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FOREWORD

For the past thres years the Pacific
Biological Station has submitted reports to
the Department of Fisherics on observations
and recommendations for the administration of
two trewl fisherics opened on an experimental
basis in the strait of Georgia. This manu-
script report is based on the report submitted

for the winter season of 1949-50.

K.S. Kotohen



A Report on the Trewl Fishery at Cape Iazo and Nanoose Bay

during the Winter Nonths of 1949-50.

by
K.S. Ketohen

ZIntroduction

In the summer of 1947 almost all of the productive trawling
grounds in the stralt of Georgle were closed to trawlers in order to
safe-guard the interests of the line fishsry for lingeod. Such closures,
although presumably of berefit to the lingcod fishermen, resulted in a
severe shortsge in the suprly of other species of frash fish to the Van-
couver market during the following winter.

In response to a request from the industry to alleviate this
eituation, the Fisheries Research Board rscommended to the Departmsn
of Fisheriss that two zrounds in the strait, namely, cape Lazo and

Nanoose bay, be oponed on an cxpsrin:ntal basis to detormine whethsr
or not effsetive utilization could bs made of the sols, gray cod, and
dogfish stocks without undue destruction of lingood. Permission was
granted to fish both these arcas botween F.bruary 20 and March 20, 1948.
By the end of this poriod approximetely 130,000 pounds of solss and gray
cod and 3,215 p

inds of dogfish liver had been landed at Vancouver. The

lending of lingcod wae by comparison insignificant, being only 1,350

pounds. Observations on the fishing grounds by officers of the depart-

ment and field workers of the Pacific Biological Station revealed scme

destruction of undersized lingcod but this also was insignificant in
relation to the total catch.

Beoauss of the unavoidably late opening of the fishery, the lomon

soles landed from the cape Lazo arsa wers far advenced in spawning and

consequsntly not in good condition for filloting. In view of this &
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request was made by the industry to the Fisherics departrsnt for an
earler opening of the tape Iazo ground during the following vinter.
Permission wae sranted to fish from December 1, 1948 to January 15,

1949. The date for the Nanoose bay fish.rv was advanced to the same

period.
Although the eerly reopening of the cape lazo &rea proved very
benoficiel from ths standpoint of tho quality of fish produced, there
wes an almost totel failure of tho gray col fishery at Nanoose bay.
In thet area the catck was only 1,900 pounds as compared with 42,450
pounds the yoar befors.
The total landings of gray cod and solss fram the two arces showed
2 substantial drop (130,000 pounds to 60,000 pounds) partially bocause
of the failure at Nenooso bay and partially beceuss of the 30,000 pound

drop in the catch of sol:s at cape Iazo. The landing of dogfish liver,

however, was 2,500 pounds greater than that in tho provious year. A4s
the open period occurred ¢ntircly within the general closed season for
lingcod, thire wes no commereial landing of that spceies. Field .xpori-
ments from the "Investigator No. I" and obscrvations of the catches on
the grounds showed that very fow lingeod wore being caught by the
trawl:ors.

Following the 1948-49 scason it wes recommendsd thet the cape Lazo
fishory be opened for the same poriod in the following ssason, namely

Decsmber 1, 1949 to January 15, 1950. Eowsver, it was also recommended
that the datos for the Nanoose bay fish.ry be advanced to the same ones
set in the original exporim.at, Februery 20 to March 20. Permission to
fish these areas durinz the psriods mentionsd was eubssquen tly granted
by Order in Council P.C. 5870.
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The fishery during the wintsr of 1949-50
. The Cape Iazo fishery
The catchos throughout elmost the entire open period (December

1 - Jenuary 15) were very poor in comparison with those in the 1948-49
To some extent this ray have bien dus to the ad-

scason (figure 1).
y cold weathur weich greatly hampsred ths efficient operation

thire are indicetions thet occanosrenhic con=
at from thoes in the

ver:

of the boets. However,

ditions in the v ntor of 1949-50 werc much diffs
have had & more profound offsct on production.

previoue yuer, which mar

Tvidence to support this bolief is proscnted in Appendix 1.
Throughout all but the lact day of the fishary in'the 1949-50
season the total catch p.r dey mower cxceeded 2,000 pounds. On
Fol-

Jenuary 15 over 5,000 pounds of solos were caught by two boate.
het date roprosontatione werc made to

fishery, in view of

lowing ths official closurs

the Piehorics Departm.ut for cn exteénsion of

the poor catches ond the bellef that thc mafor spawning run had been

An order in council was issued shor tly tharcafter which grantod
of January. Fishing rc-

miss:d.
an oxtonsion of tho fichery to the lest dar
commenosd on Januery 20.
The day to day totals for the various spcoics ceught botween
Docembor 1 and Januery 31 are givon in table I. It is worthy of note
that 70% of the lomon solec, 50% of the dogfish, and 307% of the gray
cod were taken during th. ten day extension peoriod. The figuree which
ere givon wero based on estimsted daily boat landings prepared by the
skippers of thc weesels in epicial log books distributed by the Pacific
Insome instencee 1t hes boon ncosesury to adjust

Biological Station.
these cstimates to conform with the @ctuel weiphod-in valuss obtained

by the contaot man in Vencouver.




