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ABSTRACT

The .relative abundance of coho salmon (Qncorhynchus kisutch)
in the Kaihs island troll fishing area was computéd;vfor‘the yearsA'“-
1943 to"l95l inclﬁsive, on the basis of the average catch per boat
per day each year. Tﬁe resulting figures varied from a minimum
of 75 pounds per boa£ per day in 1946 to a maximum of 231 pounds
per boat per day in 1951.

These yield per unit effért figures were thenistatistic-
ally compafed with the average surface salinity, or average surface
temperaturé, for various periods in the life history of the cohé
taken by the fishery in these.years. ‘

It was found that a very high correlation (r = 0.85,

p = 0.01 —.0.001) existed between thé average "summef" salinity
(June to Septembér inclusive) and the poundage“yield ﬁer unit
effort during that same year.

| It is suggested that this correlation is expiainable
‘in terms of varying growth rates in different yéars, and by
variations in the nuﬁbers of fish taken in these years, both
of these-factors being governed by the availability of food,

as evidenced by surface salinity.
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INTRODUCTION

The relationship between'ahimalsvliving in the sea and their envir-
onment is a very intimate one, and small changes in'environmental conditions
are quickly brought to bear upon the forms living there. This is as true
of the nektonic animals, espécialLy fish, as it is of the numerous other
types of life found in the sea. Workers.in fisheries research have élways
appreciated that such a relationship existed, but it is only within relat-
ively recent years that any'coﬁcerted effort has been made to interpret
variations in fish populations with the aid of oceanographic data.

The main drawback in using oceanographic data in fisheries research
has been--and still is~-a lack of fundamental knowledge about.the mariﬁe
areas concerned. In particular, there is a lack of longterm knowledge.
Records over considerable numbers of years are necessary-so that the
"norms" of the various hydrographical components may be calculated. It
is necessary that these "norms" be known if the changes in hydrographical
conditions from year to year are to be properly assessed.

This present study is an attempt to interpret the yield of one
commercially important species of fish in terms of some of the more

obvious features of its marine habitat,

Statement of Problem

The study is an attempt to determine statistically, for a limited
area, whether or not a correlation exists between the commercial catch

of coho salmon (Oﬁcorhynchus kisutch) in their marine habitaﬁ,’and the

environmental factors of salinity and temperature.
Limitations of the Study

There are two primary limitations affecting this study. These are:
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(1) the number of species that are investigated, and (2) the limited area
:for which fishing records were obtained. It was considered that a small
scale study such as this would lend itself better tb an accurate assess-

ment of. the variables involved,

Species Limitations .

| V'V'Thé>é6ho ééimon has been the only species inciuded in the invest- i
igation., It is one of the two species of Pacific salmon that is intens-
ively fishéd in the marine habitat by ocean troll fishefmen. The:other

species thus fished is the spring salmon (Q. tshawytscha). The coho was

chosen in preference to the spring, primarily because of the regularity
of its life cycle, both in the river and in the sea, as compared with

the irregularities of the life cycle of the spring.

Area Limitations
availabie, to have considered the complete marine catch of coho salmon in
British Columbia. The needed records were however, not available, and it
was not possible to carry out such a comprehensive study: Instead it has
been confined to only one of the major fisﬁing areas of the coast of
Vancouver island.

The area chosen from which to obtain the necessary records was the
Kains island fishing area. This area is situated off the mouth of Quat-
sino sound, on the northwest coast of Vancouver island. The size 6f the
area and its location are shown approximateiy in Figure 1. The area
outlined within tﬁe quadrilétéral indicates the area that is most consist-
ently, and most intensively fished. The fishing fleet may, sporadically,

range several miles in various directions from this area.
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Figure 1. Map showing location of the Kains island fishing area. The
dotted line off the coast represents the I00-fathom line, :
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As mentioned, there are seﬁeral major fishing areas for coho on the

British Columbia coast. Of these, the Kains island area is about the

only one that has all of the following édvantageous characteristics.

These are:

(1)

(2)
(3)

(4)

Kains iéland itself, which is situated on the. edge of the
éctual fishing grounds, is a recérding station for temperature
and salinity data of the coastal waters.

It is a well delimited area, and is intensively fiéhed.

A1l of the fish caught in the Kains island fishing area are
landed at the same place, namely at Winter Harbour.

It is a '"day~-fishing" area, which means that all fish caught

 are landed that same day.

(5)

(6).

Little or no fish from other areas are landed at the Winter
Harbdur fishing camp. The exceptions will be noted later.

Detailed records of the‘Kains island catch were available:

over a period of several years.

(7

A1l

The writer is personally familiar with the fishing area,
énd with the operations there. -

of the factors listed above contribute to the facility with

which the fish population of the area may be interpreted in terms of

- the variables in their environment,

The

Life History of the Coho Salmon

coho, like the other four species of Pacific salmons in British':

Columbia, is an anadromous fish., It is thus subjected to two completely

different environments during its life history, one during the period

that is spent in the sea, and the other during the time spent in the river,
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- In either of these two environmenﬁs it exhibits a behaviour that is differ=
ent from that in the other-~each being a distinct part of its life cycle.

Fresh-water Phase

TﬁeAmatﬁfing coho enter the British Columbia coastal streams be-
tween the months of September and November each year. The peak of the
upstream migration usually occurs in October. They travel varying'dis~
tances upstream, some spawning only a short distance from the sea, others
going upriver for many miles until ﬁhey reach the tributaries.of the larger
rivers, When a suitable 1ocati6n is found in the river bed the eggs and

Saperm are deposited and covered with gravel. The adults, their life over,
then drift downstream and shortly die. |

The fry begin to emefge from‘the spawning beds during March and
April of the following year and, in the smaller tributaries, immediately
begin a migration downsﬁream to "the larger rivers. This migration con-
tinues thfoughout the spring of that year (43).

The majority of the young coho sperd aBout one full &éar in the .
riﬁer system. Aifew migrate to the sea in their first and third years.
According to the scale studies of Pritchard (48, 49) these first and thirdﬁf

,yeaf coho make up less than two percent of the total migrants in any one
year. The peak of the downstream migration occurs between April and Juné
of the éoho's second-year. They are now betwéen,four and seven inches in
length, the.average being about five inches (20). Some few of them may
spend a period in estuarial waters, vacillating between the river and the
sea, but for the bulk of them the sea will be their home for almost two

years,
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Salt-water Phase
| ' tittle’éf nothing is known about the young 6oho during their first
year in the sea. They seem to disappear, and are not seen again'until
they become available-to the ocean troll fishery in the spring of the next
year., At this time they may be up to five hundred miles from the streams
that théy left the previous year. They have‘a;so grown considerably and
| usually weigh between two and four bounds. The cohot's second yéar in the
sea is better known, and a large number of tégging eﬁperiments have been
carried out on them during this period.

