In a netting program for predator control, two conflicting objectives
present themselves. On the one hand, in a little-explored lake it is
desirable to fish nets of many different meshes, sizes and types, and in



Table 1. Number of fish caught by gill-nets, January-June,
1935-42, of the more important species, and catch per 100
net-nights. For 1938-42 these figures represent the
total removal of piscivorous fishes from the lake, other
than by angling. For complete yearly catches in 1935-37,
see Foerster and Ricker, 1941, p. 317.

Net- Squaw- Total
nights fish piscivores

To~catch-

1935 162 814~
1936 2935

i~~!?-
348 138 184 684 3630

1937 3755 372 70 19 439 1908
1938 3548 1726 587 91 167 807 2571
1939 3604 1338 648 117 351 618 2454
1940 3245 2162 822 67 23 1076 3074
1941 2i21 4547 397 28 643 847 5717
1942 4393 3065 390 54 304 1152 3813
Catch per 100 nights -

1935 503
1936 101
1937 39
1938 49
1939 37
1940 67
1941 219
1942 70

12
10
17
18
25
19

9

4.7 6.3
1.9 0.5
2.6 4.7
3.2 9.7
2.1 0.7
1.3 30.3
L2 6.9

23
12
23
17
33
40
26



maDY locations, to see which methods are most efficient. On the other hand,
U the catches are to be used es indices of abundance of the fish populations,
the strictest uniformity in all these respects is desirable, especially as
between corresponding seasons of successive years.

The or1g1nel plan of work '!-t CultllS Lake for the most part emphasiZed
exploration and diversity. Trials were made with floating nets having
webbing 6, 9, 12, and 24 feet deep, and with bottom-set nets 6 and 9 feet
deep. The total number of nets in use was varied, as was the relative number
of different meshes, and also the frequency with which nets were attended.
At the same time, in order to obtain comparative measures of populations, it
was proposed to repeat, periodically, the kind and amount of netting that had
been done during some limited portion or portions of the year. As an
additional check upon the effectiveness of netting, sqUawtish were tagged in
an ettort to determine the fraction of the population being removed.

Rate of Removal of SQuawtish

Squawfish were tagged using a strap tag applied to the upper part of the
gill cover. The fish used were the livelier and least damaged of those taken
in gill-nets.

The first experilnent was made during the period June 6-21, 1935. Of 451
fish tagged, only 40 were retaken and 18 of these were not by normal fishing ­
10 of them came to fence 7 in the outlet creek, where relatively few normal
squawtish appear. Several were picked up dead in the lake, with gill-covers
damaged or fungused. Figure 1 shovrs the percentage recaptured of dUferen
length-classes, exclUding "strays" lind all June recaptures. An iJnportant
factor contributing to the poor return was less careful culling of the fish
used for tagging than was used later. Fairly careful selection was used on
June 6, the first day of tagging, and from that day's release 18 and 20 per
cent recoveries were obtained for the two central length-classes, as compared
with 4 and 3 per cen~ for all other days.

The second tagging experilnent was done in the early winter of 1936-37
(November 10 - January 4, but mostly in December), and in the spring or 1937
(February 22 - J4ay 22, mostly late March through May). Favouring better
recoveries in this experiment were the cooler temperatures, much stricter
culling, and the fact that the tagging was done just before or during t.he
spring season of high catchability. Numbers tagged and recaptured are shown
in Table II. The percentage recapture, in 1937, of winter-tagged fish is a
m1nilnal estimatoe of the 1937 rate of exploitation for squawfish of the length­
classes concerned. In the better-represented classes the spring-tagged fish
are less often retaken, as expected because of their being vulnerable for a
shorter tilne. Fish of the 285-millimeter class were the ones most frequently
retaken, both in the 1935 and the 1936-37 taggings (Fig. 1). The smaller
rate of recovery of smaller fish presumably results largely from their lesser
VUlnerability, and perhaps to some extent from a possible greater ratoe of
loss of or death from tags. The decrease 1n rate of recovery indicated for
the largest fish s also probably chiefly the result of smaller vulnerability;
but there might also be a greater natural mortality rate 8lIlong them.
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Fig. 1. Percentage ot tags recovered in two squawfish tagging
experiments, and the number tagged. Returns are complete
to the end ot 1936 tor the 1935 tagging, and to the end ot
1937 tor the 1936-37 tagging.
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The avel'888 1937 rate ot removal ot squawtish of 248-322 milllllleters is
evidently close to 25 per cent. In a year having intensive autUIIIU tishing
like 1936, it would probably have bee higher, ~ 35 per cent. It s
ditf'icult to estimate how lIuch these tigures should be increased to t8ke care
of' deaths tram eftects of' tagging and losses of' tags. The tish on WhIch holes
trom lost tags were recognized are listed in Tab e II, but quite a nUlllber 1181'
have escaped attention. 'r8king these into accoun , a 40 per cent rate of

val in 1937, and 50 or 55 par cent in 1936 se8llL 111te1Yi even higher
tiguresare quit8posll1ble.

'!'hUB the tagging experllllents indicate that gill-nets could end did t8ke
a large trac ion of squawtish present, particular y in the intel'lll8d1ate length
range (2fl~ milllllleters).

The only other fish tagged were 4 trout in 1936-37, Jon
l'ElC ~ur' •

Catches of the -Test"l'eriods- of 1935 and 1938

OVer a period ot 25 days in late liliy' and ;rune ot 1938, nets were set and
tended 1n a quantity and lII8IIJler whl eh exactly dU.pl1cated what had been d ne
in 1935. The catches obtained in each mesh are shown in'1'able III of Foerster
and Ricker (1941), and the s1'1;e distribution ot the fish is given in their
1'igure 4 (cf. also Table IV.r thi paper).

