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: ABSTRACT-

The winter"flshery“for“lemon'sblg In the gulf of Georgila
depends on populations spawning in Baynes sound and Bo;tv
harbour from January to March. The peak period in 1946 was
from"Januarylzu tO'?ebruary“23 inVBaynes sound and 10 days
earlier in Boat harbour. Although some spawning took place
throughout the whole of both regiéns, wilth the exception of
Porlier pass, spawning was more intense in certain areas of
each region. Minimum estimates of fishing intensities of
42% and 26.3%.for'the‘Baynes“sbund and BOat‘harbour regions
Arespeqtively'appear too heavy to maiﬁtain the fishéfy at ifs
present level, During'the 1947 fishing season Baynes.sound
| was largely closed to tréwlingj in BOgt harbour the percentage
tég reco&ery‘wasié;B% a8 compared to 18.8% for the same period
" in l?bét ‘These recoveﬁieszindicated~an avérage”annual increase
in length of 7.3% or in weight of 21.9%. Lemon sole spawning
in"Baynes;sound dispérsed to parts.of the'gulf;nbrth~of
Nandose’bay, while those spawn;ng'in'ﬁoat harbour: dispersed
gouthward as far as the Amefican boundary. Although these two
populations do not mix to an apprecilable extent, their com-
position 18 very similar except for a larger number of imma-
ture and small‘mature fish;in~Baynes;sound. The‘Porlief_pass'
population; consisting Qf'two-thirds immaturé'fish,idiffered
"mafkedly. An estiméte of fhe_amount of pOpuiahion change on
thé spawﬁing‘groundé was‘made by éomparing the ?ariations in
tag‘returns pef period calculated on the baslis.of a constant

number of tagged fish available and a constant weight of fish



caught each period. Stomach analysls showed that lemoﬂ sole
do not feed actlively during the winter and that fully matured
fish feed less actively than immature or spent individuals.

Worms, clams, and brittlestars formed the principal foods.



A STUDY OF

THE PRINCIPAL SPAWNING GROUNDS AND OF THE SPAWNING OF

| THE LEMON SOLE, PAROPHRYS VETULUS (GIRARD),
IN THE GULF OF GEORGIA IN RELATION TO THE COMMERCIAL FISHERY

INTRODUCTION

In 1943 an investigation of the otter trawl fishery was
undertaken by the Pacific Blological Station. Hart (1946)
in his "Memorandum on the Otfer Treawl Fishery', in giving
the reasons for undertaking this investigation, states, "An
invéstigation of the otter trawl fiéhery-has been set up in
order to determine the nature and exteht of the competition
of otter trawls with other types of fishing gear and the posg-
sibilities of a continued successful otter trawl fishery.
Considerations of the latter point depend upon . studies of
the specles of fish caught, their general life history and
interrelationships, the effects of catching:and releasing
1llegal, under-sized or otherw1ée_unwanted fish, and the
effeéts of dragging heavy nets ovér'the.bo§tom.“

The study of the lemon gole spawning grounds in Béynes
sound and Boat harbour, - carried out during January, February,
and March, 1946, forms one phase of the general life history
studies. of trawl caught‘fish.

CONDITION OF THE FISHERY AND REASONS FOR THE SPAWNING GROUND
SURVEYS | |
Hart (1946) also makes the following statemeﬁts about

the cbndition of the otter trawl fishery in the stralts of .
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Georglat "In general the fishery for otter trawl in the"
straiﬁs‘of Georgla 1s in a depleted condition, This is the.
regult of the acﬁivity in enclosed waters over a long peribd
of years of a substantlal fishing fleet which has been able
to operate fairly well throughout the year.®

The lemon sole spawning grounds in this area, were made
the object of study both because the exploitation of spawning
lemon sole constitutes one of the main winter figheries: of
thiS"region‘and‘beéause of the bioiogical iﬁterest 1h‘spawn1ng
populatiéhs; These regiones form two of the few "flatfish!
spawning grounds well enough known to permit study.

In this_survey'infofmation was sought on a number of
problems which are stated briefly below. These are enlarged
upon 1ln later sections of this.report. They are!