Pritchard and Tester (51) have studied their food habits in British
Columbia waters during the second year. They found tﬂe main items of the
coho diet during this time to be herring,‘sandlance, and other small fishes
chiefly; but also including certain members of the zooplankton, especially
euphausiids., The relative importance of the different species in the diet
varied from.yeér to year. It also varied in the different areas (22, 57)}

The growfh rate of the coho during their last year is a very rapid
one. Theif weight increases rapidly from about three or four pounds in
May to six or eight pounds, or more, by the end of September (17, 18, 38,
67). |

| In general, when the coho appear in the open ocean troll fishery
they seem to have reached the end of their seaward migration, and to have
© begun a movement toward the rivers. It is during this movement back to

the streams that they are particularly available to the fishery.

The QOcean Troll Fishery for Coho
| Thevfishery is mainly confined to the area over the continental
shelf, 4It is an intensive fishery in. British Columbia, and severidl

hundred boats engage in it every year. Most of the catch is taken between
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the months of May and September, with July and August generally being the
most productive. |

A survey-of the coho troil fishery of the Pacific states of the
United States, where the fishery is similar to that in British Columbia,
is given,by various authors, in bulletin number two of the Pacific Marine
Fisheries Commission (19, 31, 67). A detailed description of the boats
and gear-used in the troll fishery may be found in Wéstern Fisheries
magazine (2, 69).

" During the fishery, and usually.in conjunction with it, many coho
have been tagged or otherwise identified, and released into-the sea. Much
information about their movements in the sea during this last year, and
other data as well, has been obtained in this manner.

Data from Tagging Experiments

Tﬁé.eéfiy téggiﬁg‘oﬁéfations on coho, coﬁducted in 1925 and 1926
in Canadian waters, seemed to indicate a general southeasterly movement
of maturing fish from the feeding grounds to the coastal rivers. The
results of more recent experiments tend to modify this conception somewhat.

Milne (39), summarizing the tagging operations up to 1950, showed
that the coho tend to wander a good deal during this return period, and
also that they radiate in many directions from their feeding areas. In
British Columbia though the southeasterly movemenf is sbtill predominant,

All of the evidence to date, both from tagging and from the fish-
ery itself, indicates that while it is a spéwning migration it is a more
or less leisurely movement during which very active feeding occurs.

By the middle or late fall of each year, depending on the area,

most of the coho have left the truly oceanic areas for the inlets and
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rivers. = By the end of November the majority have entéred the rivers
where, whon a sultable location is found, they will deposit their spawn.
The adults die when spawning has been completed, but the cycle will be
repeated by their progency whichlemerge from the gravel the following
spring; N ‘ |

» Coastal Oceanography |

The biologicalvproductivity of an area is largely determined by
the curfents, both lateral and verticol, that are operative within it.
These currents are responsible, not only for water temperatures within
the area, but also for the amounts of basic nutrient materials that are
availgble~fof the support of biological organisms.”

The ocean currents off the coast of British Columpia may, for con-
voniencé, be divided into two categories. These are: the off-shore
currents, whose primary influenoe is exerted some distance from the coast,
and the in-shore currents which are operative between the coast and the
inside-edge of the off-shore water movements. The two systems are not
independent, and the configuration of the:inshofe system is, . to a large

extent, determined by the vagaries of the off-shore currents,

The Off-shore Currents.

| ‘Tno’snfféoe‘cnfrent of primary importarice in the North Pacific
ocean is that commonly known as the Japénése current, or the West Wind -
Dnift. It is a mixture of the warm waters of the Kuroshio current that -
flows in'a northeasterly direction along fhe coast of Japan, and of the
cold waters of the Oyashio current flowing south along:thé northeast
Japanese coast. The two meet and mix their waters:atiabout 35° N latitnde

off the coast of Japan. The mixed water then flows in an easterly
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direction across the North Pacific. The flow becomes less well defined as
it travels farther east, but is perpetuated and driven on by the prevailihg
westerly winds. ‘This flow, usually called the Japanese current, is more
correctly referred to as the Aleutian, or Subarctic current (59, pp. T12).

o Beforéntgégﬁleutian current reaches the west coast of North America
it diﬁidésjinto two main branches, one of which flows south to become the
California current, and one going north as the Alaskan current. According
to "The Oceans"‘(59, pﬁ. 724) this division takes place at about 35° N
latiﬁude. The drift bottle experiments of the International Fisheries Com-
mission, hoﬁever, indicate that the division may occur at least two degrees
farther north than this. Thompson and Van Cleve (64, pp. 50-57) show this,
and their results also show that there is probably considerable variation
fron yeaf to jéar, as well as within the same year,

The main flows qf the California and Alaskan currents, especially
- the California, do not usually extend to the immediate coastline. In the
..case of the Alaskan current it has been shown (64, pp. 59) that in its
‘northerly flow it is deflected towards the coast and reaches into the
passages of British Columbia and southeastern Alaska.
The configuration of these major cﬁrrents determine to a large extent

 £hé;configuration of the more local ones in any year.

The in-shore Currents

Over the area of the continental shelf, which has been called the
 "in-shore" area, there are both lateral and vertical currents, the vert-
ical currents being mostly operative in the summer., These are intimately

V;annected with the prevailing’winds, and with the offshore systems.
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Lateral In-shore System. In this more shallow water area, one hun-

dred fafﬁoms or less, whiéh has been taken as the limits of the continental
éhelf, there are numerous eddies from the shore side of the main currents
off-shore. These eddies are réinforced or dampened bj the shape of‘the‘;
coastline andvby local tidal influence; which is of great importance in
the mixing of water immediate to the -coast.

Besides these lateral water movements in the continental shelf area
there is also a vertical movemenﬁ of water upwards. The vertical movements

are of first importance in terms of the life that the area supports.

Vertical In-shore System. In summer, the net effect of the prevail-
ing windé’aloﬁg’the British Célumbia coastline is-to produce a movement of .
the warmer and lighter surface water off-shore. To replace this, water
comes up from the deeper layers. This coming to the surface of deeper‘
water is known as "upwelling", a well established phenomenon. A detailed
énalysis of theiupWelling process off California has been given by
Sverdrup (58).

Some indication of the amount of water that is coming to the sur-
face in an area may be»gained by an examination of the surface femperature
and salinity. However, McLeodv(37) in 1951 showed that the surface sal-
inities of certain areas in British Columbia also correlated well with
the riyér runoff during the summer season. This, of itself, does not
negate the existence of upwelling, since such’a correlation would be ex- .
pected due to the change in precipitation that is concomitant with a change
from predominantly southeasterlj windS'during'mosﬁ of thevyear to predom-
inantly northwesterly during the summer. Thus the same factor responsible

for upwelling is also responsible‘for the émount of runoff., Because of .