Considering the eftorts ot the two years as completely equ1valent, it
appeared thet tor sgUBwtish the 1938 catch was reduced to about one-eighth
(0.13) of that of 1935. '!'he variations ot deorease in catch with size of' f1sh
is approximately 1'eciprocal to the variation ot eatchabUity with size, shown
in figure 1. Greatest reduction in catch was ettected among t1sh of 1nter­
mediate sizel those taken in meshes 2.5-ll inches being only 1/25 as nWll8rous
as formerly. The llllla11 tish t8ken in the 2.25-inch mesh were OJ18->1'itth as
n11llUlrons as in 1935, and it 18 probable that a 2 inch mesh would heve shown
much less reductlOl1 or none at all - these representing, of course, the young
fish Just entering the gUl-net 1'1shery. '!'he big fish taken by nets larger
than 3-inch mesh were little it any scarcer, doubtless partly because these
IIl8shes were little used after 1936. In the case of~ ;rune inshore catchas
do not 1nclude IIlIID7 ind1v14uals but the 1938 cat.eh WaR e thA n 9:'\5.
For~, the 1938 catch was only 38 per cent of thet of 1935.

There 1s a possibil1ty thet the above catch comparisons lIl1ght exaggerate
d1fterences between the two years, because whereas in 1938 the 1nshore reg10n
h d een continuously 1'ished to within two days of the start of' the test
period, 1 1935 the nets were put 1nto a practically UD1'1shed 18ke. '1'0 check
on this, a compar1son among the four weeks of the test per10d has been made
(Te.ble III). 1'01' trout and char there 1s in fact an inorease w1th tlllle in
the re.t10 of 1938 to 1935 catch, but for squawf'1sh and suckers this ratio is
largest in the 1'1rst week. '!'hUB thore is n reason to suspect b1as in the
1935-1938 comparr;m for squawf'1sh and suckers, and the whole ot the data can
be used. On the other hand, 1'1. 1s not un.lllte},y that the salmon~ds were
atfe~ted differently t1'Olll the two wam-water spedell. Using thp Jas two



1.935 lJl38 1.95:> l.93El. 1.935 l.938
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Squa-dillh

29 20 8J. 40 38 32 34 28

Table IV. Sqwnrflsh catches o~ the 1935 and 1938 teat-net periods (col\DDD.8 2 and 5), BI14
the aameadjusted for chengelncatchabl11tywl'thslz8. 1ntYloetages (of.thetext}.

l.5.0
22,'7
19,2
(10)
(10)
(10)
(10)
(10)



weeks' data onl;y, the est1JDated ratio ot the 1938 to the 1935 troui: popu­
lation is 14:21, or 67 per cent. This i8 IIIOre in line wUh other indices than
is tha 38 per cent derived rrom the whole test period.

Change in S9.uawtish Population rrom 1935 to 1938

Tn s~uawtish population which is act-ive in eonsUll1n.g :roung aoeke:re
includes ~e rish dawn to about 175 _. rork length. The nets used took squaw­
rish lass than 200 1IIIIl. onl:r raral:r (Poerst.er and Rieker, 1941, J'18. 1), even
when 2-inch I18sh was used, 80 that a group or lIlI.!Ill predators was searcel:r
touched at all. Among those that are caught in 801118 numbers, the SIII8ller ones
are relati"el:r IlUch lIlore nUlllerous iilthe lake than is suggested b;y the length
distribution or the ca ches, because they are less vulnerable. J'ori;qnatel:r
there is an indication or the r t1.ve vulnerabilities ot different sizes ot
squawtish 1n the variation in rate or return or tags, shown in F18u:re 1.
These t18ures are not completel:r applicable to the test-net catches or 1935
and 1938 because no 2-inch mesh was used during the test periods, whereas it
did contribute to the return ot tags; however they can serve as a point or
departure. In Table IV the catches ot the two test periods are grouped at 25
111m. intervals and weighted by a ractor proportional to the reciprocal I;)t the
rate ot ~turl1 tram the 1936-37 tagging (columns 8 and 9), except that tactors
tor tish ot 335 mm. and larger are all based on an estimated 10 per cent rate
or return. The result, shown in collllDlls 3 and 6, gives length distributions
more nearl:r representative ot the lake's population over the catchable size
range. However, as just explained, the adjustment is nadequate ror the
smaller squawtish, a ract which is indicated also b;y the rapid decrease in
apperel\t numb!lr ot small t1sh below 235 mm. As a rough correction, theretore ,
the length classes or 260 mm. and less are all assigned a 1935 abundance or
300 relative to the larger classes in the series. In 1938 these are all
reduced ~.n the rat1.o ot the test-net catches or the two years, except that tor
the 210 mm. group, whare very raw rish were taken, an extrapolated higher
value is used.

The indioes or abundance estimated 1.n this enuoua tashion are 1581 tor
1935 and 558 ror 1938. OVer the three years there was a deorease ot 1023, or
65 par cent. In spite ot ts l1mi.tat ons, this tigure gives a much better
picture ot the decrease in the eUective soekeyeeating population, achieved
by netting, than does the tigure 87 per cent taken tram the gross catches.
Indeed it is likel:r hat the relative abundance tigures assigned to the small
tish in Table IV are too ow, while rish less than 200 mm. have not been con­
sidered at all; hence the effect ot netting on the "total" stock is probabl:r
s1;Ul overes imated. On the other hand the 1938 squaw1'ish were or very
much smaller size, on the e,verage, than those ot 1935, and sqU8.1d'ish les8
tp.an 225 mm. or so long eat rewer soc-keye than do larger ones; hence 1:0.35
ill perhaps as good an es 1mate as can be made or the ratio ot the effeotive
populations.