1. Does the availability (sbumiance) of thé lemon sole
. vary during.fhe spawning season?

'2. What is the vériation in the sexual development of
the fish on or near the spgwning grounds?

3. Does active spawning take place generally throughout
the whole of a region or is there more active spawning in
léertain sections of a.region than in others?

L, What is the duration of the spawning season?

5. What 1s the intensity of fishing on these spawning
groundé? | | |
o 6. What indications sre there of mass movements of fish .

about or away from the spawning grounds?
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7. To what regions of the gulf do'tpe lemon sole from
each spawning ground disperse after spawning?
8. Does a relationship exist between the feeding of
lemonrsoie and the degree of sexual maturity?

REGIONS STUDIED

Major Lemon Sole Spawning Grounds

As the gulf of Georgla has been intensively prospected ‘
and fished by the trawler fleet for many years now, there 1is
every reason to suppose that all the areas in which lemon
gsole concentrate in the wintertime to spawnﬁwould\be utilized:
by the fishermen or at least known to them. Interviews with
fishermen, and examination of cannery recordsvahd pilotvhouse
log booke indicate that there are only three aréas in the
gulf of Georgia 1in which)lembh sble-ére found in sufficiént
quantities to'provide.a profitable rishery. These are the
- Baynes sound, Boat h?rbour, and Point Atkinson-Fraser river -
areas. These regions ylelded 5&% 20% and 7% respectively
of the total lemon sole landings from the gulf of Georgia
for the first three months of 1946, For this reason,,therefore,
the Baynes sound and Boat harbour regions have been assumed
to be two of the major spawning areas for lemon sole in the
gulf. Although some spawning 1is known to take place off
‘Point Atkinson, thie area is not considered to be a major
spawning area as thé‘humber of lemon gole taken there is
small; as far as is knowﬁ, no spawning takes placé.off the

Fraser river mouth.



Location of the Spawning Grounds

The Baynes sound and Boat'harhouf~fegiohé have, for
convenlence, been called afterlthe most widely known areas
in each‘region, although such areas may actually form only
g small part of the whole region. The locations. of these -
regions are shown on.Map 1, and are deécfibed belows |

The Baynes sound region comprises that area between'
Denman and Vancouver 1slands, from Yellow.rock‘light and .,
Deep bay on;the gouth to Comox and cape Lazo on the north.
The area outside the Comox bar, south of cape Lézq is also

inclﬁded in this reglon. BayneS'sound 1tgelf constitutes
thaﬁ stretch of water between Vancouver and Denman islands.
vf The Boaﬁ‘harboﬁr reglion is bounded on the_north‘by Dodd
@grrows and on the‘séuth roughiy by a line from Yellow point
on Vancbuver 1sland to Blackberry point on Valdes island.
Thié region 1ncludes.the top end of Stuart channel between
'Yéqcouver island and De Courcy island and that part of
Pylades chénngl betweén De Courcyland Valdes islands from
Ruxton passage southAﬁo,Whaleboat channel. For convenience
,%hét part of Trinéomaii chennel in the vicinity of Porlier
pass has been included in this area. Boat harbour 1tself
15 on the Vancouver island shore two and one-half miles

south of Dodd narrows.
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METHODS
In making thils étudy of the lemon sole spawning grounds'f
and of the spawning of the-iemon sole, the methods employed
involved three lines of investigétion: |
1, Studles of the size distribution and sexual condition
of the figh;: )
2. ‘Tagging“studiés, to obtaln information on fishing
intensities and movements of the Tish;
" 3. Availability studies.

Céveragé of'thelRegiéggz

The investigation was forwarded during January, through
the use of the chartered vessel, "Phyllis Carlyle!, This
vessel made five trips to both the Baynes sound and the Boat
harbour regions. Hef captain's knowledge of tﬂe Tighing
grounds 1in eaéh area proved invaluable in obtalning samples
from the locallties most used by the fishermen.