FIGURE 1. A comparison of the total catch and availability
o Cape Lazo during the winter
1949~
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the cape lazo area

Pounds of Fish

Date Iomon Hock  Gray Dogfish
L5 Soks gotn
Dec.
1 2 12.5 745 600 250 60 1,000
2 2 21.0 1,580 900 380 110 100
3 3 9. 915 1,000 305 5 500
2 2 13. 20 1,000 210 12 500
5 2 2, - - 40 1,515 -
b 2 10. 840 800 200 29 o
a7 It 12 750 500 300 240 -
8 4 17 1,310 700 195 655 -
9 4 23. 1,205 - 240 630 -
10 1 1. - - 125 - 20
12 1 9. 200 200 200 - 100
1 L 3.0 - - - 45
1 ¥ 6.0 1,000 - 200 - -
19 1 8.0 1,000 - 240 - -
Jen.
1 1 4. 75 = - 210 -
1 [% 600 - 500 10 -
9 1, 4. 260 - - 50 -
1 1 6. 225 - 595 =)
14 2 7 70 - 190 365 -
15 2 13. 4,200 - 5 - 2
20 1 4. goo - - 630
21 5 36, 14,800 120 -
22 g 63. 8,350 580 440
23 6 23. 2,400 760 140
25 7 1i. 1,600 90 &
26 7 34 5,850 - 255 3,440 L
2 i) 26.5 3,295 00 450 32 -
2! 2 16.5 1,650 ~ Eo 20 -
29 2 6.0 300 200 - -
30 3 10.0 185 = 50 200 -
Total 88 439.1 54,165 5,800 7,330 10,615 2,265




A detailed account of lemon sole availebility as determined from
catoh-cffort data is given in Appendix 2. A comparison of availability
1is mado with cstimatcs of population sizo in Appendix 3, and the results
of migration studics are given in Appsndix 4.

The landing of lemon sole (54,165 lbs.) was £,000 pounds over the
catch for the 1948-49 season, but if comparable periods &re considered
(i.e. with the oxelusionof the extension period) the landing was 30,000
pounds less than that for the 1948-49 eceason. The catchee in both years
were, however, considerably beneath the 1947-48 total of 76,000 poumds.
The gray cod catch of 7,265 pounds wae below the 10,505 pound catoh of
1948-49 and 10,260 pound catoh of 1947-48. In contrast, the emount of
dogfish liver landed (10,515 1bs.) showed a marked increase over the
1,880 pounds in 1948-49 and the 1,505 pounds in 1947-48.

s the open period ocourred cntircly within the closed season for
lingood there wes nons of tha‘ specics landed. Through observation of
the ocatohes during the extension piriod, 1t was conoluded that between
one and two dozen undersized fish wers causht in every drag, while coms
mercial-sized fish ocourred at a frequency of less than one fish per
dreg. .

As o result of the paucity of fish on the regularly trawled parts
of the cape Lazo grounds (35-48 f.) during the carly part of the fishery,
soverel of ths boats moved up into the shallower water (8-20 £.) along
the periphery of the grounds. The bottom in this rogion is camposed of
hard sand, kelp, and rock, and is inhabited by such fish as the rock
sole and one or two specics of rockfish (Cgbastodes ceurinus and meliger).
Th appearanco of these species in tho catches during the oarly part of
the scason is accounted for by the skift in effort to shallowsr water.

In addition to the totals given in the tabls there should also be

included 820 pounds of perch (Damaliochthys vacca), 280 pounds of skate
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wings and 140 pounds of octopus. Also not included in the table were
the catches and effort expended in a spall area lying just outside the

experimental area which is open all year round. During the Cape Iazo

open period a few boats entered tiie sroa a.d cevght 6,850 pounds of

rock sole, 300 pounds of lemon sole, 550 pounds of gray cod, and 2,440

pounds of dogfish liver.

The condition of tke fish landed
As mentionsd previously the industry was dissatisfied with the late
opening date of the 1948 fishery Lecause the lemon soles vere in an ad-

vanced stage of spawning and consequently verr thin. Reports at that

time from Nr. Wilson (the Vanccuver contact man for the Biological Sta-

1 companies were recowering only

tion) stated that most of
287, of the total weight in fisk fillats. Thus it rav be supposed that
the 76,500 ponde of soles landed in that year producsd only about
During the 1949-50 seacon it was reported

If tie figure

21,400 pounds of fillets.
that one of ths companics vms recovsring 36% in fillste.
is representative of all companics ard all catches it would appear that

the 54,200 pound landing produced abvout 19,500 pounds of fill:ts, or

only about 2,000 pounds loss than thet rocowred iror the vary much

larger catch carly in 1946, This might scrve to illustrate the unde-

sirable effect of delaying the opening of a fishery which dspends on a

Tun of fisk which are about to spawn. If the fisherv is opencd at a
L on the rronzde and consequently more

later date there mey be more
11oh captured, but, as a result of deteriorstion fron spswiing, there
is not a proportionate increese in urabls fish flesh.
Inthe 1949-50 fishery only 28% of the fish caught vere females.
This is in contrast to 41% in 1948 and 387 in 1948-49. Ths females
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were & littls larger than in previous years but ths mal:s showed 1o
appreciable change. A study of age composition shows that the domi-
nating ago group in malss was V, wiils that for females was V and IV.
This may be compared with VI (malss) and VII (females) in 1948, and V
(males) and V (females) in 1948-49. A morec comprechensive analyeis of
length, age, and sex composition changes is given in appendices 5 and
6.

II. The Nanoosc bay fishery

Tho Nanoose bay fish.rr of 1950 was opened for the psriod between

February 20 and March 20 instead of December 1 to Jenuary 15 as in the
previous year. This change was instituted in order that the fishermen
night be given the opportunity to exploit the gray cod stock which or=
dinarily does not become available until the late winter months. The
Decenber-January ovening of the 1948-49 fishery resulted in an almost
complete failure of the gray cod fishery at which time only 1,900 pounds
were landed at Vancouver.