(10)
this it would be expected that upwelling, asvevidenced by surface, salinity,
would show some correlation with the amount of runoff.

The depth from which therising waters originate is not entireiy
agreed upon. Sverdrup (59, pp. 725), says thet it fises~from moderate
depths of probably not greater than two hundred meters off the California
coast., Igelsrud (éé), working on the distribution of phosphates off south-
ern Vancouver island, found that it may come from as deep as five hundred
meters, or more. Temperature and salinity data in the area gave the same
~results. It is prebable that this also varies in different years, depending
on the meeh velocity of.the summer winds,

The biological importance of these water movements lies in the fact
that deepewaters are rich in nutrient salts which are essential for phyto-
plankton growth. Because these plants, the phytoplankton, grow only in
the euphotic zone, it is.neeessary that the selts, which. they are using up,x
be constantly replenished to insure an abundant crop. The deep water
coming to the surface accomplishes.this rreplenishmeﬁt. Because bhyto-
plankton is at the base of the merine food chain, the fish production also
in such an area, is indirectly related to the amount of upwelling fhat
occurs, | |

In summary, it may be said thet the area over the continental shelf
of British Columbia is an area of diverse water movements, both lateral
and vertical, and that due to this the waters are well mixed and the nut-
rients brought to the zone where they can be utilized by phytoplankton.

To a large extent these thinge determine its biologiCal.potentiAI. It is
probable that within this area there exist local areas, the geographic'
and hydrographic features of which are such that they tend to be major

centers of food production for the fish populations.
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Local Features of the Kains Island Fishing Area

Tﬁe.iimit‘of tﬁeVcontinental'shelfA(fﬁé'lOOAfathom line) is close
to the coast in this area, usually being between_tenland fifteen miles off-
shore. The ‘-bottom configuration, as deduced from hydrographic charts, is
fairly even and contains no major prominences or submarine canyons. The
position of Brooks peninsulé, Jutting out into the sea about twelve miles
to the south, probably contributes to eddy formation in the general area,

The fishermen operating in the area suggest--and this was also the
writer'é experience-~that there is a general northwestward current-prox~
imate to the coast from the vicinityvof_the mouth of Quatsino Sound. This
probably represents a net.outflow of water from the Sound, which is de-
flected to the right parallel to the coast due to the influence .of the
earth!s rotation.

| There are numerous tiderips and eddies‘very close to the shore, aﬁd
these contribute to mixing of th; waters of the area.
MATERIALS

The records on which all of the calculatiqns herein are based were
obtaine& from two main sources. These were, the Fishermen's Cooperative
Association, and the Pacific Oceanograﬁhic Group. The firét naﬁed organ=-
ization supplied the fishing records, while the published and unpublished
records.of the second were the source of salinity and temperature data (46).

| ‘Fishing Records

The records that have been used, those for the years 1943 to 1951, |
were coﬁpiled in the originals on a basis of the daiiy landings. For each
fishing day during the coho seasons the'poundége of coho salmon was given,

and also the number of boats contributing to each day's landing, each of
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the boats being identifiéd by the owner's name. Total catch records were
available from the year 1936, but these.were nét used since these early
yearsrwere a period of expansion for the company concerned in that.area.
Within the last decade the number of boats;fishing the area has remained
reasonably constant.,

No adjustmenﬁs were made to the records for the years l9h3 to 191;9f
For the years 1950 ahd 1651 it was necessary to make some adjustments;
This was due to the introduction of a new factor in_the landings at the
Winter Harboﬁr camp, and stemmed from the opening of an ice-plant at that
place ih 1950. .

Up until 1950 all, or practically all, of the fish landed at Winter
Harbour had been fish taken in the Kains island fishing area. They were
also fish that had been caught on the same day as landed. With the intro-
duction of ice making operations at that place, it becémé_an important
landing place for the so-called "ice-boats', Thesg ﬁice-boats" are larger
salmon trollers, operated by a two man creﬁ, which fish the more distant
trolling grounds. These boats do not land their catch every day but about
every five to ten déxs instead. It was necessary then because: (I) they
were not landing fish caught in the Kains island area, and (II) they were
confusing the daily record by landing several days' catch at_oncé, to
eliminate their influence from the daily fecord. v

The records did not identify the icé-boats as such, but it was not
difficult to remove the greater part of their influence from the catch,
This was accomplished in two ways. The first was the writer's familiarity
with the fishing fleet (the boats were identified by the,ownér's name in

the record), which in many cases enabled him to exclude certain catches
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immediately. Secondly, and this was the important means, there is usually
a very wide discrepancy between the poundage landed at any one time by a
day-boat and that landed by an ice-boat. Day-boat landiﬁgs usually run
5etween one hundred pognds and twelve hundred pounds, It is rarely that
they exceed the highest figure. The ice-boats, however, may land in one
day (representing several days! fishing) betwéen two thousand and five
thousand pounds, or more. Excépt in a few instances then, it ﬁas easy to
distinguish between the landings of the two types of boats. |
Salinity and Temperature Records -

These WerevaVailable for the area concerned from the records of the
APacific'Oceanographic Group. Only one minor adjustment was made to these
records. It consisted of excluding from the mean salinity fof the month
of July, 1947, the reading given for the fourteeﬂth daye .It varied by‘
about 5 %o (parts per thousand) from the readings of the days immediately
preceding it and following it. It wis concluded that the reading was in-
fluenced by some.unknown factor since this was a greater variation than is
usually found over the course of g.year'in this area.

METHODS

The time periods that have Beeh used as a basis on which to compile
the records are calendar periods. The monthly and yearly figures that are
given are the average of the daily figures over these periods.

Treatment of Fishing Records

The troll fishing séason for coho salmon in the Kains island area
beg@ns in May. This period constitutes the fishing season or, as it is
sometimes called‘herein, a "fishing year",

From the original reéords the fisﬁing data were arranged on a

monthly basis in terms of: (1) the total poundage landed, and (2) the
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number of landings each month. Because the boats land their catch each
day, the number of landings each‘month,is equivalent to the number of
"boat-~days" fishéd each month. This lends itself reddily to a criterion
of effort bésed on the unit of a "boat-day". Thus, if twenty boats make
a landing of éoho in one day the total fishing.effdrf ex?ended that day
is equél to twenty boat-days.

Criterion of Relative Abundance

. Some index was‘hecesséfy whereby the catbh of coho from year to
year might be compared. The yardstick of "yield per unit of effort" was
selected to accomplish this., It is a measﬁre that has been widely used in
the past, and is probably the best such measure available, Ricker (53)
gives a méthematical discussion of this index in terms of its relatibnvto
relative abundance and the rate of exploitation.

Various workers héve used different uhits as their criterion of
fishing efforf; in evéry case the unit used is dependent on the type of
fishery, and on the manner in which it is prosecuted (8, 9, 10, 61, 63).