In February two trips were made to'the‘Baynes souﬁd
region and one to'the Boat harbour region and in March one
trip was made to the Baynes sound region;

In each of the major reglons five "drags" were made over
definable courses. A In the Baynes sound.region these drags
~ have been called the "Deep bay", "Eanny bay", "Union bay",
"Comox bay", and "cape Lazo" drags. The courses over which
they were made are deseribed below and are shown on Map 2.

l. Deep bay! from a point off the light 'at the entrance
to Deep bay, down the centre of the sound to’the southern tip

" of Ship peninsula.’
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2. Fanny bay: from a point off the northern tip of
Ship peninsula, down the centre of the channel to a point
off the ferry dock on Denman island.

3. Union bay: selightly westward of the centre of the
sound from a pointfapproximaﬁely opproslite the government dock
at Union bay, southward for a distance of about two miles.

L, Comox bay: slightly'to the east of the centre of
the s_ound'from the most westerly tlp of Sandy or Seal island,
northward for a distance of about two miles.

5. Cape Lézo: from a point about half a mile to the
" east of the light off Comox bar southward for a distance of -
about two miles, | _

The drags'off Deep and Fanny bays were méde in 35 féthoms
of water, those off Union and Comox bays in 23 fathoms, and
that off cape Lazo in 42 fathoms of water. |

In the Boat harbour region the five drags have been
called ¥ Boat harbour', Ycentre drag!, "De Courcy island",-
"Pylades channel", and "Porlier pass", The courses OVef,
which they were made are described bglow and are shown on
Map 3. ,

The three drags: of "Boat harbour", "centre drag", and
 "De Courecy island" are situsted across the top of Stuart
channel, and run parallel to each other; |

1., Boat harbour:: on the west side of Stuart channel,
close to the Vancouver island shoré, running from a point offf_
Boat harbour in a south—easterly direction for a distance of

about two miles,
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2, Centre drag: in the centre of thig part of Stuart
chaﬁnel, running between the same two points as above.

. 3. De Céurcy island: on the east side of Stuart channel,
off the west shore of De Courcy 1sland, running from a poinp.
opposlte Boat harbouf, in a éouth-easterly'direction to a
point oppoéite the northwestern tip of Ruxton island.

4, ©Pylades channels down the eastern side of Trincomall
chennel from a point just north of Cardale point to a point
- opposite Porlier pass. -

These five drags weré made in agpproximately 35 fathoms
of.water.

In Tables I and 1II, the dateénon which drags were madew
in the vérioﬁs areas are shown forkthe Baynes sound and Boat
‘harﬁour regions respectively. On those trips made during
Februsry and March samples could only be ‘obtained from those
areas~in which commercial trawlers were found fishing, The
February 24th Union bay drag was made in a slightly different
area than the other Union bay drags, This;drag, in contrast
‘to the others, extended to the edée of the Fanny bay area.
All other drages made from commeréial trawleré were in the
same areas as those made from the chartered vessél. No haul
was made off cape Lazo on the second trip, as the " Phyllis
Carlyle" had to make an emergency run to Vancouver on the

night of January 12.
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TABLE I
BAYNES SOUND

Deep . bay Fanny bay Union bay Comox bay Cape Lazo

Jan, 4 ' ’ .
Trip 1 Jan, 5 Jan, b4 Jan. 4 Jan. 5 Jan., 5
Trip 2 qan. 12 Jan, 12 Jan. 12 Jan, 12 = ——eeie-
Trip 3 Jan. 18 Jan. 18 Jan. 18 Jan. 18 . Jan. 19
Trip & Jan. 24 ~Jan. 24 Jan. 25 Jan. 25 Jan, 25
Trip 5 Jan., 28 Jan. 28 Jan, 29 Jan, 29 Jan., 29
Trip 6 Feb, 13  =mmmc—oe  mmeemeee emeeee e
Trip 7 Feb. 23  ——mmmm- Feb, 2§  mmcmcmm  Smeeee
Trip 8 Mar., 16 ' — Mar, 17 e
. TABLE IT
BOAT HARBOUR
~ Boat Centre  De Courcy Pylades: Porlier
harbour drag island channel pass:
‘ Dec,28,1945 —cce—u- Dec.28,1945 Dec.29, Dec,30,
Irip