The day to day landings from the 1950 fishsTy as obtained from the
special log record forms are given in table IT and an illustration of
the gray cod catch and availability appsars in figure 2. Despite the
small size of the Nanoose bay grounds and the heavy concentration of
boats, the catohes of gray cod remained remarkably good throughout al-
most the entire period. By the end of the alloted time almost 146,000
pounds had beon landed at Vancouwr. These fish, described as being
of good size and condition, found & ready merkst and a satisfactory
price.

48 shown in figure 2 the total yicld dropped off slowly through-

out the period, but the boat catch-per-hour remained fairly constant
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at 200 pounds after the first few days. The significance of the high
catoh-pr-hour at th: beginning and towards the end of the fishery is
discussod in Appendix 7.

TBIE II

The daily catch of fish by trawlers operating in the Nanooge baj
e Fotmen Februery 20 i WAreh B0, TR0z ot

Pounds of Fish
Date  Number  Hours o o 500~ DoEITsh Ko
of Boats Fishod Gt Gols
Fob.
20 6 35.0 8,000 800 - 48 1,020
2 3 14. 6,200 250 - - 1,000
2. 2 25., 15,500 5 - 300
2 H 26. 11,700 210 - 8 220
2 32. 7,150 310 - 8 525
2 6 a4, 9,250 240 - 1,000 485
2! 5 28.. 6,350 225 & 3 360
Mar.
: 1 4 26.5 5,700 175 125 - 350 |
5 3 5,420 200 15 - 00
2 42, 10,330 260 155 - 35
45, €,930 205 200 - 325
3 26, 5,900 40 6 - 100
2 1. 2,950 - - - 550
3 16. 4,000 ® 90 - 500
2 16. 5,500 0 15 - 320
2 14. 1,750 50 3 i 10
1 4 18.! 2,400 155 25 = 90
! 3 17. 2,800 105 160 - 220
1 3 9. 1,270 245 20 - 120
L 3 5. 1,300 10 10 - -
al 2 12. B3 - - - -
bt 3 17. 16,000 0 30 - -
Total 83 509 145,900 3,895 955 1,072 1,290

The 509 hours of fishing amd the resultant 146,000 pounds of
gray cod may be compared with the catch made two ysars proviously during
the seme period, at which time 223 hours of fishing produced 42,450

pounds. In other words the average hourly catch in 1948 was 190 pounds



i

while thet in 1950 was 285 pounds.

The gensral closed seeson for lingeod ends on February 28, which
accounts for the sudden appearance of that species in ths catches
starting March 1. The catch of lingeod in relation to the total catch
was quite insignificant.

The rockfish catch was alrost entirely of the species Sebastodes

flevidus, the yellow-tailed rockfish, or black bass as it is called by

the fistermen. The sole catch, although composed mostly of lsmon sole

also includes quantities of rock sole, brill, and flounder.

The size and age of gray cod
A sample from the commercisl catch contained 81 fish which ranged

in size from 48 to 76 centimetres. Approximately 68% of these were
three-year-olds with an average size of 56.7 centimetres. About 28%
were four-year-olds with an average size of 63.8 centimetres. The re-
maining 3% were two and five-year-olds.

Aocording to Miss Peterson, who has conducted the analyses, the
very rapid growth rate is considerably higher than that found in fast
growing (inshare) populations of cod on the Atlantic coast.

A more complete presentation of the age and length analysis is

glven in Appendix 8.

III. Recommendation
In setting up periods for fishing in restricted areas such as cape

lazo and Nancose bsy, the following questions have to be considered:

(1) Is the period early enough to essure the capture of fish while they

ere still in a good condition for market? (2) Is the period late enough

8o that the main run of fish, if late, will not be missed? (3) Is the

perfod of sufficient length to be conducive to a moderate intensity of



fishing and to a more or less prolonged flow of fish to the market?

Attempts have been made in the past to esteblish periods which, in
the 1ight of prevailing knowledge, seen to be the rost suitable, both
from the biological and sconomic standpoint. Complste satisfaction of
the above conditions, howsver, can come only when sufficient information
1s collected to enabls the accurato prediction of the movwments of fish
and the consequent course of the fishory. In the meantime the annual
recommendetions must be open to modification in keoping 'ith the advance
in knowledge of the many complicated biological and occanographic factors.
It is hoped that such modifications will lead to the more effeotive
utilizetion of the fish stocks of ths strait of Gsorgia.

The following recommcndations are mede for the cape Lazo and
Nenoose bay fisherics for the winter of 1950-51:

cape Iazo. Tt is recomrended thet this arce be opened from Decems
ber 1, 1950 to January 31, 1951 (inclusive). This should not only ao-

comodate eny latc errival of the fish on the grounds (as was the caso in
the past scason) but should also epread the cffort out over a longor
poriod end thoreby essurc & more prolonged supply of fish to the market.
It is not folt that the two week extension will materially affiot the
quelity of the fish landed.

Nanoose Bay. It is rocomsended that this area be opened from
February 20 to March 20, 1951 (inclusivo). The dates are the same as in
the past season and seom to conform with tho biologloal and cconomic re-
quirements.

It is further recommcndod that the Department give notification of
the roopening woll in advance. Although thorc were no objections re-
lative to the official opening in the past scason, there were a few
complaints that ths notification of extension of the cape Lazo fishery
444 not reech all of the flost.
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APPENDIX 1

Ths possible relationship of lemon sole catch to changes in
phic conditions at cepe Iazo.

Attention hes already been drewn to the difference between the
There is

cape Lazo fisherics of 1948-49 and 1949-50 (see figure 1).
& possibility that the failure of th: main body of lemon soles to
appoar on the grounds in the 1949-50 season uatil the middle of January
wes rolated to some occanographic condition which did not exist in the
provious season.