‘ The criterion of relative abundance used in this study hés been -

the average catch per boat per day each vear., Except for the daily time

unit, this is strictly comparable to the method used by Clark (8) in his

study of the California halibut (Paralichthyes californicus). This index

has been used here without any adjﬁstmenﬁs; This-méans that two main
assumptions have been made; they are: (1) that the total amount of geér
used in the fiéhery has remainedAconstant over the periQd of years coﬁ-
siderqd, and (2) that the efficiency of the gear has remained unchanged.
Some ideé of thg total amount of gear used in the fishing area

over. these years may be gained from an examination of the number of
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boat-days fished each year. (The émount of gear fished by any one boat

has been the same since several years earlier than the years studied.)

TABLE I

Year Boat-days Year Boat-days

1943 2,515 1948 1,908

1944 2,778 - 1949 2,179

1945 2,181 , 1950 - 2,102

1946 2,066 1951 2,282 .

1947 1,544

Table I shows that the amounts of gear used in each year, as
measured by tﬁe_number of boat~days fished, has Eeen fairly constant.
Such variations as do occur may probably be attributed to the influence
of weather conditions, since thié will 1imit or increase the number of days
that the boats are able to fish; ahd, tb the time of arrival in the differ-
ent years of the main body of fish, The year 1947 may be an exception to
this, the number of boat-days fished ﬁhat year being considerably less
than that for any other year, and it may be that fewer boats--that is, a
lesser amount of gear--fished the area during that year. In any case,
it is felt that the differences between the various years are not sufficient
: tolinvalidate the results obtained. It is worth noting that this same
year, 1947, is the yeér that will later be shown to exhibit fhe greatest
discrepancy in terms of correlation with yield of any of the years studied.

‘The second assumption made was that the efficiency of the gear
remained unchanged. This is a valid assumption for the years considered.
The actual fishing geér used by the troll fishermen has undergone no majdr

changes within these years. There has, in recent years, been the intro-
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duction of such electronic aids as echo-sounders, direction finders,
radio-telephone, etc. . However, a majority of the day-boats (day-boats
ére the boats that land their catch every day, as opposed to ice-boats
which may land only once a week or $0) fishing the Kains island area still
do not carry such aids; of those boats ﬁhat may have one or more of these
aids théy benefit mostly by the extra safety factor that these bring,
rather than b& increased catches. In the case of the ice-boats these
aids assume a greater importance but need not be considered here since

their landings have been excluded from the records used.

~ The Boat—@av, a Basic Unit of Effort

o The boat—day, for the purposes of this study, is.defined,as "the
amount of fishing effort expended by one boat fishing for one day or a |
part thereof." ‘It has been necessary to include the ideé of a part‘of

a day because.thére was no distinction made in the records betweeﬁ thﬁse
boats that fished a full day, and those that fished for'only partlof.a
day. We have assumed, in computing the relative abundance each year,
that such errors as this may introduce balance each other out from year

to year;

Average Catch‘per-Boat per Day each Year

. Tﬁié ié the’iﬁdex that has bééﬁ'used to compare the relative
abundanée of coho from year tb year., It was calculated by adding up the
total poundange éf coho landed each fiéhing year; and dividing the figure
obtained by the nunber of boat-days fished in the same period. Thus, if
200,000 pounds of coho were landed in year X, and it represented an ex-
penditure of fishing effort equal to 2,000 boat days, then the average

catch per boat per day for year X was 100 pounds.
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. Treatment of SalinifyAand Temperature Data

_ Averagéisalinity and temperature figures were éalculated_for
differenﬁ'periods in- the marine life histor& of the coho séimon; the i
figures used in the calculations are the means of the monthly meqhs .
within those periods. “ | |

Statiétical Treatment

" The statistical treatment of the data throughout has been of
a.simplelnature.iFour common statistics havé been. used to measure thei,
correlation,'or lack ofuéérrelatiOn, between~£hé Qéfiables of salinity
(or temperatﬁfe) and the yield to thé commerciél fishéry of coho

-salmon. |
The statistics used in the calculationé'are'outlined below:

(I) The Coeffipieﬁt'of.Co;relation,r. This statistic is used to meas-

ﬁfé fhe aégfge of-correlation between ﬁhe variabiés;'the formula used
| 'to compute tﬁe’value of r is that of Johnson_(29;pp;'5h), where:

| SN Xx=X)(Y-%) .
e i - 97

" In this equatidn X is the average salinity in parts per thousand ( % ),

and Y is the average yield per boat per day each year in pounds. X and'f
are the means of X and Y,

(2) Test of Significance, t and p. This a test applied to r by calcul=-

éting the value of t and using it in certain tables (the t tables). The

formula used to compute t was: |

n-2
t=r :
I -1
n, in this formula, is the number of pairs, while n - 2 is the number

of degrees of freedom,



The value of p was found frém ﬁhé tabies of_the distribution of t
(30, Pp- 360). It may be interpreted as followé: let uslsuppose'ﬁhat for
a certain value of r, the value of p is found to be 0.02. LI This is
interpreted as meaning that if the population'coefficient,'P, is gquél to
zero, that is to say if there is no correlétion-between the variables
sampled, we would expect to get an r value as large as ﬁhgt obtainea only

twice in a hundred times on the basis of random sampling ..." (29, pp. 63).

(3) Regression Coefficient, b.,. This statistic was calculated to enable

the path of the Regression Line between any twb sets of variates to be

plotted more.precisely. The formula used was:

o, B X=%) (Y-T)
NES S S(x-X)?

thus obtained was then substituted in the equation:

The value for b
alue orv o

N A
Y=Y +by (X=X )
A LA .
In the above equation X and Y are the regression values of X and Y.
These statistics were taken in varying degrees from‘either Arkin
and Colton (3), Jommson, L.P.V. (29), or Johnson, P. G. (30).
RESULTS -
" The relative abundance of coho salmon in the Kains island fishing
area, for each of the years studied, was calculated on the basis of yield.

per unit of effort. This index, .yield per unit of effort, is expressed

for each year from 1943 to 1951 in terms of the'average catch per boat
per day. The figures are given in Table II, along with the total catch
and the nuﬁber of boat days fished'iﬁieach year. These yield per unit
effort figures are the figures that are used in .2ll the calculatioﬁs with

which to-compare the average salinity or temperature during the differe nt
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periods in the life history of the.coho caught in any year.
TABLE IT

The Fishing Record, Compiled on a Yeariy'Basis '

Year Total catch No. of lbs. per
ibs. boat-days unit effort
1943 281,980 2,515 112
1944, 40k, 700 2,778 ’ 182
1945 345,490 2,081 158
1946 155,830 2,066 75
1947 225,400 1,54k Wb
1948 170,700 1,908 89
1949 263,260 2,179, 121
1950 216,130 2,102 - 103
1951 527,130 . 2,282 | 231

It hasfpeen shown by previous workers that the yield of certain
‘marine fishes, insofar as hydrographic fluctuations are concerned, is
determined by only a relatively small portion of their life history‘in
the sea (28,68). Consequently, for this study, the marine history of the
coho was divided into several periods. The average salinity, or temper-
ature, of each of these periods was calculated for each population of
third year coho, and the figures obtained compared stgtistically with
the yield per unit of effort for these years.