Characterietics ot the General Nett:lnB Program

No repetition ot the "test periodsR was made atter 1938, so that the
story ot population dynamics in later years comes trom the regular netting
progl'lllJl. Comparisons among years other than 1935 have one great advantage
over those involving 1935, that the length composition ot the squawtish taken
was much more nearly the same in all years (Fig. 3), and consequently major
adjustments ot the kind made in Table IV are less necessary. On the other
hand, trom 1936 onward there were changes in age ot the nets, and some changes
in the total number set and in the relative number ot each mesh. Consequently
the problems which these variables involve must be considered. '

1. Suppose that a tish population is exploited by a tishery whose units
ot gear (nets, trawls, etc.) are scattered r~dolll1y over 1t, so that all tish
are exposed to the possibility ot capture at short intervals ot time and there
is no possibility ot local depletion occurring. P'urther, the units ot gear do
not interfere with each other in respect to the mechanics ot their operation.
In such a situation any unit ot gear reduces the ca ch ot the others, and in a
sense Illlly be said to RcompeteR with them. The competition takes the torm ot a
reduction in the size ot the tish population as a "hole; as the tishing season
progresses each unit catches tewer tish, and with more gear present, the
decrease is relatively more rapid. In tMs situation, catch-per-unit gear is
proportional to the average population on hand during the tishing season.

2. It tishing gear 1s not dispersed orderly over he popul.ation, its
action tends to produce local reductions in abundance grea er than what the
population as a whole is experiencing, leading to a ditterent type ot compe­
tition. SUppose that a populatlon can be successfully tished over onJ.y a part
ot its range (near he shore ot a lake, tor example). Then the nets set near
shore produce a local depletion ot the supply; additional nets set in the same
region increase the local depletion and ca ch ·pe:t'-unit-ettort will rall ott
in proportion to the local abundance. The magnitude ot this tall is oushioned
by the tact that some tish trom the rest ot the stock keep wandering into the
tishing area and keep the supply there trom dropping as tar as it otherwise
would. In this situation, catch-per--untt-ettort does not vary as the average
abundance ot the whole stock, but tends to tall ott more rapid.ly than that
abundanoe, as tishing ettort increases. Thus catch-pe:t'-unit-ettort will
fluctuate more violently, with change ot etfort between years, than does the
corresponding average abundance of the whole stock.

3. Finally, if the setting of an additional unit of gear interferes
directly with other gear, there exists competition which is independent of
population abundance, even locally. For example, setting a new gill-net near
one already in operation may scare fish away rrom the latter. Or much fishing
of a schooling fish may disperse the schools and so reduce tishing success
more than proportionally to actual decrease in abundance.

Competition of type 1 above can be considered normal and inevitable.
It might be better not to call it competition at all, since the term is
usually maan~ to suggest erfects of types 2 or 3. Catch-pe:t'-unit-ettort



calculated from the whole season's ac n1.ty of any tairly intensive fishery
cannot be expected to reflect the initial abundance ot the stock. It a
measure of initial abundan e is reqUired allowance must be made for the fac
that fishing reduces 1:he stock (Ricker, 1940; also below). Competition of
types 2 and 3 mayor may no be present in any gtven situation - it depends
entirely on the nature 01' the fishery. In general, type 3 appears to be
rather uncommon, but type 2 may be of rather w. de occurrence, and may often
exist where it is not suspected.

At Cultus Lake the ne s were not se closely enough together to augges
significant competition of ype 3. Type 2 l'Ompetlt on may, ho ever, be quite
important, since the nets used never covered he whole of the range occupied
by any fish. Insofar as type 2 competltion 6Xlsts, catch-pel'-unit-effort will,
at the higher levels of ffon, be relatively 00 loVl to be representati.ve
even of the average population present dux ng fishing. Thus catch of squawf1eh
per unit effort in June of 1936 was about one-tentb of that of 1935, but other
indices suggest less reduct. ion m to al populat ons over that; perlod. The
discrepancy appea s to be mainly the resul of ype 2 competition between the
much larger numbers of nets used in 1936. Fran 1936 onward there was less
change in number of nes in use during e first halt of the year, so that
most years are on much he same footing in that respect. However, attention
should be called to the reduction of effort in 1941, as compared with 1940 or
1942 (Table I).

Total catch as an index of popula 10n

A13 rate of exploltatlon becones la..-..ge, catch-per-unit ,effort becomes more
and more difficult 0 nterpret; in terms of relative populatlon abundance, 60

it is useful to examine any other possible mdices. The use of total catch
as an index of population has 11m1 ations which are the reverse of those­
applying to catch-pel'-uni -effort. Completely valueless .in the presence of
changing effort at low levels of exploitation, to al catch becomes more and
more useful as rate of exploitation increases, and a the extreme limit
(complete removal) would be a comple ely sccu:rate measure of s"tock initially
on hand. That is, effects of compe ltioD of all three types above are
automatically removed under such conditlo'lS. Of course, this limit is never
reached, but for rates of exploitation in excess of, say, 50 per cent, it
wiU often happen that total catch is a more 11setul statistic then catCh-per­
unit-effort. Since the annual rate of removal of the medium sized specimens
of at least one predator, the squawfish appears to have been of the order of
50 per cent, to al catch s plotted along Wl h indices based on catch-per-
uni effort.

A final variable Wh1Ch can be glven some consideration 1S the age of the
nets in use. Our general experience was that nets decreased in usefulness
only slov/ly, and in most years some replacements were made, so that average
effectiveness of fishing probably did not vary greatly from year to year from
this cause. Exoeptions are 1935 and 1941 in boh of whioh years an almost
completely new set of nets was put lnto operat1on. Catch-pel'-unit-effort in
these two years, therefore, is apt to De somewhat "teo high to be oomparable
with other years.



Indices or Abundance :rrom the General Netting ProejraD.

Since squarlish consume sockeye chiefly tram October to AllrU, it; is the
size or the winter and spring population which is or mst interest. Recruit­
ment and growth apparently occur entire~ in summer, for the evidence :rrom
seasonal. growth or the younger squmrt'ish is that they do not grow in cool
weather (Ricker, 1938e.). Our comparat ve data are all :rrom risbing during the
rirst haIr of the year.

Four indices are presented in J'igure 2, each or which has some merit as
representlng the trend cr the papula ion over the years. The~ 1!.!!!!.-Z!!!!!:
catch (A) probably minim1zes rluctuations which have occurred. The total catch
divided ~ total~~ (B) 13 of some value, but many of the netii""Iiicluded
in the total take very tew squawtlsh. Th.., ~-!&.~.E!!.~~~
~ !~~ (C) includes only nets which catch appreciable
numbers ot squarlish, and lt presents a picture or sharper fluctuations than
the previous index. J'inally, tho catch~~~E!~ nets ~!&.!!B!
;runo (D) is tor meshes 2.25, 2.5 and 2.75 inches. Bocause tew nets were used
"fiithose months or 1935 and 1938, catch-per-unit-effort tor those years is
unrepresentatively high.