Analysis of records from th: caps lazo weather station has been
attempted in the hope that &ifforences in metcorological conditions
might give some clue to the differonces in oceanographic conditions.
In the threc months preceding the fish:ry (September - November) the
meen air temperature in 1948 was 45.9°F. as compared with 50.4°F. in
1949. Sincc tiere were frequont periods of high wind in thase months
1t might be prosumod thet wator to
correct to presume furthor that spawning

aperatures worc somwhat highor in

1949 then in 1948. If it is
condition of the lemon sole is dependent on temperaturs--thon there is
a possiblility that highsr wator tcmperaturss in 1949 delayed matura-
tion of fish which in turn delayed their arrival on thoe grounds.

It will be noted in figure 3 that thc availability of lemon sole
increased sharply after the storm on December 17 and 18, and that a
very marksd increase occurred after thc storm on January 12. Therc is
the study of the gray cod at
The high

an indication, similer to that found in
Nenoose bay (Appendix 7) that good ocatchos follow storme.
availability on January 20 doss not necessarily contradict this sug-
gestion since 1t 1s possible that there was an accumuletion of fish
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SES
during the five day period of no fishing prior to that date.

ihether or not the mechanical action (per se) of a storm or the
resulting change in temperature or salinity structure provided the sti-

mulus for the movement of fish down into deeper water and hence onto the

trewling grounds, is not as yet clear. Unfortunately, because of the

sbsence of the research vessel, it wes not possible to make an adequate
coverage of temperature changes during the fishing season. However, a

few records have been made available by the Pacific Oceanographic Group
which has one of its "Georgia Strait" stations on the cape Iazo ground.
A bathythermograph rscord taken on December 6 (at the time of relatively
poor fishing) showed a temperature structure which was almost completely
isothermal (47.5°F.) from the surface to the bottom (40 fathoms). An-
other record was taken on January 16, ths day after the first reports

of exceptionally good catchss. This showed the presence of a relatively

c0ld upper zone (isothormal, 40°F.) from th: surface to a depth of 15

fathoms. Between 15 and 20 fathoms tho temporaturc rose sharply to
45°F. From 20 to 45 fathoms (bottom) therc was a gradual incrcass to
47°F.

Pro-season sampling rovealed that very few fomale lemon soles swere

inhebiting depths greater than 20 fathoms. Apparently this condition

existed throughout period I of the fishery since most of the cateh on
the more frequently trawled grounds was composed of male fish. In
periods IT and III thore was a marked increase in the percentage of

females (see Appendix 5). It is conceivable that this influx

was & result of the movement of the shoal dwelling females into deeper

water in advance of the downward progressing mass of cold surface
water.
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APPENDIX 2

The availability of lemon sole at caps Laz
In studying the changos in sbundencc of lemon solc on the cape

1azo grounds use has been meds of the spocial log Tecord forms distri-

buted to the fichormsn prior to ths fishing sceson.

These supplied
data on tho daily catch of cech specice toget:

sr with the number of
hours fishing, from which was extracted information on the catch-per-
unit-of-affort.

Boforc th catoh-sffort data can be used to giw an expression of
availability thoy mist be handled in such a way as to climinate the

distortion cffects of & number of factors. The first of thuse might be

conveniently called the spocies factor. To use the cape Lazo fishery
e an exemple, it is common knowledge among the fishsrmen that thero
erc two distinct fisheriee in the Lazo area--ono in the northern part

for eoles end the other in the southsrn part for dogfish. Since the

boats of ten fish in both arcas in on day it has booa virtually im-
possible in the past to suynrﬁbc from the landing reports the amount of
tinc spent in fishing for soles and the amount of time spent in fishing

for dogfish. Thus the informetion from ths total catoh figures for the

1947-48 and 1948-49 scasons that the catohee por hour of solss wero 220

pounds and 160 pounds, respsotively, is ept to be misleading sinco thore

was no information on just how much timo was spent on the lower ground
in search of dogfish.

To overccme this deficiency a map (fig. 4) was incorporated with
the 1949-50 log cheets which would enable the fishermen to give some
indication of the approximate area covered each day. From these re-
cords it was possible to soparate the fishery for soles in areas 1, 2,
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3, end 4 (henceforth to be reforred to as arca A) from the fishery for
dogfish in areas 5 and 6 (henceforth to be reforred to as area B).
Total figurcs indicate that whils 49,000 pounds of soles end 150 pounds
of dogfish liver vere taken in area A, 5,100 pounds of sol:s and 11,690
pounds of dogfish were teken in erea B. The calculstions of avail-
@bility of lemon soles erc based on the catch and effort expended in
area A only. In this way the major pert of ths distortion caused by
the specios factor 1s eliminatod. The scasonal average catch per hour
inarea A during the 1949-50 s¢ason was epproximatsly 140 pounds, while
thet for the entire Iazo erce was loss than 120 pounds. This latter
figure mey be compared in table IIT with similar gross averages for

the two preceding scasons.

TABIE ITI

A comparison of seesonal averags catch-pst-hour of fishing for lomon
e ohr FogFion Trthe these FIaTPas seRER st Sape Tagor
Season Hours  Pounds Pounds of ~ Pounds of Pounds of

Fishing Soks g “Doaflsh or

fGur

1947-48 347 76,500 220 1,505 4
1948-49 295 47,630 160 1,880 3
1949-50 440 54,165 120 11,845 27
1949-50
(corrected)
Area A 354 49,050 140 150 -
Area B 86 5,100 60 11,690 135

Included in this table are seasonal cateh figures for dogfish and ad-
Justed figures for the 1949-50 season involving separate considera-

tion of the two fishing grounds. By segregating the catches in areas
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A and B a very merked difference is produced in the caloulation of
catch-per-hour of dogfish. 'hen the entire area is considered the
catch per hour was only 27 pounds, but in area B it amounted to 135
pounds.