On this basis, the life history of the coho in the sea was divided
into the followihgg periods:

A. During its first year in the sea:

.(l) June to Septembér; this is the period of upwelling during its
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first year. If mortality in this year is dominant, due to
hydrographic factors, it shogld be operative.during this period,
Be During its second year in the sea; | .-

(2) April to September; this covers the period during which the

coho are available to the fishery.

(3) June to September; this is the period during which most up-

M ﬁelling occurs during the last year. It is also a period of
very rapid growth for the coho.

C, During both years in the sea.

(4) This is the average of one and two above, and covers the period
of upwelling during both years in the sea.

(5) April of the first year to September of the second yvear; this

eﬂghteen—month period covers, approximately, the entlre time
that the coho spends in the sea,
Average Salinity and Yield

The average sallnltles calculated for these perlods are given in

Table III. In this table the yield years, given in the left hand colum,
_ére thé.yearé that the coho were taken in the commercial fishery. The
numbers at the top of the columns refer to the numbersvgiven in the

preceding classification.
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TABLE III
Average Sglinities for Periods in the Marine Life

" of Coho Caught in any Year .

Tield i Period of Average Salinity
year June to April to |  June to June to | April to
Sept. Sept. Sept. Sept., Sept.
(1) (2) (3) W | )
1943 f.05 | K3 .01 sdos | adies
1944 32.01 32.08 32.28 32,14 31.31
1945 32.28 3L.58 32,05 32.16 | 31.08
1946 32,05 30.97 31.55 31.80 30.67
1947 3155 | 3L.25 31,63 31.59 30.70
1948 | 31.63 3L.07 | 3.3 347 | 30.66
1949 31.31 31,04 31.67 31.49 © 30,67
1950 31.67 3070 31.35 31.51 30.63
1951 31.35 31.99 | 32.37 131.86 30.65

From the data given inyTables IT and IIT, ﬁhe cOrrelation'petween‘
the average salinities of each‘period.énd thé<jield-per unit effort over
. the years studied was determined. This correlatioﬂ, or in many cases
lack of correlation, has been expressed in terms of ﬁhe correlation co-
efficient, r. That is to say, that the yield per unit of effort over the
period of years'from 1943 to 1951, has been separately compared with the
average salinity during each of these periods of the cohol's 1life in the sea,
Table IV gives the values of the correlation coefficients found to
exist between the average salinities for the different periods, and the

- yield per unit effort. It also gives the values of the statistics t and p
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which are used to show the relative statistical significance'of r, A

value of unity for r indicates a perfect correlation between the variables
examined. The value of p is the probability thét such a'vélue fér r as
‘§hown would qccuf solely due to chanée. |

TABLE IV

The Correlation between Average Salinities and Yield o

~+8alinity - Value | Value |  Value
period of of ! . of
r t _ p

(I) June - Sept. -
" (first year) ~0,22 0.60 0.2 = 0.3

(2) April - Sept. :
. .. (yield year) 40,86 5.18 0.0I - 0.00I

(3) June - Sept.
.. .. (yield year) +0.85 5.02 0.0I - 0.00I

(4) June - Sept.

(both years) . 40.53 I1.65 0.I10
(5) April - Sept. " | |
7" (18 months) 10,39 I.12 | 0.30

salinityuwas céiculated, there was no significant correlation with yield.
The periodé that do show a significant correlation are those that were
ﬁéalculated for some period within the yield year itself, - namely, (1)
Aﬁfil to September, and (iI) June to September. These two correlatiéhé
will be pfesented in soméldétéil. The lack of cofrelation between the
average salinity from June to Septémber of the first year in the sea;

and the yield of coho 6ne year later, will also receive further con-

"~ sideration
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The Correlation between'Yiéld and Average Salinity the Same Year,

The valuéé'6f'£hébéérrelation coeffiéient,r, 65£ained between yield and

fhe average salinities of the periods from April to Sgptember, and June

to September, were 0.85 and 0,85 respectifely, the periods being caicul—
ated within the yield”year. Statistically, these two correlations do

not significantly differ one from the other.

It is known, from the oceanography of the coast, that intense
upwelling is present each year during the months of June to Septeﬁber.
It is probable that sbme_upwellinngccurs in May, Thé influence of this
éolder water during May may account in some degree-for the similarity
between the correlations of the two periods. It is likely thét the infl-
uence of the upwelling from Junevto September-is sufficient’to influence
the figures_for_the April to.September period to the extént that the
average of the two periods is very similar, thus showing a similaf corr-
elafion with yield. Therefore only the corrélation shown to exist
between yield and avérage salinity from June to Septeﬁﬁer will be pre-
sented in detail, |

The correlation between the "summer" salinity ("summer" salinity}
is the June to September salinity).o% the yield year, and the yield that
year, are graphically shown in Fiéures 2 and 3.

In Figure 2, the data afe plotted as percentage deviations from
their reépeétive means., It is obvious from this graph that the trends of
the two variables parallél each other very closely. The greatest discrep=
ancy is for the year I947. It was earlier pointed out that in this
year the fishing intehsity-;as measured by the number of boat-days—-

was much lower than that for any other year. The effect of this lowered
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fishing intensity on the criterion of yield per unit effort may be part

of the causg‘of this discrepancy.

In Figure 3 the yield per unit effort data are plottea directly
against fhe"average‘"summer" salinities, this time in the form of a
scétter diagram. Thehline rﬁnning diagonally acrossAthe‘figure is the
line of regressioh. The proximity of the plotted points to this line
indicates the degree'of correlation between the variables measured.

The value of the correlation coefficient between the average
"summer"'salinity and the yield per unit effort the same year (r = 0.85)
is, staéistically, a very significant correlation., . ﬂ

Average Salinity First Year in the Sea, and Yield Following Year,

It was'méﬁiiﬁﬁed‘that eariier workers had foﬁnd good correiations to
éxist between salinities during the brood years and yield several years
later, for fish.other than salmon. In 1946, Walford (65), found that.
almost a perfect correlation existed bétwegn the avefagé‘summer salinity

during the brood year of the California sardine (Sardinops caerulea)and

the yield three yeafé late?. It was thought that“something comparabie
might be operative in the cohé population, and a éimilar comp;rison |
was made.