' Dec.29,1945 Dec.29,1945 1945 1945
Trip Jen, 7 Jan, 8  Jan. 7  Jan. 8 Jan. 9
 Trip Jan. 15  Jen. 15  Jan. 15  Jan. 15 Jan. 14

Trip Jan. 20 Jan. 20 Jan. 20 Jan, 21 Jan, 20

Trip Jan. 31 Jan. 31 Jan. 30  Jan. 30 —eee—e—e

Trip

A
1
2
3
Trip 4  Jan. 26 Jan, 26 . Jan. 26 Jan. 26 Jan. 27
5
6 mmmmime e Feb, 16  mmmcoo=  —me————
o

| Trip
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A trip was made to the Boat harbour reglon on February 27,

but as no trawlers were fisghing there at that time, no samples

were obtained, One drag was also mad; off Qualicum beach,

two inside Nanoose harbour, and one on the east side of Kuper

island. f N }

All drégs were of approximately an houf'é duratien, with
the exception of those made by commercial . trawlers. Here the
duration of the drag varied from one hour to two and one—half
hours. Eor each drag the total weight of the "lift", the
v‘weight of saleable figh, and the weight of each specles of

fish were recorded.

Types of Information Sought
~ In this study work was concentrated on the following
three types of investigationo
1. Studies of the spawning condition of the fish This
:part of the work was undertaken to provide information about
the duration of the spawning season and the 1ntensity of
spawning in each area. A random sample of approximately 40
fish was teken from each drag and for each sample the following:
data were recordéd:y ‘ ’ 4
1. The fork length of each fish.
2. The stomach contents,
: 3.'mThé'§ex’- determined by actual examination
ET'Ehéﬁgonads. 'The sexes can alsobbe séparated by an external
examination only. In the female lemon sole the ovaries are

contained in pockets: formed by posterior extensions of the
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body cavity. These pockets lie beneath the vertebral column,
one onieach side, and inpfully mature figh can be traced as
far back as the region of the caudal peduncle. As the‘ovaries
mature they extend farther and farther beckward into these
pockets. Thiexextension of "the ovary iszvisinle; from an
external examinatlion, even in immature femaleszend is unmis~
takeable in mature fish, In male lemon sole no such pockets
or extension of the testes are visible,

k., The spawning condition. The spawning
conditions ef the female fish were rated in six numbered
categories with the following brief definitions.

i. Immature - the ovary is: small and undeveloped, extending -

posteriorly only slightly. _ *

i1. Maturing - the ovary 1s developing, its posterior exten-
slon was more marked, |
111, Riﬁening -~ the ovary 1is well develoﬁed, distending the
body walis; the posterlor extension was very marked; no clear
egge are present. |

iv, Rine ~ the ovary was well developed with clear, mature
eggs present, scattered throughont the ovary or concentrated
toward the anterior end.

. Running - eggs were extruded upon gentle pressure on
- the ovary. | _ »

vi. Spent - the fish had completed spawning;-thevovary con-
tained no eggs and was'often streaked with blood.,

Males were recognized only in categories i. and v,
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2. Tagging“sfudiésu The reasons for undertaking this

type of investigation were threefold::

| l.  To provide a meané-of estimating-the fishing
intensities. 2. To provide information about the movements
of the fish over the spawning grounds. |
| 3. To obtain information about K the migration
end diepersal of the lemon sole after spawning. ‘

From each haul a second random sample of 30 to 50 fish
,yefg/taken and tagged. The»tags were of the standard button
type used by the Pacific Biqlogical Station's otter trawl
1nve$tigaf16n. They conslst of a white,disc bearing the
tag number and a yellow disc bearing: the address of ‘the Pacific
Biological Station. The yellow disc 1s placed on the eyelé&a,
white side of the fish and the white disc on the eyed, coloured
side,«the discs: being held in place by a nickel pin passed:
through the fish below the dorsal fin at a point above and
slightly behind the pectoral fins. A reward of fifty cents
wag offered by the Pacific Blological Station for the return
of these tags together with information on the place and date
of recapture, the length of the fish and the condition: of
the fish and of thé wound.