The data in the fourth column of table IIT suggest a deoline in
overall catch per hour of lemon sole over the three year period. How-
ever, since the fishery in 1947-48 occurred very much later than those
in 1948-49 and 1949-50 it cannot very well be compered. Furthermors,
it is known that effort expended on dogfish in the 1948-49 fishery was
only slight, which would suggest that the catch por hour of solos would
not have been affected marksdly in that year by a sogregation of tho
effort expended on the two species. Honce, it may be more rcasonablo
to comparc tho 1948-49 figure of 160 pounds with tho 1949-50 figure for
area A which was 140 pounds. Considering the limitations of the data
1t is doubtful that the dooline in 1949-50 was significant.

In order that proper interprotation might bc given to the results
of tag recoverics it has been nccsssary to assoss the availability for

8 number of periods during the fishcry. Advantags has been taken of

three natural rcriods: (I) December 1-18, 1949, (II) January 8-15,
1950, and (III) January 21-30, 1950. P.riod I was separated from
poriod II by the Yule-tide sceson and period IT was ssparated from
perfod IIT by the six day lapsc betwscn tho official cnding of tho
fishery and tho beginning of the extension period.

The calculation of availability during cach of the three periods
has entailed the consideration of the period factor which must be
accounted for when ocertain of the boats cngaged in fishing do not
operate during the entire ssason, and the boat factor which must be
acoounted for when there are cfficiency differences betweon boats.
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In the interest of brevity a detailed explanation of this weighting
procedure hes been omitted. The weighted average catch per hour of
fisking during each period as deternined for area A at cape Iazo is
glven in table IV.

TABIE IV
Tie_¥elshied svarses ostoh of lemn solos por hour of fiehins in
aTes Gape Iazo Juring the three per! The fishery

Period I Period II Period IIT
Telghted average
catch per of 65 2170 190
tianln& (pcunds)

The unweighted daily average catch per hour of fishing in area A
was shown previously in figure 1. It was noted that a high level of
availebility actuslly did not exist throughout the whole of period IT,
but rather was confined to the closing days of that period. The use
of averages for rather lengthy periods has unfortunately obscured the
trends within periods. This has been unavoidable, not only because
of the sporadic nature of the fishery, but also because later compari-
sons with population estimates (Apvendix 3) have entailed the use of

data which could not be refined to shorter periods than those used.



APPENDIX 3

The results of lemon sols marking and tegging experiments at cape Lazo

During the month preceding the fishery at cspe Lazo an extensive
merking and tagging programme was carricd ‘out on the cape Iazo grounds
and in the adjacent closed area of Baynes sound. The purpose of this
experiment was to obtain estimates of population size and fishing in-
teneity and to gain an unlerstanding of the relationship of the popu-
lation of lemon sole at cape Lazo to that in the much disputed olosed
area of Baynes sound. Accordingly, there were released on the cape
Lazo grounds approximately 830 tagged fish and 2,200 fish marked by
the removal of one of the pectoral fins. In Bavnes sound over 1,500
tagged Tish were liberated along with 7,200 marked fish. Most of the
tagging and marking in the insids waters was carried out mainly be-
tween Union bay and the Comox bar (sse fig. 5) in order to ensure ade-
quate recovery 1f there was extensivwe outward migration across the bar
to the Iazo grounds.

Tagged fish which were capturcd by the fishetmen were turned over
to the contact man upon arrival at Vancowor. However, the fishsmen
wWere not expecod to maks recoweries of marks. This was done by the
contact man and his assistant at Vancouver. Frequent samplos of 1,000
fish were taken from the comm reial catch throughout the cowrse of

the fishery and examined for the percentage of marked fish.

1. Estimation of abundance from marks

In merking the lemon solos at cape Lazo no consideration was

given to the size of fish. Thus it had to be presumed that not all

marked fish would be lerge enough for market and that a certain per-
centage would escape through the nots or be culled by the fishermen.
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In order to caloulate the percentage of effective marks, that is, the
probeble percentage which would be retained by the fishermen, the per-

centege length frequency polygon for all marked fish was superimposed

on that for the commercial catch in eech period. The region of overlap

then gives a percentage by area of the effective marks. An example is

given in figure 6. From this caleulation it was cstimated that during

the first period 80% of the male end 73% of the fomale marks wers

effootive. Ths effective marks in the later periods were almost the

same, being 81% end 72% respectively.
ghted cateh for each puriod together with length-

Using the wel
weight data it was possible to cstimate the number of fish landed during
cach poriod. Since tho ratio of marked to ummarkcd fish was obtained
by sampling it wes then possibls to btain an estimate of the probable

number of marks landed in cach period. Then, by the use of simple

proportion & rough cstimate wae obtained of the probabls number of
commsroial-sized fish on the grounds.
In the commeroial lending for period I, 3,474 fish werc examinod

and 36 marke werc recovered. Of 1,652 fish cxaminsd in peried II, 8

wore marked fish, and of 6,943 fish oxamincd in poriod ITI, 31 wers
marked. Tho ensuing calculations of population size in the threoc
mriode ero summarized in table V.

TABIZ V

A summary of tho caloulation of population sizs from tho
Tocovery of SETReR TTeh

Number of Marks Number of  Probable Number of

Eotimated At Large pish Tandca Gommorelal STssd

—  T"Hshat Iarge

Period Es
Recovery &t TArge
1 137 1,667 12,200 148,000
11 34 1,530 8,710 392,000
111 222 1,496 47,520 320,000
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The population estimete from marks confirms the results of the
study of availebility in Appendix 1, that the population was of greatest
size in period II. However, a more detailed consideration of this re-
lationship has been reserved for a later section.