Considered as estimates ot population, graphs A, B, C, and D are consi­
stent in their presentation ot the direction ot the trends tram one year to the
next. An estimate ot the~ of these changes is subject to the IIlIilIY
qualifications discussed above, particularly when an index ot to al (i.e.
sockeye-eating) population is what J.S desired. In an earlier section the total
populations ot 1935 and 1938 were estimated as being in the ratio ot 100;35,
in spite ot a much larger dUference in ca ch-per-unit-etfort. However very
much less adjustment of ca ch-pe-r-unit gear indices is necesBary in making
oomparisons among years other than 1935, because the large body ot highly
vulnerable medium-sized fish ot 1935 never again appears (l!'!g. 3). That is,
the catches are predominantly ot individuals recruited rairly recently. On
the other hand the smallest fish, ..hich are relatively invulnerable, were
undoubtedly present in good numbers in aD these years, but they contributed

~~~~e~om:~: ~; :~d~gt~ot:~a:;c~=~e~u;~;t~~.q~~~;o~:~~l~:j~~:m::e
for all years after 1935. l!'rom considerat ons or leng h distribution this

ould be of the order of 0.5 ot an ordinate uni for graphs B and C. and 1
unit for D. SUch a procedure makes graphs B-D more closely resemble A, and
in later comparisons A will be followed. A tigure tor 1935 is obtained from
the test-net ca ches described earlier, as 1/0.35 • 2.9 times that for 1938.

The general history ot the squawfish popule: ion consists or ax: original
decline from 1935 to 1937, tollowed by httle change or possibly some inqrease
in 1938. In 1939 a slight decrease is indicated, but 1940 saw a sharp
increase in abundance. Thi s was followed by a greater increase in 1941, which
brought the population up to a level not tar trom that ot 1935. In 1942 it
decreased again to about the level ot 1940.
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Not enough 1n1'ormation is available to explain these changes with com­
plete assurance, but it is probable that the young squawfish, like the young
sockeye, experienced an increase in survival rate when piscivorous fiehes
were reduced in number. The most important consumers of age 0 squawfish are
likely to be juvenile and older squaw1'ish, which frequent the same inshore
areas in summer. The year-class of 1936 would be the first brood of squawfish
to benefit appreciably from predator control during the year it was hatched,
which is presumably the time that it is most vulnerable to predation. Only in
their fourth year of life do squawfish begin to enter the range of sizes taken
by our nets (Ricker, 1938a), and the 1936 brood would start to appear in 1939.
When a year older, all or nearly all are vulnerable to the gill-nets. Hence
the rapid build-up of the nettable population in 1940 and 1941 could have
resulted from improved survival of the young of the year-classes of 1936-37.
To speculate on the reason for the decline in 1942 is not very profitable, but
the fact that it did decline 1s encouraging. Perhaps the accUlllulat1ng popu­
lat10n of juvenile squawfish of the 1936 and 1937 broods began to again put
ser10us pressure upon the fry, beginning with the year-class of 1938.

Although the nUlllber of smaller squawf1sh caught per unit of effort has
fluctuated greatly, there has been no comparable change since 1937 1n the
numbers of the mediUlll-sized and larger fish. In Figure 3 the size d1str1bu­
t10ns of comparable "populations" of squa\orf'ish are shown over the years, fomed

. by sUDDlling the length frequency distribut10ns of catches of meshes 2.25, 2.5,
2.75, and 3 inches for a particular month, each mesh be1ng given the same
weight. The 1932-34 catches are ltunped because 11ttle ~etting was done in
those years. A frequency d1str1bution of the kind shawn in Figure 3 of course
does not represent the s1ze distribution of the lake's populat10n, but t can
show up changes 1n the latter. The or1ginal removal of med1Ul1l-s1zed and fauly
large f1sh 1n late 1935 and 1936 1s apparent, and also the fact that the 1935
s1ze distr1but10n was not except10nal, but very similar to what had been taken
in gangs of similar ne1;s set sporad1cally in 1932-34. The smallest s1zes of
squawfish remain fairly common throughout because they were cont1nuously
recruited, and when the great increase of 1940 and 1941 took place, 1t entered
at the smallest vulnerable sizes 1n 1940, and 1n 1941 moved into the lower­
mediUlll s1zes (up to 250 mm.) in some nUlllbers. In 1942 this brood was much
reduced aga1n, w1thout having been able to apprec1ably repopulate the s1ze­
groups above 250 mm. which constituted the great bulk of the primitive
population.

It is this last fact wh1ch chiefly distinguishes the observed changes
in squawf1sh abundance from what would result from a purely natural fluctu­
ation involv1ng a ser1es of weak year-classes followed by one or two strong
ones. A year-class of the magnitude of the one entering the f1shery in 1940
would have moved on through and been represented by a large body of fish of
at least med1Ul1l size (260-300 mm.) by 1942. The absence of a~ unusual
quantity of such fish shows that the gill-nets are very effect1ve 1n el1m1na­
t1ng the great bulk of any brood, within a year after 1t grows 1nto the
vulnerable s1ze range.
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Trout

Although small numbers of trout could always be caught in nets set near
shore, especially in spring, it has been impossible to demonstrate that the
netting program affected their abundance. Trout are also taken by angling
end no records of that catch are at hand. It is quite likely that the catch
by angling exceeded the net catch in most years.

Comparisons IJf April trout catches per net-night for 1936-38 Viere
presented in the earlier paper; these can now be continued to 1940, and for
some meshes to 1941 or 1942 (Table V, l!'ig. 4). No significant trend downward
or UP\vard is apparent, although there are considerable fluctuations in the
catches of ndividual meshes.

The total trout catch (Table I, l!'ig. 4) was about the same in 1936, 1937,
1941 and 1942, but during the intervening years 1938-40 it rose to higher
levels. The total spring catch divided by total net-nights is similar, but
gives higher values for 1940 and 1941, while the low value for 1942 is appar­
ently chiefly the result of more deep-water fishing in that year.

Possible changes in length-frequency were searched for by constructing a
"population" consisting of the catches of the 2.25-, 2.5-, 2.75- and 3-inch
meshes in each year (solid histograms, Fig. 5). The distributions are
suggestive of three principal age groups in the fishery, probably ages III, IV