Although the coho salmon are not spawned in the sea, they are
very smail’during their firét year in the ocean., It might be expected
that during this year they would be morevsensitivé to environmentél
changes than in the following year. In Figﬁre L4, the average salinities
during this first year in the sea aré piotted against the yield the foll=
dwing year, as percentage deviations from the mean. The figure shows
that there is no obvi@us_correlation exhibited between the two variables. -
The vélue of the correlation coefficient,r, was calculated as being |

\ équal to =0.22. This value has no statistical significance.
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lack of correlation shown in Figure 4 may mean that'during this

 period of the coho's sea life, of which almost nothing is known, it fre-

quents an aréa that is not primarily_depéndent on upwelling for its supply

of nutrient salts. Such an area might be the "inside waters" of Vancouver

'.island. Another explanation, assuming that mortality during this year is

not dependent on the amount of'upwelling,ﬂmay be that variations in the

relativelj

tude to be

The

with yield
N EN
(2)

(3)

(4)
(5)

The

slow growth rate during this period are of inéufficient magni -
reflected in the poﬁﬁdage yield the following year,
Average Temperature and Yield
same time periods have been used to compare average temperature
as were used to compare salinity with yield. They are:
June to September of first year in the sea.
Apfil to Séptember of second year in the sea.
June to September of second year in the sea.
June to September during both years in the sea.
April of first year in sea to September of the second,
a period of eighteen months.

average temperatures for these periods in the life history of

the coho caught in any year are given in Table V. The yield year is the.

year that the coho were caught. The number at the iop of the columms

refer to the numbers of the periods as given above,
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TABLE V

Average Temperatufes for Periods in the Marine Life
. of Coho caught in any Year. '

Period of Average Temperature
Yield _ ) T A
year June to April to . June to June to | April to
oept. Sept. Sept. Sept. Sept.
(1) 1 (2) (3) (4) (5)

) .FO Fo Fo . Fo FO
1943 55.4 52.8 S5Le7 55.0 | 51.2
1944 57 52.9 5447 5hs7 51.4
1945 | . 5h.7 51.3 52.7 53.7 51.3
1946 S5L.7 52.7 54.8 53.7 50.1
1947 5L.8 53.2 ~ 55.2 55.0 50.5
1948 55.2 | 52,3 51,2 54.77 51.0
l9h9 54.2 52.3 v 5he3 5L.2 - 50,1
1950 5.3 516 54,1 54,2 50.1
1951 5L.1 52.1 53.7 53.9 50.4

From the average temperature figures of Table V, and the.yield
per unit effort figures given in Table I1II, the aegree of correlation
between the temperatures of the different periods and the yieid per unit
of effort was calculated. The values for the correlation coefficient, r,

that were found are presented in Table VI,
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TABLE VI

The Correlation‘betweeﬁ Average Temperatures and Yield

Temperature Value ! Value Value
period ‘ of . of of
1 iy t jo)

. - i
(1) June to Sept. |
~ (first year) +0,13 XX XX

(2) April-Sept. _
. (yield year) -0,07 x=x oxx

(2) June - Sept;
. (yield year) -0.33 0.924" 0.3 = 0oy

(4) June-Sept. S
. (both years) =0,09 plod xx

(5) April to Sept. : ,
(18 months) -0.13 xx plo'd

xx Values not calculaﬁed.

The values of the statistics given in Table VI show that there is
no obviéus correlation existing between the.temperatﬁré of the variqus
periods and the yield in pounds over the'&ears studied..‘The highest
v&lue found for the correlation coefficient, r, was equal to -6.33.

This value has no statistical significance.
DISCUSSION

The marine life of thé coho.salmon includés‘thefperibd from abouf
May of its second year té the fall of the following year,.a period of
approximately eighteen months, During this time it is subject to the .
influence of prevailing environmental conditions, the state of which at
any time is determined by the current systems, both lateral and vertical,

that are operative within the area.
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A major factor that influences coho during their sea life is the
availability of food.» In this regard, the population of any marine animal
is ultimately dependent on the annual crop of phytoplankton; the phyto-
plankton in turn are dependent on several other factors,‘one of the most
“important onee being the amount of nutrient salts afailable. These salts
the phytoplankters must have for gfowth and reproduction, so that in the
long run the salmon, and other fish, are also dependent on the amounts of
‘nutrient salts,

Between the twp variables of nutrient salts and fish populations,
there is a long series of relations_and interrelations, all of which to-
gether constitute the "chain of life" in the sea. The component links of
this chain are: nutrient salts, phyfoplankﬁon, zooplankton, and nekton
(which includes all of the free swimming animals). The relationships
existing between these have beenidetermined, in ﬁheir essentials, by num-
erous workers in many countries,

Nutrient Salts and thtoplankton

The dependency of the phytoplankton population on the nutrlent salts.
(phosphates, nitrates, etc.) available hes_been well establlshed by many
investigators (il, 16, 21, 52, 54, 55). Their relationship is such that
in areas where the waters of the euphotic zone (the lighted zone) con-
stantly have their supply of nutrient salts replenished, due to lateral
or vertical turbulence, the phytoplankton crop is very dense. Conversely,
where the salts removed by the phytoplankton are not being repleniehed, as
in areas of converging currents, the phytoplankton population is sparse.

The relationship has also been shovm experimeptal}y. Raymont (52)

showed ﬁhat when nitrate and phosphate salts were added to the waters of
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certain Scottish sea lochs the denéity of the phytoplankton was greatly
increased. The same experiment also showed that such.fertilized areas
were_ablé to.support a higher zooplankton population.

Other factors besides thé concentrations of nutrient salts affect
the phytoplankton, a particularly important one beiné the amount of light
available for photosynthesis. Johnson in "The QOceans" has summed it up-
thus ",.. many factors are still unknown‘bﬁf it is clear that with suf-
ficieht sunlight the combination of nutrient cycles and the vertiCal

circulation of the water are dominant causes..." (59, pp. 784). ;

Phytoplankton and'Zooplankion

o Phytoplankfdn constifutes the food supply of the members of the
zoéplankton, whicﬁ feed on them by filtering them from the water. The
relationship between the two is, however, less obvious than that shown
to exist between phytoplankton and nutrient salts,

Riley and Bumpus (56) have shoﬁn that between the phytoplanktonw--
zooplankton populations of George'!s Bank an inverse correlation exdistis,
This is attributed to the grazing.effect of the zooplankters on the
phytoplankton, such that in aﬁ area where the zooplénktersvare dense
they rapidly reduce the phytoélankton by their feeding activity.

- Zooplankton and Nekton

»vMéﬁj marine‘aﬁimals feed directly on zooplankton. Prominent émong
these are the Baleen whales (Mystacoceti), and certain fishes of major
commercial importance, including some members of the mackerel family (Scom-
bridae), and the herring family (Clupeidae).