Tt might be argued that calculations based on the recovery of
merked fish are not as accurate as those based on the recovery of
tagged fish. In the first place marks are not as readily discsrnible
as tags and secondly, it is necessary to apply an adjustment of ques-
tioneble accuracy for the estimated number of effective marks. How-
ever, the msthod has one important advantage in that the recovery for
the various size groups will be more clossly proportional to the actual
strengths of the size groups. It is reasomable to presume that if the
fisherman is unaware of the presence of marked fish in his catoh, the
number of marks amongst fish of say 30 centimetres which he retains
for market should be in the same ratio as marked to unmarked fish of
30 centimetres which happen to be returnod to the water. On the other
hand, where tags are involved, undersized tagged fish whon captured
would be retained by the fishsrman, but had thore been no tags on
thoss fish they would probably have boon returned to the water. This
process of disproportionate selection would tend to distort any cal-

culations of population size and fishing intensity.

The estimation of abundance from tags

As in the previous section the weighted total catch for oach
period has been employed to cstimate the numbors of fish landed. Tt
was then possible to obtein the ratio of tagsed to untagged fish in
the commercial catch. With the aid of an adjusted est’mate of the

probable maximun number of tegs at large a calculation was made of
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the population size in each period. A summary of these caloulations
is given in teble VI.

TABIE VI

A summery of the calculation er popujsticn sise from the
Tish

Tecowry of tegged

Period Rn»;:?;;: of wags Auber o: Probablelmami;:r s
I 56 814 12,200 177,000
i1 22 158 8,700 300,000

11 92 136 41,520 380,000

Tt will be noted that whereas the estimated population from marks
was greatest in period II, the greatest size as estimated from tags
came in period III.

A graphic comparison of the population sizes determined by marking
and tagging is shown in figure 7 along with the availability figures
from Appendix 1. A point which is immodiately apparent is the close
sgreement between the trend in population estimated by merks and thet
of availability. Ahside from a reasonably close agresment in the first
priod the population estimates by the two m thods are widely diver-
gont both in trend and absolute numbers. There is an agresment botween
meriods I and III insofer as relative numbers are concerned, for osti-
mates by both methods show an increase of X2.1 from period I to psriod
1.

Those results suggest that tho taggod fish roacted differently
from those which were marked, cithor independently of, or &s a direct
result of the difference in ths offect on the fish of marking and
tagging.
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Figure 8 shows length frequency polygons of marked and tagged
fish. The marked malss were slightly smaller than the tagged males.
The marked females were much smaller than the tagged femalss and were
not nearly as well represented (5% in the mark sample as compared with
29% in the tag sample). These size and sex ratio differences may
account for the differences in recoveries. Yet, if the factor of size
played same part in the chence of recowery, then it vould have mede

1tsolf evident in the size distribution of recovered tagged fish.
Length frequsncy polygons of tagged and recovered fish when tested by
neans of Chi-square, showed no significant differences.

A clue to the differsnce between the estimates may lie in the
act thet the percentage of femeles in the recovered tagged fish was
221, as compered with 29% at the time of tagging, which suggests that
the females arc moving away fastor then the males. If this is truo
then 1t might serve to partially explain the epparent increasein popu-
lation (a8 doternined by tags) in perfod IIT. If the sampls of marked
fish contained a higher percontage of malss than th: sample of taggod
figh and if males rcmain available to the fishory for a longor period
7 timo than females, then it is rcasonable to suppose that population
cstimates from marks would follow the trond in availability more
closely then those from tegs.

When the perocentage of fomalos among tagged fish was determined
for each of the throe poriods it was found that 39% of the recovered
tagged fish in period T were femalos (s comparod with 29% at the time
of tagging), only 7% in period II, and 16% in period ITI.

In Appen-
aix 5 it will bo shown that during period IT and ITI thero was a sharp

increass in the percontage of female fish on the grounds.

This fact
together with the apparcnt decline in the percentege of tagged female
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f1sh lends support to the belief that female fish do not reein on the

grounds e long as the males. Thue it mav be expected that the tagging

experinent, since it involved more feralss than did the marking experi-

ment, would tend to cive less accurate estimates of population.

Detination of rate of exploitation

Tstimates of the rate of exploitation at cape Lazo have been
obtainsd from the percentage recovery of marks and tags. These figures
must be considered only as approximations since such fectors es natural
and tagping mortality and rate of migration off the grounds cannot be
siven any quantitative evaluation. Ths rate of exploitation es deter-
mined from marke was 393/1,667 or 23.6%, while that determined from
tage was 170/814 or 20.7%. Lowever, a much closer agreement with the
estinate fron rarke is cbtained If only the tegged male fieh ere con-
sidered, the result being 132/578 or 22.8%. Thie ie another indication
of the diffcrential mobility of malss and females on the spawning
ground. If the females nove off the grounds more rapldly than the
rales, the cstimated exploitation rate will be greater when females
are oxcluded from the calculations.

The rate of exploitation caleulated by Manzer (manuseript) for

the winter fisherv of 1946-49 was found to be ebout 24%.




APPENDIX 4

¥igration of lemon soles as shown by tagging

Of the 194 tags recovercd on the capo Lazo grounds during the win-
ter fishery of 1949-50, 19 had been rcleascd prior to the 1948-49
ezson and 170 had been relsased during th: two week period prior to
the 1949-50 scason. The remaining 5 tags had been reloased prior to
1949-50 scason, not at cape Lazo, but in the adjecent waters of

o

he
Baynes sound.