For each fish tagged the following data were recordéd:

| 1. The tag number, )
2. The fork length. -
3. The gex - deéermined from an external

examination in the manner described in the preceding section,
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" 4, An estimate of the spawning condition -
such estimates were found to be adcurate‘only‘ih the cése of
those fish falling into categs;y (v); 1t was not found pos-
gible to assign fish accurafély to these categqries dependent
* on the degree of ripeness: of the'eggs ﬁithout an examination
of the gonads. . | _

| r5. The welght - in some cases the we1ght:in
ounces was recorded; a spring balance which, however, proved
too difficult to read accurately in,roughnweather, was used.
3. /Avallability studies. Availability studies were
undertaken to provide a bagkgrdund against which interpreta-
tions of the fishing intensities and the movements of fisgh
about ﬁhe1spawning-groundszcould be madé.'

' The catches of lemon sole for Baynes sound and Boat
harbour were calculated for fortnightly periods during January,
February, and March;'l946., The total catch of lemon;sole‘
for the gulf'of Georgla was obtalned from an examinetion of
- the records of the varlous wholesale fish dealers in Vancouver
and'Victofia. With the aid of ‘information obtained.from
- pllot houée log books, and from 1ntérv1ews with and letters
from those caﬁtainé who did not keep log books, the totél
cétch was proportloned into the catch per period for each -
vregion.' _
| The availability of the lemon sole in both regions,
expressed in pounds of fish per hour'!s dragging was calculated

for each period, This information was provided by an analysis
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of the pilot house log books, These books were 1gsued to -all
trawlers in 1945 and 1946 by the Pacific Biological Station,
- In these books the captains recorded the number of hours
fiéhed each day, the area fisgheqd, thé,amount of éach specles
caught, and information about the total weight of the 1ift
and the weight of commerciel species contained in it,

The layout of the pages contained in these books is
shown ianable XXVII of the appendix, Every second sheet
is perforated and fémovéble, so that, by making a carbon copy
of each ehtry, the captain could retaln a record of hls fishing
and at the same time provide fhe,Pacific Biological Station
with a duplicate copy. As no compulsion was applied to make
captains keep- these 1og bdﬁks, satisfactory detailled records

were obtained from ohly approximately 30% of the trawler fleet.

‘ ® 5090980000090

ANALYSIS OF DATA

TOTAL CATCH AND AVAILABILITY STUDIES

The survey of the Baynes souﬁd and Boat harbour lemonf
sole spawning grounds was conducted during January, Februafy,
.ahd March, 1946, Each of these months was divided into fort-
nightly periods and the catch and availability (average catch
per hour as calculated from pilot house log book records)
were determinedl for each period. Variatioﬁs 1h thé totéi"
6atch and‘aVailabilify per perlod will reflect major changés‘

in the abundance of lemon sole on the spawning gfounds. These

varlations in abundance will: also affect the pattern of tag



recoveries and must be considered when these recoveries are
used in a quantitative manner, such as in estimating the
fishing inteﬁsitles-or in interpreting mass movements of fish
‘to and from the spawning grounds. |

Thisisection deals primarily with the calculation ond
reliabllity of the figures obtailned for the total catch and
for availebility of lemon sole for each period., The effects:
of these factors on the fishing intensities and on any con-
eideretioh of mass movements of fish to and from the spawning
grounds are discussed in the appropriate sections.

Total Catch

The total landings of lemon sole for January, February,
and March 1946, were obtained from the records of wholesale
fish dealers in Vancouver and Victoria, The coverage of these
dealers was virtually complete; in each city the records of
only two small wholesalers who would handle only a compara-
tively smail quantity of lemoq sole were not examined. The
figures obtalned will represent approximatel& the total
‘amount of sole landed during this period, and are probably
the best estimate of the catch that could be made,

In every case the records examined showed the number
of pounds of lemon sole landed, the date, and the name of
the boat making the landing. A boat's catch would often be
diVidediemohg several wholesalers, Therefore theAdéta pro=-
cured from the wholesalers were rearrahéed and tabulafed to

/

show the total catch for each boat for each trip. From
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VieW?_WiPP”??§“1?Pt9{? f?9m:the skippers, and sometimes from
the composition gfvﬁhgvgapqugl9ne, the areas in which each
boat had fished were determimed. . . ..