and V. The catches of smaller and larger meshes add to the picture (super­
imposed open histograms) but are not available for all years. Age II fish
were present in the catch in small numbers, particularly in years when 2-inch
mesh was used; the modal size for this age would apparently be about 200 mm.
There is some indication of variation in strength of the different year-classes,
and the larger catches or 1938-40 might be largely attributable to a single
strong brood.

Whatever the details or the rluctuations in trout population may have
been, there is in l!'igure 4 no trace or any" persistent depletion or fish of
intermediate and large size within a year or two or the start of the predator
control campaign, such as shown in Figure 3 ror squawfish. If the total catch
picture is representative, the increase of 1938-40 comes after the right
interval to suggest increased survival of trout fry follOWing the initial
decrease in squawfish abundance. However that would not account for the decline
of 1941-42.

The abundance of char, as measured by total catch or catch-per-net-night,
reached a relatively lovi level as early as 1936 (Foerster and Ricker, 1941)
and since that time has shown no recovery (Table I). The smallest catch was
28 fish in 1941, and the rise to 54 in 1942 was chierly the result of
increased deep-water fJ.shing in the rirst four months or the year.
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Fig. 5. Length rrequency distributions or trout caught
in meshes 2.25 through 3 inches (sol d histograms)
end in all meshes (open histograms).



0.14g
0.009

160
0.038

0.151

1938
0.580

0.268
0.585 0.165 0.118

0.3450.222
39

0.200 0.375
151

0.1lI9
620.163

22
0.271 0.178

0.500 62 0.000
0.091 0.288

0.182



The coho taken by the net,a were a1Jllost wholly of the -residual- type, and
their abundance depended mostly on the number of adult anadramous coho which
entered the lake each year (Foerster and Ricker, JolS). Coho become large enough
to eat sockeye fingerlings some time in the aut\llllIl of their second year, and
they were caught mostly in the spring of their thi:(d year. Total catches (A)
and catch-per-unit-effort (B) are shown in Figure 6. Ev,1dently 1941 was the
year of greatest population.

Control of coho is much easier than for any other predator. It is only
necessary to prevent adults from entering the lake in order to reduce their
population to a negligible level. There need be no reluctance to do this on
the ground of diminishing the supply of adult coho, since it was found that
coho which enter the lake contribute very few smolts to the marine stock (loc.
cU.).

Squawtish, trout, char and coho appear to be the only species which regu­
larly eat fingerling sockeye. Several other species have been observed to
take very young alevins. These include sculpins (Cottus ~), Rocky Mountain
whitefish (Prosopium~), and older sockeye. Occasional sculpins
were taken in our nets, but there is little likelihood that their abundance
was affected. The whitetish has remained rare throughout, as has the peamouth
chub (MYlochellus~) wuich is not yet shown to be a salmon predator.
Suckers (Catostomus macrocheilus) are conunon, but were not found to eat salmon
eggs or young. The~ sockeye larger than fingerling size has
fluctuated in response to the size and growth rate of their successive broods;
their possible effect on survival of fry is discussed below.

Factors Intluencil18 Survival of Sockeye

Sockeye Mortality before Predator Control

Before comparing the changes in predator populations with sockeye morta­
lity and survival, it is necessary to consider what changes occurred in
survival prior to predator control. The complete history of survival in the
lake is given in Table VI and plotted in Figure 7. Comparisons are hampered
by the fact that artificial propagation was used in some years, but the best
adjustment possible is made for this in columns 9 and 11 of the Table. During
the years 1925-33, before predator control, there was some variation in
survival rate, though it is much less than what occurred later. Consider­
ation of the characteristics of the populations concerned permits two tenta­
tive hypotheses concerning the cause of a pert of this variability. It is
suggested that (1) when very large numbers of spawners enter the lake,
survival from unspawned egg to yearling is poor; and (2) any fairly large
carry-over of yearlings which fail to migrate at age I depresses the survival
rate of the following brood. On this basis the pre-control broods are d~vided

as follows:
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1. Broods which s em from natural propagation of unusually large numbers
of spawners: 1927.

2. Broods which llved, all f and flngerlings, with large populations
of yearlings: 1925, 1928. 1932.

3. Broods not inc1ud d sbove: 1926, 1929, 1930. 1931, 1933.

N"otice first the four Yflars of nat.ural propagation. indicated by op8ll
c1 rcles in Figure 7. A brood hanng very large popula on (1927) and a brood
which lived with a large ~arry·.over of y~lings (1925) both suffered much
grea·er mortal ty than two ro ds <l930 and 1931) which lacked these probable
disadvantages. The Tears f artifiCial propagation, qhown by black circles in
Jl'gure 7, are less conSls en wlth the hypo heses, perhaps because of greater
possibilities for varJ.atl0 ha chlDg conditions (eyed eggs) or viabilitT of
fry. Of he years of try dlstrlbu lon, 1926 has a low and 1928 a high mor al1ty
rate, as postula ed, bu 192 is sIs high. :tor eyed-egg planting. estima ed
mortality for 1932 was intermed ate, bu was greater thll1l for the "unhandlcapped"
year-class 1933.

There are of course not enough y ars' data to establish these hypo heses
in any statistical sense. but they accord wi b cOllllllOn-sense notions of ...ha
may happen in the lake. POOl' survlVs1 of a very large population could result
from crowding of spawning beds or competition among fry, while a large group
ot year-old fish in the lake could be an even greater handicap tor an oncoJ:l1ng
brood. In add1tion there is considerable likelihood that the brood ot 1927,
which produced very small yearling smol s, produced also unusualq large
numbers ot lake-maturing residual sockeye. This devolves from the fact that
residuals are derived mainly trom the smaller tlsh of any brood CRicker, 1938).
They were produced fairly nwnerously by he 1931 year-class, which had
moderately small smol s, bu unfortuna ely no net ing was done in t.he lake
when the abundance ot the 192" year-class residuals could have been checked.

Turning nour to the years of prEtdator control, we find that from 1934 to
1938 there were no exceptionally large spawning runs and no large numbers ot