The relationship of. the fish in Baynes sound to those inhabiting
the caps Iazo ground is the subject of considerable interest. Many
fishermen contend that the Baynes sound population is distinot from
that in the outeide waters cnd thet any prolonged closurc of that area
to trawlsTs would rosult in a great wastege of fish. Heavy tageing
wae carricd out in Baynes sound, perticularly in the northern part
between Union bay and the Comox bar (sec fig. 5) in order to determine
whether or not there was cXtensive movement across the bar to the ocape
Lazo ground. During ths first week of the fishery ons of the boats
£ishing along the shallow water on the outside of the ber picked up &
tag released two wooks eerlier on the inside of the bar. No other
inside tege vere rccoversd on the Lazo grounds until the extension
period late in January, during which pericd four tags were recoversd.
One had been released just inside the bar, two had been Teleesed at

Union bey and one at Fanny bey. Of the inside fish teken outside,

three were mature males and two were large females.
A month after the closure of the cave Lazo fishery, nine lemon
sole tags were Tecowred on that sround by the "Investigator No. I'.

Five of these were small mals fish tagged prior to the fishing scason.
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Three had been releesed at cape Lezo and two had been relsased at Union
bay.

Sampling in Union bay produced four tags all of which had been
released in that erea prior to the fleshing season. Five tags (all large
females) were recovered at Famny bay. Two were from inside the Comox
bar, two were from Union bay, one was from Deep bay, and ons was from
cape Lazo. A cape lazo tag and a Deep bay tag were recovered in Deep
bay.

Four tags were picked up by commercial vessels between March and
Tune, 1950, in the area above cape Lazo (north-rest of area 2). Three
were from the Iazo ground and one was from Union bay. One of 500 tags
released on the cape Lazo ground a month after the close of the fishery
was plcked up three months later by a cammercial boat operating 85
niles to the south in Pyledes chennel.

To summarize these recoveris s it may be said that there is some
nixing in both directions between Baynes sund end cepe lazo, that
some cape Lazo fish move across the ber to Fanny bey and spawn and
thet some Fanny bay fish find their way to cepe Lazo and spawn in
“hat area. Tt would appear that the Baynes sound population mekes

only a small contribution to the fishsry @t caps Lazo. This is based

on the fact that only 5 tags of the 1,500 liberated within the sound
wero ceptured outside during the open season.

There is strong evidence to confirm the conclusions of Taylor
(unpub. menuscript) that spawning takes place mostly in Fenny bay.
Tagging end special saspling from the "Investigator' indicate a pro-

nounced southerly movement in Baynes sound with the advent of the

spawning season.

Migration of spent fish from baynes sound and cspe lazo in &
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northerly direction towarde Oyster river is suggestod by the recoveries

made so far. Thore have been indications from former tagging expsri-
ments thet there is sams migration from cape Tazo southward towards
the Gualicum beach region. Ths lons tag from Pylades channel falls
in this southerly migration pattern but covers a much greater distance

than any previous record.




APPENDIX 5

Iength and sex composition of lemon solis at cape Lazo

The length frequency composition of lemon soles taken from the
cape Lazo ground during the winter of 1949-50 is shown in figure 9.
The November sample was taken from th: chertered vessel "Phyllis Car-
lyle" and is & composite of marked and tagged fish end samples of
otoliths. The December end January semples wers from the commercial
catch landed at Vancouver and the February sampls wae obtained by the
“Investigator No. I' after the fishery had closed.

The males caught during November were on the avsrage ebout half

a centimetre smaller than those taken in the commercial catch in Decem-

ber (period I), but this might be cxpeoted since ths November semple

would contein e higher prercontage of unmerkcteble fish. Aside from
an increase in average size of almost & contimotre in mals fish during
tho first half of January (period II) the avorage size remained fairly
constant from December through to February.

Femalo leron soles taken in the first period of the fishing were
smaller than thoss sempled prior to the oponing. However, after the
New Year thore was & marked increase in aversge size of almost 1.5
contimetres. A study of the sex ratio would suggest thet this change
wes the result of en influx of a body of large female fish. In Novem-
ber and December ths females comprised umior 20% of the catch. In
the period IT and III semples, however, therc was an increase to 40%
end 30% respectively. Semples teken in Fobruery showed &n almost
equal representation of males and females.

The percentage of females taken in the entire fishery from
December tO January was only 28. This may be compared with 41% and
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384 in the fisheriss of 1947-48 and 1948-49, respectively (table VII).
The failure of the cape Iazo fishery to materialize until the middle
of January, coupled with the low percentage of femalss in the catches
up until that time suggssts that the females were unusually late in
their arrival on the grounds in the 1949-50 ssason. The possibility
that this might be related to oceancgraphic conditions has bsen dis-

cussed in Appendix 1.
TABIE VIT
A sucmary of all available data on the trend in sex ratio
and averags size of lomon solc 1n the cave Lazo arca since 1946.

Avorage Size
malos Male Female

Year Porcent F

1946 53 316 378
1947 56 317 370
1948 41 320 382
1948-49 38 322 379
1949-50 28 320 387

A comparison of th: avorage sizo of malc and fomalc lomon solos
taken in the cape Lazo area bsfore and aftor the restriction of the
fishery in 1947, shows little indication of any significant incrcase
or decrease. In figure 10, & comparison is made of the size distri-
butions in the three years of restrictcd fishing. The modes in male
fish have remained fairly close to 31 and 32 centimetres, while those
for femsle fish have remained closs to 37 or 38 centimetres. In
neithor sex is there any indication of the prosression of a dominant

size group.
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APPENDIX 6

Age enalysis of the lemon sols fishory at cape Iazo in 1949-50
Sempling from the rcsearch vessel has shown thet the distribution

and movements of lemon solos on the cape lazo ground &re very compleX.