The distribution of Baleen whales has been correlated with the

distribution of the zooplankton on which they exist (59,'pp. 904-907) 4
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especially in certain parts of the éntarctic. The abundance of mackerels
has also been correlated with the abundance of iooplankters. Bullen (4)
showed that the abundance of mackerel in the English fishery paralleled

the greater or less abundance of zooplankton during the same period.,

Fish Populations and Hydrggraphic Factors
o Maﬁy'ﬁﬁfkéfé héve analyséd the oceanographic environment, when
studying fish populatioﬁs, in terms of temperature and salinity (hydro=-
graphic factors), rather than in terms of the abundance of the forms
themselves that constitute the food supply. Suchvfactors as salinity and

temperature are easier to measure, quantitatively, than is the abundance
of phytoplankton or zooplankton.

| In 1927, Johansen (28) showed that there was a significant correl- -
ation between»thé fluctuatioﬁs in the quantities of plaice fry and the’
surface salinities for January and February of the same years. The correl-
ation he calculated tovbe eéual to 0.57, and the mean error (or) to be.

0.15. He concluded from this that the correlation exhibited "...must be
regarded as an established fact..." He found a somewhat lower correlation
(r = 0.31) between surface temperature and plaice fry, but said that
"..oit seems to be a reality..." He then interpreted these correlations
in perms.of the availability of plankton organisms to the young plaice,
as governed by the water movements into and out of the area.

Ca®ruthers and Hodgson (6) showed, in 1937, that the percentage

of a certain year class of herring in the Bast Anglian autumn fishery
closely paralleled the atmospheric preséure'gradients controlling the
winds of the area during the spaﬁning years; the winds being a major

controlling factor in the surface water movements. It has also been
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shown (32) that the decline in the Plymouth herring fishery was coincident
with a similar decline in the phosphate content of the waters of the area
concerned,
In 1946, Walford (68), showed that there was almost a perfect
correlation (r = 9;96) betwéen the average summer‘salinities during the

‘brood years of the California sardine (Sardinops caerulea) and the yield

of fourth year fish for the year classes of 1934 to 1941 inclusive., He
céncluded from his correlation that "... the salinity reflects the iﬁ-
tensity of upwelling which brings up material néurishing the plankton;
and it is suggested that the summer, when the aforesaid relationship is
best demonstrable, is the most critical period in the life of the young
ssardine, when an abundaht supply of food is most essential.”

An unsuccessful attempt to correlate the deviations from the catch
trend of coho salmon in the Siletz river in Qregon with the surface sal-
inities at Cape St. James, British Columbia, was feported in 1950 by
McKernan, et al (36). Perhaps the fact that the two areas are some six
hundred milés apgrt may be an important factor in determining the lack‘of
correlation that these workers found. Their assumption that changes in
surface salinity in the Cape St. James area reflect similar changes off
the coast of Oregon is-of doubtful validity.

The correlations that have been shown by these workers to exist
betweenAadult fish or, in the case of Johansen the numbers of fry, and
various hydrographic factors have, in each case been interpreted in terms
of larval mortality. Thus, Johansen (28)‘relates the numbers of young
plaice fry in any year to.the salinity and temperature during Jamuary and

February of the same year; Carruthers and Hodgson (6) relate abundance of
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herring to factors influencing“su;face water movements duriﬁg their
spawning years; and, Walford (68), correlates the abundance of sardines
with the salinity during their brood years. In the final analysis they
have all attributed the correlations shown to greater or less larval
moftalitz in the brood years, due to the paucity or abundance of'fééd,
as finaiiy evidenced by temperature and salinity,
| Salinity Correlation
In the results presented it was shown for the Kains island
fishing area that, (I) there was a very high correlation between the
"summer" salinity and the yield in pounds.the same year; and. (II)
%hat nokobvious correlation existed betweeﬁ the "summer! salinity“dur-
ing the coho's first year in the sea and the yieid the following yearg
(IIIQ no sigﬁificant correlation was shown between the average surface
%éhbgratures of any period and yield. |
The correlation shown to exist between average "summer" salinity
and the yleld the same year is of such magnitude that 1t must be accepted
as being a reallty, and not attributable to a chance gzlnonsense correlate
ion. This correlation must be due to the variations in saligity being
refleéted in some manner on the coho population. Generally épeaking, this
influence of salinity on the population of fish may be either direct or-

indirect.

Direct Influence of Salinity

h | -Difééﬁij;.ééiinlty may influence the salmon either through phy-
sical changes in the enviromment, or, by the physiologieval effects on
the fish itéelf.

The physical changes in the environment that are concomitanbﬂé%@

a changekin salinity are primarily either a change in specific gravity,
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in osmotic pressure, or in viscoéity. Because the salmon is a completely
tolerant form, spending part of its life in fresh watef, and part in salt
water, it is difficult to imagine that--due to the comparatively narrow
range of the salinities of the years studiedj-any of these facférs are
of more than minor importance in determining the size of the fish popul-
ation, or of the size of the animals making up that population. Were the
salmon spawned in the sea, and the correlation found to exist between the
salinity of the brood years and the yield at some later date, the factor
of specific gravity might assume considerable importance; however, at the
beginhing of their second year the coho are relatively large fish and not,
as in thé case of eggs or larvae, dependent to some degree on the relation
_between their specific gravity and that of their environment.

For the same reasons it is not probable that the physiological
effects of the changes in average salinity observed are of sufficient
magnitude to‘be_éf more than minor importance.

It is concluded, therefore, that the correlation shown is not

explainable in terms of these direct influences.

Indirect Influence of Salinity
N The average summerAéalinities that have been used are, as shown, -
a criterion of the amount of upwelling that has occurred in the area over
the year considered, the upwelling in turn being an index of the amouhnt
of nutrient salts available forvthé production of plankton and, through
the food chgin, the amounit of food available for salmon production. Thus,
in a year when salinity is low there is less food available to the salmon,
Indirectly, the greater or less abundance of food may affect the
coho during thiskperiod in one or both of two ways, namely through their

mortality rate, or through the individual growth rates,
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Mortality during Second Year in the Sea. Insofar as natural

mortality in the sea is concerned, due to fluctuafions in fdodAsupply,

_ fheir first year in‘the sea must be the most critical one. During their
second year, ﬁhen théy are larger, théy should be less subject to such
changes in their immediate environment as variations in food supply.
They are also larger and stronger fish and consequently better able to
range afield suffiéiently to avoid outright starvation, éXcept in very
extreme cases. It is difficult, therefore, to postulate that natural-
mortality during“the second year in the sea, due to fluctuating food

supply, is sufficient to account for the correlation shown.