~wo-year-old smolts. However 1939 and 1940 both had large adult runs, almost
equal to 1927, so lOOrtality might be expected to be greater han usual. In
addition, the 1940 brood may have had considerable competition trom tha ot
1939. Two-year-old smolts in 1942 are listed as only moderateq numerous but.
the probability ot numerous res1dualB ot the 1939 brood is even grea er han
tor 1927, since the yearling smol s were smaller (Table VI)l.

Predator Abundance and Sockeye lIortality

In order to estimate changes in effeetive total predator abundance, it
would be neeess8ry to know bo h the relative abundanee ot the different

lAnother possibility is that two-year-old smelts ot the 1939 year·.class were
more numerous than shown in Table VI. Their size was small, overlapping
broadly that of the year11ng smolts with which they migrated, and apparen ly
some ditficulty was encountered in separating the two ages by scale markings.
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species and their relative errectiveness in killing sockeye. As regards the
latter, stomach contents suggest that over the whole year a trout is equivalent
to about 5 squawtish, a coho to about 4 sqUll.wtish, and a char to about 3 sqUll.W­
:t'ish. Coho eat more sockeye than trout do in spring, but probably less during
the previous summer and autUlllIl because or their small size then. Although
apparent~ less numerous than the squawtish, the salmonid population thus might
outweigh the latter in total effectiveness as predators. Un1'ortunate~ the
only idea or the relative abundance or the several species comes fram the
number caught by the nets, since no in:ronnation on relative vulnerability is
available.

Consumption of sockeye by individual predators was round to be propor­
tional. to the abundance or the sockeye, except possib~ at the lowest levels
of sockeye population (Ricker, 1941). In such a situation the mathematical
relation between predators and sockeye is that the instantaneous mortality
rate of the sockeye should be directly proportional to the effective abundance
or the predators (Ricker and Foerster, 1948, p. 205; Ricker, 1952). This
instantaneous rate is plotted in the lower halr of Figure 8. The first two
and the last t\'/o )'flars shown represent the usual mortality rate in the absence
or predator control; this is close to 4, corresponding to surviyal of about
1.9 per cent fran unspawned egg to yearling. The year-classes from 1934 to
1940 exhibit a maJ:ll:ed fluctuation, with which we lDIl.st compare the changes in
predator populations that occurred over the same period.

Most interest attaches to a comparison 01' sockeye mortality and squawtish
abundance, since rar more squawtish were caught than any other species, and
only squawtish seem. to have been seriously a:rrected by the netting program.
An estimate of squawtish abundance is plotted along with sockeye mortality in
Figure 8. Apart from the year-class or 1940, there is a general similarity
between the two graphs, This resemblance is consistent with the hypothesis
that variation in the squawtish stock has been a major cause of the fluctua­
tion in sockeye survival rate over the years concerned. The fluctuations in
sockeye mortality are of course on a much smaller scale than the fluctuations
in squawtish population, since not all predation s done by squawtish, and
since some sockeye probably die tram causes other than predation.

A similar comparison or sockeye mortality with measures of trout and coho
abundance (Figs. 4, 6) cannot be said to suggest any relation between them.
To al salmonid catch is entered on Figure 8, but again no relationship is
indicated. Adding the salmonids to the squawtish graph does perhaps improve
slightly the degree of correspondence or the latter with the sockeye mortality,
but does nothing to change the aberration at the right end. In any event,
simple addition of catches or catch-per-unit-effortts of the different pre­
dators is arbitrary because their relative vulnerabilities are unknown, and
because of their differences in etficiency as sockeye catchers. On the whole,
what is known of predators other than squawtish indicates that while they
probably make at least a fairly important contribution to the total predation
upon sockeye, they are no important contributors 0 the~ in sockeye
mortality indicated in Figure 8.

In the previous section it. was noted that the year-classes 1934-38 were
free of two handicaps vm.ich seem to increase mortality rate - these being



/934 IQ38

SQVI\WFISH

1940 /942 /944

SOCKEYE MOH7ALlTY.

'932 19M 1936 1940 1942

Fig. 8. AbaTe: ElI1;imate. at spring popula1i1ona at lIquaw:tish
and ot saJ:mon1dll, in 1;he years shown a1; the 1;op, based all
1;oW ca1;ches (exoep1; ill 1935). Below: InIl1;ljll1;aneOulI
monalit,. ra1ie ot lIooke,.e ot the ,.ear-o!assell a1;1;~oked by-
the predatorll above, adjusted to te1'lllll at na1;ural prOPBgsUon
in all ,.ears.



extra large population size, and a large cOlllplUl1on population of yearlings.
The year 1939, however, had the first of these handicaps, while 1940 probablY'
had both. Adjustments for these effects on the lower graph of P'igure 8
would lower the point for 1939 s<Dewhat, and lower that for 1940 still more.
In II comparison with the squawtish line above. this adjustment would make for
better agreement in the relative positions of the last two Y'ears, but it is
doubtful whether the overall resemblance would be 11Ilproved. lth or without
such adjustment, P'igure 8 is not enough to~ that sockeye mortalitY' was
affee ed by squawtish abundance. It does indicate that this is sufficiently
likely to make further work on predator control a most promising approach to
increasing sockeye stocks.

Survival in the ocean and on the fishing grounds is of interest here onlY'
tnsofar as it 1IlSY' have been affec1;ed by freshwater survival. The last column
of Table VII shows the approximate percentage return of smolts for the year­
classes 193'7-42 and for earlier Y'ears of natural propagation. The years of
high freshwater survival which followed illlllled1ately- on the introduction of
predator control (broods of 1935-38) were characterized by averege or bette
than-average ocean survival. The three subsequent years of normal or poor
freshwater survival (1939-41) were accompanied by poor ocean survival. There
is no reason to suspect that freshwater survival rate, as such, should affect
survival in the ocean. However, one type of connection can be traced. The
low freshwater survival of the 1939 and 1940 broods apparentlY' resulted partly
from the large number of eggs deposited, and the same c;t'owding of the environ­