Not only is there segregation according to sex and ags but also acoord-
ing to spawning condition. This, coupled with ths arrival and departure
of obviously diffe

ent schools of fish, presents a very difficult pro-
blem in ths asscssment of the age composition of the commeroial catoh.
An oxemple of the high degrec of segrogation on the cape 1Azo
ground was revealed in tho study of samplos collectod from a series of
depths, 36 fathoms, 39 fathoms, and 42 fathoms, just beforo the fishery

opened. The age distributions for mal fish found in cach sample aro

givon in tho table below. The femals fish werc poorly represented in
all semples and therofors have boen excluded.

o Froqueno
wow mrom CPTESHEEH oo

\4 VII o Total
36 £, 1.1 18.0 25.1 23.7 16.8 6.6 6.9 1.4 421
39 £. 1.0 9.6 18.5 30.1 27.4 8.6 3.9 0.5 404
42 1.

2.3 16.1 12.7 21.3 24.1 16.5 5.2 0.9 211
With increase in dopth the modes shifted (with some overlapping)

from V through VI to VII years. The average lengthe in thesc samples

wore 308 mm., 320 mm., end 317 mm., respectively, with modes moving

from 305 mm. to 315 mm., to 330 mm. Thus it is apparent that tho ago

and size composition of the catch of & boat depends to & very great

oxtont upon the amount of time which is spent in fishing et the various
dopths.

Tho ploture is complicated further by tho arrivel on the grounds

of schools of fish which, for r.ason of differenco in growth condition
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on the summcr feeding grounds, are distinctly different in their age
and size compositions. First indications of this complication appeared
1in the comparison of ths age composition of the catchos mads in the
winters of 1947-48 and 1948-49. In samplos from ths 1947-48 catch the

best roprosented age group among malc fish was six-year-olds whils

among females it wes five-year-olds. In the following year a sample
taken eerly in Jenuary showed the strongest age group both in males
and females to be five-year-olds. Yst, the fish were actually larger
then those taken in the 1947-48 season.

Intonsive sampling in the 1949-50 season has revealed very pro-
nounced intra-seasonal changes. In figure 11 are shown the age frequen-
cies for the three periods of the fishery. In period I (December) six-
year-olds predominated ‘among male fish while five- and six-year-olds

predominated emong females. The age-length paradox observed in the pre-
vious season appears in the samples for period II. The dominating age-
group in males dropped to five-year-olds while that in females dropped
to four-year-olds. However, if reference is made to Tigure 9, it will

be observed that in period IT there was & marked increase in average
size over that in period I.

In period IIT, the mode in male fish remained approximately the

same as that in period IT at five-yesr-olds but thers were more six-

year-olds. Among thc femeles the mode shifted back to much the same as

that in period I. However,these fish werc still much larger then those

taken in period T.

In view of the marked intra-seasonal changes it is very difficult
to assign an average age composition for the 1949-50 season, which in
turn makes it very difficult to give an accurate picture

of inter-
seasonal trends.
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APPENDIX 17

The availability of

ray cod at Nanoose bay

The availability of gray cod in the Nanoose bay area has been
calculated for daily periods.

The catch-effort data from table IT
have been appropriately weighted to account for the period and boat
factors and a graph of the daily availability appears in figure 12.
Periods of high availebility occurred shortly after the opening
and shortly before the closure of the fishery. During the sixteen
days between these periods the availability fluctuated closely eround

200 pounds per hour.

It is very apparent that hi

availability occurred immediately

after periods of stormy weather which forced the boats to suspend opera-
tions.

Three possible explanations of these fluctuations present them-
selves: (1) if the gray cod tend to move to inaccessible areas when
the grounds become disturbed by the trawls thon it might be expected
that they would return when bad weather forced a suspension of the
fishery, or (2) if the gray cod ere constantly arriving on the grounds
then & suspension of the fishery would result in en acoumulation and
consequently an increase in availability, or (3) strong easterly winds
might have had a more direct effect on sray cod movement sither by
setting up currents which direct them into t!

bay or by affecting
the distribution and sbundance of feed (herring) in the bay.

In view of the small size of the Nanoosc b

round it is diffi-
cult to beliove that a period of four days of intensive fishing had

to elapse before the disturbance became sufficient to cause the gray
cod to migrate onto the reofs.

owever, it is very aifficult to say
whether one supposition is any more plausible than the othsrs.
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APPENDIX 8

The length and ege of gray cod
It is ordinarily very difficult to collect edequate samples of

gray cod for otolith sampling principally becausc it entails the

cornering of a largs poundage of unprocessed fish. The use of fil-
lotted spscimens as in the cess of flatfish is imnossible since gray
cod arc usuelly headed just prior to filletting. Sampling is furthor

leck of a meuns to determine the sex of the fish

complicated by th:

since they are landed in a dressed condition.

One sample of 81 unsexcd gray cod was collscted from the 1950

Nanoose bay commorciel catch. The rosults of otolith readings con=
ducted by Miss R.I. Peterson ere shown in figure 13 together with
h ege

the length froquency polygons for the whole sample and for o
group in the sample.
If this samplo is representative of the commercial cateh it would

eppear thet the fishery is depemient to @ large cXtcnt on VeTy young

fish. hpproximately 68% were three-year-olds, 287% were four-yeer-

-olds.

olds, and the e two- and five-yee

ed 56.7 cms. in length

The fact three-year-olds avera
is indicative of a very rapid growth rate in the first fow yesrs of
lifc. This is & somewhat foster rate than that obscrved for the in-

shore population of Atlantic cod--but perhaps mav be sxpected in view

of the higher water tomperaturcs on this ccest.

)



FIGUME 13. Age and length frequency grapha of gray cod caught
t Nanoose Bay in March, 1950
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