Growth Rate during Second Year in the Sea. The coho salmon has

a very rapid growfh‘rate during its second yearvin the sea. Fraser (17
says "... there is a greater variation in the growth of coho in the third
year in proportion to the size of the fish at the beginning of the year
than is the case in any other species in any year." (Third year coho are
coho in their second year in the sea.) |

Milne (38)ihas shown that during the beriod from May to September
in 1950 the average weight of coho landed at Ucluelet, B. C., increased
from three and one—hélf pounds iﬁ‘May to about eight pounds in September.
He also shows that at Nanaimo, B. C., thé increase was from about two
and one-half pounds to almost six pounds during the same period. A sim-

ilarly rapid increase in weight was shown by Van Hyning (67) for troll

coho landed in Oregon. In this area there was an increase from about
four and one-half pounds in May to abdut nine pounds in November.

The actual rate of growth during this second year varies in dif-

ferent year classes. Milne (38) shows that the average size of coho
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landed at Nanaimolih May 1950 was considerably less than that in the -
corresponding month in 1928, indicgting that in 1950 the growth rate
was slower. Van Hyning (57) shows that the growth rates of coho in their
second year in the sea in Oregon was different in each of the years of
l9h6, 1947, 1948 and 1949. It is probable that the major factor controlllng
the rate of groﬁth of these fish in any year is'the availability of food,
the rate being faster when there-is an abundance ofvfood aqd slower when
it is scarce. It must be emphasized at @hié point that the indéx‘of
relgtive abundahce has been éompiled in terms of the number of ﬁounds
of coho 1anded,/$ince no figures were available on the ﬁumpers of fish
" landed in’ these years.i

Of the factors considered to account for the correlation shown to
exist bgtﬁeen'average sumer éalinity and the yield per unit effort the
same year, only the last named, growth rate, is of sufficient importance
to be dominant. The effect of the rate of growth, which it is suggested
is more rapid in years when food is abundant (highlsalinity), and slower
when there is a scarcity of food (low salinity), would be to cause the
weights of the individual coho to be greater in years of high salinity
and less in years of low salinity. . The yield per unit of effort, in
terms of pounds of coho landed, would also fluctuate in the same manner.

' Vériations in growth rate, however, are not sufficient to account
completely for the wide range of yield per unit effort values between the
lowest figure and the highest one; To illustrate this, let us assume
that the figures in the two extreme years were the actual weights of coho
caught. They were a minimum figure of 75 péunds in 1947, and a maximum
of 230 poﬁnds in 1951, and let us simplify ﬁhem to 100 pounds in 1947 and

250 pounds in 1951, If growth rate alone will account for these variatiéns,
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we assume that a total of twenty fish were caught in 1947, then the
average wéight of coho in that year was 5 pounds. -If the variation
betvieen that year and l951 is completely explainable in ﬁerms of growth
rateé then the averageIWeight of the fish caught in 1951 must be 12.5
pounds. It has not been shown that such a wide variation in average
weights;frombyear to year exists in the area under study. It is known
that there is a wide variation from year to year, but probably not as
wide as the above figures would suggest. It is probable then that some
other factor ié operafingvconcurrently with the speeded up growth rate
in the years of high yield. The only factor that this could be is an
increase in the numbers of fish landed in these years.

An examination-éf the troll fishing areas off the West coast of
Vancouver island shows that the great majority of the coho landed come
from a few relatively small areas. Kains island fishing area, where
approximately ninety square miles are intensively fished, is one of
these; another is the "Steamer Grounds", which is a larger area off
the Scott island group; Between these two areas is a diétance of about
fifty sea miles where, except for one small area, Sea Otter Cover,‘
little or no fishing for coho is carried out. - These "fishing areas"
are areas that consistently give good yields of salmon, while the re-
mainder of ﬁhe area over the continental shelf does not. There must be
some difference betwsen the localized fishing areas and the general area
off the coast that cause the salmon to be available in greater numbers
there. This factor is probably the greater availability of food in
these areas. |

Due to changes in oceanographic conditionsbthe food supply in these
areas varies from year to year. It is probable also that the amount of
food available varies between different areas in the same year, due to

local factors, and to variations in the offshore current systems as they
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affect the fishing areas.

It is suggested that two major factors determine the positive
correlation shown to exist between average "sumer" salinity and the
poundage yield per unit effort the same year, they are:

(I) Changes in growth rate, due to a greater or less abundance of food,
Thié causes the average weight of the coho to vary up or down in different
years in the same manner as the averége salinity, and this is reflected
in the number of pounds of fish landed.

(II) Variations in the number of fish landed in the area in different
years, due to the length of time that the fish remain in the area, and
thus the period during wﬁich they are available to the fishery. It is
suggested that when food is abundant the coho stay in the area for a
longer time and thus are available to the fishery for a greater period.,

It is postulated then, that in a yeaf when there is a great
abundance of food in an area, not only are the fish landed there of a
greater average weight, but also more of them are landed; and, that
the variations in these two factors in different years accounts for the
:éofrelation that has been shown .to exist between yield and average
salinity.

Temperature Noﬁ—correlation

No correlation of statistical significance'was shown to exist
between average temperature during any period in the coho's marine life
and the yield of third year coho to the troll fishery. Iﬁ is thought
such influence as temperature might be expected £6 show would pe primarily
an indirect one, and functional only insofar as it is a criterion of the

amount of upwelling that occurs.
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Surface salinity is a gboa criterion of the inteﬁsity of upwelling
in different years because it is not readily susceptible to change due to
atmospheric conditions above the sea surfabe.-Surface tempereture, however,
readily changes with changes with changes in atmospheric¢ temperature, con-
sequently it is not a go§d measure of the amount of tpwelling that occurs.
It_is suggested that it is becaﬁse of this that surface temperature does
not show as significant a negative correlation with yield as salinity does
a positive one (negative becausg high temperature should indicate less up=
welling, and Vice versa). .

SUMMARY _

I. The relative abundance of coho salmon in the Kains island fish-
ing area.dufing the years I943 to 1951 was éalculated on the basis of the
average catch per boat periday eacﬁ.yéar.

2, The reéult;hg figures were compared with average surface salinity,
or average éurface temperature, for different periods during the life
history of the coho taken in any yeaf.

3. No correlation was shown to exist between average surface
temperature and yield per unit effort. No correlation was shown between
yield and ﬁhe average éalinity of the preceding year. |

Le A very high correlation (r=0.85, p=0.00I = 0,0I) was shown

-to exist between the average "summeé“ salinity (avérage séiinity from
Juné to September) and the yield that same year, in pounds.
. 5. This carrelation is explained as being du;‘to the fact that
surface salinity may be used as a measure of the abundance of food in
the different years.

6. It was suggested that the abundance of food in the fishing area
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influenced the coho during their last year in the sea by, (I) controlling
the growth rate, and thus the average size of the fish caught, and
(I1), restricting or lengthening the period during which the coho in a
fiéhing area are available to the fishery.

7. It was postulated that in a year such as 1951, which gave the
highest catcﬁ on record for the Kains island area, that not only were the
fish caught of a greater average weight, but aléo they were available to
the fishery for a longer period of time, consequently more of them were
also taken,
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