ment reduced smelt size, particularly in the 1939 brood (Table VI). Foerster
(148) shows that there is a general inverse ralation betlveen smolt size and
percen.tage return, and the ocean survival of the 1939 brood was much the worst
on record. However, size of smolts accounts for only a part of the poor ocean
survival of the three years 1939-41, and to a considerable extent it lIlSy be
merely- fortuitous. Whatever the causes, the combined effect of poor survival
in the lake and in the ocean, upon the large spawning stocks of 1939 and 1940,
was to cut tham down to ordinary size in a single generation.

After 1942, ocean and freshwater survival cannot be estimated independ­
entlY', but their combined effect has been to hold all cycles at a fairly­
steadY' density (column 8 of Table VII). If natural and fishing mortality out­
side the lake have reverted to the levels of the middle 1930' s, survival from
egg to smolt must again be of the order of 1.5-2 per cent.

Probable Effectiveness of Yore Intensive Netting

In sUllllllar1zing the actual and potential value of predator control on
Cultus Lake, it is desirable not only to know what has happened, but to assess
what might have happened if control work had been rigorouslY' continued or
itens1fied.
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It is likely that control could be made more effective by prosecuting it
during times of year in addition to January-June, as far as possible. The
possibilities are perhaps limited, but not unimportant. Gill-netting during
sUllllller runs into difficulty because of the crowds of vacationists on the lake,
and from mid-October to late December it is imprectical because of the adult
salmon in the lake. However the addition of six weak's intensive netting in
September and early October would take a large bite out of the squawt'ish
which have just grown into the TulI1erabla nze range during the summer, and so
prevent them having several months' contact with the fingerling sockeye.
Winter and spring fishing gets the sqU!!Wfish only after 3-8 months' damage has
already been done, though of course such fishing ould have to be continued,
and it could be intensified. In sUlllJler, it is possible that less conspicuous
gear could be used, submerged trap-nets for exemple, and these might prove
more effective at all seasons, specially for the smaller squawt'ish. JUlother
possibility that could be explored is that of using rotenone locally in
shallow water in summer, where it would be likely to kill cyprln1ds, but not
salmonids other than a few coho fry.

By these various means it is likely that the squawfish could be brought
under some kind of steady control which would permit much higher sockeye
survival rates than those of 194~42. If in addition the coho were practi­
cally eliminated by barring access of adults to the lake, it 18 quite possible
that sockeye survival rates of the order of those of the 1934-37 broods could
be maintained indef~itely, that loS, about 7 per cent survival from unspavmed
egg to smolt, or 300 smolts per female.

Value in Terms of Additional Sockeye Caught

In the earlier report a balance sheet was presented of costs and benefits
of predator control up to 1938. As of 1952, the cost of control on the scale
contemplated would be up to about nO,OOO per year, while the value of the
adult sockeye to fishermen is now 25 cents per pound, or about tll.25 per fish.

Apart from changes in money values, new consideration of the cost picture
is necessary because of the higher level of sockeye stock now present in the
lake. The former evaluation uas appropriate to a period when all four runs
of sockeye could be and were being rapidly increased. NOI'I, however, there
are important indications that the maximum productivity of the lake for sock­
eye was achieved by the broods of 1935 and 1936, and the attempt to surpass
this level of productivity with the large 1939 and 1940 broods resulted in a
debacle, just as did the earlier attempt of 1927. Thus an estimate of the
productivity potential of the lake must now be made.

The most noticeable effect of large broods in the lake is the fact that
the individual fish become small (Foerster, 1944). This is of direct import­
ance because large smolts produce more adults than do smaller smlts; for
example, ocean survival is estimated to be doubled over the range of smolt
size from 4 to 7 grams (Foerster, lIS). JUlother serious result of small year­
ling size is that an increased fraction of the stock does not migrate at age
I. The fish carried over require an additional year's nourishment from the
lake and suffer additional mortality estimated at about 90% under natural



conditions (Ric.k:er and ~'oerster, 1948). For theee handicaps o~ partial and
poor compensation is a:rforded by the larger size attained by the survivors
when they finally do migrate as, 20-year-old smolts. Also, som's su$. tish fail
to migrate at all. In that event they are a complete loss to the fishery;
they become a oontinuing drain on the lake's plankton supp~, and they also
eat 80M sockeye try of later broods. As noted earlier, the number of non­
migrat.ing sockeye produced by year-classes having very small smolts may have
been very damaging. From the history of known year-classes (Table VI) a tenta­
tive desirable minimumllize limit for IIJIlOlts, above which these unfavorable
effects are largely avoided, can be set at an average weight at 6 grams.

We know that smolt weight is inversely related to size of the brood.
What is the Cast indicator of brood size for this purpose? Is it the abundance
ot the brood at the yearling stage, or is it its abundance when just beginning
lalre life as try? Unfortunately there is no direct count of fry tor most
years, but number of eggs in females can be used as an indirect measure ot
initial abundance of each brood. Using data for the eleven years of nafAU'eJ.
propaga'tion (Table VI), relationships can be computed as follows:

Q.uantities related

Average weight of yearling QIlolts (1'1) and
estilllated total number of yearlings (N)

The same, with (E) (see below) aliminated

Weight of yearling Jllllolts (1'1) and number
of eggs in their parents (E)

The saIne, with (N) el1m1nated

Multiple co relation of un with (N) and
(E)

Standard
regression
~

The tvlO variates between thElLI account tor a satisfactorily large
traction, approxilllately 74 per cent, of the variability in smolt size. Number
of eggs and number of yearlings have a positive correlation of 0.697, so the
partial correlation of each with smolt size is numerica.l1y less than the
simple correlation. The standard regression coefficients suggest that nwnber
ot yearlings is more alose4r related to smelt size than is the number of eggs