_The three months, Jamuary, Februsry, and March, were divi-
ded into six periods of two weeks cach, and the total cstch
mede in each region for>ea9h“p¢riqdwwa§—fogn@,n A fortnight.
was fpund Po‘be ﬁhe mgst.sqitgb;éwpgrip@ tp_usevas"it f}ﬁﬁgd"
most nearly the sverage time between lendings for all boats,
thereby 1argely g}imingﬁ@pg tpgwngcessiﬁy of splitting a
landing betweenutwpradjacept'pe;}o@s?_ygt gti;}tbeing short
enough ﬁo_;hqw tienﬁsﬁin catch and gVailgbility: _

wThe caﬁch“in each region for each period is shown in

Table I1I below:

TABLE IIT
PHERIODS
I 11 ITIT v V VI
' {
BAYN"E e » P - Vo . ’ " N - e T . TS
SOUND 30,731 39,766 33,384 48,117 35,698 26,669
HARBQUR 12,448 21,775 38,494 15,568 715 1,302
Availability B

As was stgted earlier, in qrdgywto gpdgrgtgn@ the}pattern
of tag recovgyies}“an apalygié of total catph”rgéords andi.v
abundange ( avai;ability‘) ofnlempnlsgle fpy_eac@ pgriod wa.s
necessary. ”The mgphods gged_;n tha}ning total catch records

for each period were described in the preceding section., This
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section deals with the calculations of availability.

The availability (abundgnpe) of lemon sole for each
period is expressed as the.averageiweight‘pf‘lemon sole
takgn per hour's fishing, after_the data have been welghted
to compensate for distp;tions introduced by boats fighihg 2
for‘parts_ofva season and by the varying fishing efficiéncies
of the boats, |

The compupations qf availability are'based on pilot
house log book records. These :ecqrds_shpw.thg ngmber pf ;
hours fished'and the estimated ngghtvpf eaghAspegieg ﬁakgn 3
in each location visited during the day. Unfortunately, such
records were kept ponscieptiougly ahd cpntinugug;y'by gnly a
small_propo;tion of_the trawlers fishing'these :qgions.“
However, partial_recprds kept by:pgrtain boats Werg_foupq_tq
be sufficiently accurate to warrant their inclusion, Records
from the rgmainde; of the fleet were rgjepted becgusgdof‘.
appargnt_inaccuracies or omissions, such as the failure to
record the_numbgr pf‘hours fished., The calcula?ions for the:
Baynes spund region Were.ﬁhe:efore basgdvon the records of
two boats fishing for five.peripds, threg_boatsvfiShing for
two periods,‘and fqgr bpgts fishing_for one peripd;'and the
calculations for Boat harbqur Werewbased on'the :ecords of
three boats fishing fpr fiye or six periods, three boats for
»fpur periods, two boats for two periods, and four boats for

one period.
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The availability‘for a period cannot be calculated
directly as the average catch per hou:fs fiShingvdue to dis-
tortion»intioduced both'by boats fishing fo; only parts of
a season during‘which the availability Wéshnpt constanp,landV“'
also by the varying apparent fishing efficiencies of the boats.
These variationg in the gpparent fishing efficiencies of the
boats can be attributed to two causes; firsﬁ,“toAthe use by
ce:tain boats of better, more efficient gear hapdigd‘byusgyeri;
enced crews, thereby producing a real difference in_fishipg
efficiency; aﬁ? seqond, to ﬁhe method ofbiéqqrdipg the pOyrg )
fished each day, some boats recording only thg acﬁuallﬁime the
net was»in the_water and,others thg totalptimg_spentqu @he
grounds each day,_theieby pioducing an apparent difference
in fishing efficiengy.