from which they sprang. Rcmever, since percentage hatch of eggs probably
varies, it is possible that if an index of initial number of fry were avaU­
able, it would be as good or better than number of smolts as an index of
resulting smelt size. Actually the two standard regression coefficients each
have a standard error of 0.252, and hence do not differ significantly. We
conclude that both number of yearlings and number of fry have some independent
effect upon smolt size, which ill of the llama general order of l118gnitude for
each.



'1.'lro con'trasting hypothetical situations l1lBY be put forth in order to show
the bearing of the above computations upon the role which predator control
might play in the future. Firatly, suppose that the limit of productivity of
the lake could be compl.e'tely described in termll of a JIl8Ximum nlllllber of smolts
of adequate size which it could produce annually. As a basis for discussion,
consider the figure 2,000,000 smolts, weighing 12 metric tons, as a possihle
average potential -sustained yield-. These amolts could be produced in two
ways: in the presence of a normal predator population there would be a normal
egg-to-BlIlO1t survival rate of say 2 per cent, so that 100,000,000 eggs would
have to be laid, tram about 24,000 females. Alternatively, the SaJ:l8 lIIDOlts
could be produced under conditions of predator cmxtro1 at a survival rate of
say' '1 per cent; this would require 29,000,000 eggs frail '1000 females. !'ram an
economic point of view, the difference between the two procedures is that in
the latter case, 1'1,000 additional females and accompanying males could be
spared to the fishery. JlaJ.es being commonly about halt as nUlllllrous as females
at Cultus, this would represent 25,000 fish altogether, worth about $30,000 at
1952 prices. Since the commercial fishery normally operates with a considerable
oversupply of gear and personnel, this $30,000 could be almost wholly ne't gain.
Ho\7ever, it is not likely that control operations could be justified on this
basis. The difference between benefit and cost is only $20,000, and there is
no way of assigning the cost of the benefits to the particular fishermen to
whom they accrue. lIore llnportant, there is no way of seeing that exactly the
right number of fish is taken by the fishery, in order that the correct number
of spavmers will reach the lake. To regulate spawnillg as envisaged, it would
usuaJ.J.y be necessary to have a certain surplus reach the lake, and those which
had to be destroyed at the lake atter the quota was achieved would be of
relatively little commercial value.

A second view of the lake's limit of productivity would be that it could
support and bring to migration the survivors of same fiXed number of sockeye
!!!z each year. For argument let us say it could support the fry produced from
the eggs in 15,000 female spawners, i.e., 63,000,000 eggs. At the "normal­
survival rate this yields 1,300,000 smolts. At a '1 per cent survival rate
the yield is 4,400,000 molts. The gain in this case ill 3,100,000 smolts, of
V/hich 10 per cent or 310,000 survive to adults. At prevailing levels of
effort possibly 80 per cent of the latter would be caught by the fishery,
giving 250,000 fish worth about $300,000.

However, neither of the two kinds of assumptions contrasted above is
realistic in the light of the correlations examined earlier. It appears that
both the number of fry initially present, and the number of yearlings produced,
must be taken into consideration in setting a limit to the lake's sockeye out­
put. This suggests that the total drain on the lake's sockeye food production
might be a oore fundamental limiting factor, and this in turn should be fairly
closely related to the actual increment in weight of all sockeye in the lake
during the year. Ricker and Foerster (1948) have computed this production of
sockeye in the lake for a number of years, defining production as the total
sockeye flesh formed, including what dies or ill eaten in the lake as VIell as
that which survives to migration time. It was found that sockeye production,
in weight units, was about 3.2 times as great as yearling stock in years
before predator control, and 2.1 times as great during control (Lc., Table V).
ThUll for all:y" gJ.ven limit of production there would be 1.5 times as great a



weight of migranta with control, as without 11;. The limit of production
suggested in 1948, fran 1n:rormation up to 1938, was about 45 metric tons, and
as it turned out, production by the large populations of the early forties did
not exceed thlll figure. A total production of thill magnitude yields 14 tons
of amolts without control and 21 tons with it. Estimating the minimtnn pe;7."lll1s­
sible average size for &molts at 6 grams, as before, this gives 2,300,000 and
3,500,000 smolts respectively, yielding 230,000 and 350,000 adults. Without
control, 27.000 famales or 41,000 of both sexes would be needed for reproduc­
tion, and 230,000 - 41,000 = 189,000 could go to the fishery. With control,
only 6000 male and 12,000 famale spawners would be needed, and the fishery
could take 350,000 - 18,000 = 332,000. The net gain from control would, there­
fore be an extra catch of 332,000 - 189,000 .. 143,000 fish worth t179,000,
provided the rate of exploitation could be accurately adjusted. Necessary lee­
way in the latter respect ould tend to reduce these figures somewhat.

An estimate similar to the above can be made using the hypotheslll that it
ill the lake's production of sockeye in summer \vhich best reflects the limited
food available and used, sUIllIIl8r being-the time that most growth is made. In
that event the difference between control and no control is somewhat greater,
and the possible difference in catch is of the order of 18,0,000 fish.

The above figures give an idea of the magnitudes of the possible bene­
fits from renewed and continued reduction of predator populations to the
level encountered by the 1934...37 year-classes. Further experiment is needed,
however, to see whether thill level could or could not be maintained, or whether
it could be lowered even farther. Another feature of any renewed experiment
at the lake should be limitation of spawning at some level considerably below
that of the disastrous years 1939 and 1940. Indeed such limitation may become
necessary even withoU1; control, if it is desired to avoid renewed dominance of
the lake by one of the four cycles. The wide gap between cost of predator
removal and the prospects for increased catch seem to warrant renewed effort
along these lines, whether at Cultus Lake or elsewhere.
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