Thgre.is, however, no reason Why'th@ catch_pf boats\fish-
ing only at the start of the season, when the availability
was high, shoulq influencevthe resplts more thgn the catches
of boats fishing only towgrds.the~en@"of the season when the
availsbility was obviously low, or why the catches of the
- apparently more gfficientAboats.shouiq influepqe thg conclu-
sions more than the catches ofﬁt@g less gffiqient b93?$3
regardless of the cause of this variation in efficiency.

These_distorﬁions were pgrtiy compensgteé for by ﬁhe_b..
introduction of two correcpion faqtois in Weigpting theldaﬁa.
These correction factors have been_called the period factor,

which makes a compensation for boats fishing for only parts of
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a season, and the boat factor, which makes compensation for
the different fishing efficiencies of the boats. The period
factors are calculated and applied first so that the boat
factors are, calculated from data weighted to eliminate fluctu-
ations-iﬁ ayallability. The boat factbrs'are then applied to
pfiginal,da;a so that the final-averages will reflect vari-
ations in availabilify but not vafiations prodnﬁed by dif-
ferent fiéhing efficiencies., These causes of distortion are
very similar to those for which Hart (1933) wished to compen-
sate in calculating the catch for unit of fishing effort in
the pilchard fishery. He cdmpensated-for distortions produced
by boats fishing for parts of a season by a method similar to
the application of the period factor, but corrected for dis-
tortions préduced by compéhies using equlipment of different
fishing efficienclies by cafeful selectién of companies repre-
sentative of the different fishiﬁg pollcies. As the records
of'ohiy‘a small number of boats were avallable, no such selec-
tion of'boats representative of different fishing efficiencies
could be made; therefdre the method of weighting by the boat
factor was used in qompensating for distortions of this type.

, Theée correction factors are caiculated and appiied in
the following msnner. The total catch and the total number of
hours filshed by\all béats in all perlods were determined,

From these ﬁhe seasonal'average catch per héur's fishing was
determined., The average catch per hour for each period was

found by dividing the sum of the catcﬁes of all boats in each
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period by the number of hours fished in that period. The
period factor, for each period, was determined by dividing
the seasonal average catch per hour by the average catch per'
hour for that period. The dally catches of all boats in a
period wefe then multiplied by the factor for that period.
By weighting the data in this manner compensation wag made
for boats fishing for only parts of a season.

| Next, the weighted_deily catches of: all boats in all
periods were}summed and the sum dlvided by the total nﬁmber
of hours fished dﬁring the season., This gives a weighted
seasonal average catch. per hour's fishiﬂg which is approxi-
mately equal to the unweighted seasonal average catch per ‘
hour. The weighted daily catches of ‘each boat in all periods
were summed and the sum divided by the total numPer of hours.
fished by that boat during the:season, to give a.weighted
seasonal average catch per hour for each boat. The boat fac-
tor 1s then found for each beat by dividing the weighted'
seasonal average catch per hour by the weighted seasonal
 average catch per hour for that boat, In the case of those
boats which fished for enly a few @ays during the season,
a collective correction factor was used. Thie was obéained
by pooling the daily entries of these boats and treating them
as a unit' The average value gso obtained would probably allow
a better correction to be made for the varying efficiencies
of these boats than would individual factors based on the

Vsmall catches and the few fishiné hours of each boat. The
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unwelighted daily catches of each boat were then multiplied
by the factor for that boat. The dally catches thus weighted,
~in each perlod, were summed and divided by the total number
of hours fished in that period. This gave an average catch
per hour'é fishing for each period weighted so that variations
gue to the different fishing efficiencies of the boats ére
largely compensated for but variations due to periodic fluc-
tuations in the abundance of lemon sole remain, These figures
are taken as representing the availability (abundance) of
lémoh sole in each period. They are shown in Table IV for the

Baynes gsound and Boat harbour regions,

TABLE IV
PERIODS _
I II III Iv v v
- BAYNES
SOUND - 144.2  182.9  164.3  148.7 127.0  76.9
BOAT
HARBOUR 150.5  140.4. 137.3 1146  61.3  13.4

It will'be noticed in the sbove table that:

1. In,BayneB gound there was an apparent increase in
availability during period III. The calculatiohé for this
period were based on the records of only one boat whose catches
per hour appeared consistently high throughout the entire

season. To determine whether this lncrease in avallability
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represents a significant increase or whether it was due to
only partial correction of the consiéfently high éatches

per hour recorded by this boat, the mean daily catches per
hour of this boat for period III were compared to its mean
daily catches per hour in adjacent periods. The method used
' was to estimate the standard error of the différences between
daily catches of, first, period III and period II, then, ‘
period III and period IV, on the hypothesis that the means
of the corresponding populations were equal. In both cases
the application of "t" teste showed that, were the means of
the populations equal, the differences observed could have
‘arisen by chance alone approximately 60 times out of 100.
Therefore the conclusion is that the increase in availability
in period III was not due %o an lncrease in the abundance of
lemon sole during this period, but rather to the reiatively
high adjusted catéhes which would obtain in such é case as
this.

2, In Ba&nes soﬁnd there is little variation in the
avallability until the end of period IV, after which it drbps
rapidly. |

3, In Boat harbour the availabili;y drops slightly
during the first three periods and then drops sharply during
the last three.

L, The marked decline in availability started in Boat
harbour about two weeks before it dia in Baynes sound.

5. The largest catches in both areas were made in that
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period immediately preceding the start of the marked decline
in availability.

The fact that the marked decline in availability in Boat
harbour started two weeks before it did in Baynes sound might
indicate that the spawning in Boat harbour was about two
weeks ahead of that in Baynes sound. This fact is also borne
out by actual observations of the spawning conditions of the
fish in these regions.

This marked decline in avallability is attributed to fish
leaving the spawning grounds father than to the large catches
made in the periods immediately preceding these declines,
That éuch is the case is shown by the analysis of tag returns

and 1s discusgsed in more detaill in that section.

SPAWNING AREAS

Evidence has been presented in other sections of this
report to show that the Baynes sound and Boat harbour regions
form two of the major, and probably the two major, 1emop gole
spéwning grounds in the gulf of Georgla. The evidence for
this.was derived from:

| 1. information obtained from commercial fighermen.

/2. .The total catches of lemon gole for the gulf of
Georgia made during the spawning season,

In this sectibn evidence will be presented to show that

spawnling does not take place generally throughout all areas

in these regions, but i1s more intense in certain areas than
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in others.

The data presented comes from two sources:

1. Observation of the sﬁage of maturity of the female
lemon sole. vHere sampled fish only were used as the estima-
tions of sexual maturity for tagged fiéhbwere not found to
be sufficiently accurate for inclusion.

2, An analysis of the returns of tagged fish recaptured
on the spawning grounds. |

Each of the two ma jor spawnling grounds 1is considered
separately.

l. The Baynes sound region

1. Observations on the State of Sexual Maturity

As was stated 1n the section on Methods, approximately
forty fish, selected at random, were examined from each area
on every trip. The spawning qonditions were observed and |
noted in the following six categories: 1. Immature,
i1, Maturing, 1ii. Ripening, iv, Ripe, v. Running, and
vi, Spent. Males were recognized only in categories 1, 1ii,
and v, Full definitions of these categories were given in
the section on Methods.
| In Table V are shown the numbér of lemon sole at each
of the above stages of sexusl maturity, found in the .samples
.;akén in the Baynes sound region. Where no entry appears for
a trip, insufficient fish were avallable for precise examina-

tion of the spawning conditions.



‘TABLE V
BAYNES SOUND

Areg - Date Pounds of Spawning Condition - Female Spawning Condition - Male
' Figh per o
Hour's I II III IV V VI Total I II V Total
Dragging . Female : ‘Male
Deep bay /1 200 9 5 20 0 1 1 36 1 0 2 3
12/1 100 10 5 14 0 0 0 29 1 3 7 11
18/1 150 . 11 6 15 1 2 2 37 0 2 2 L
24/1 200 11 1 16 2 1 2 33 1 1 5 7
28/1 100 6 1 20 2 0 5 3L 0 0 6 6
13/2 50 37 1 5 2 1 L4 50 0 0 0 0
23/2 _— 15 0 8 o0 1 18 L2 1 0 7 8
15-16/3 30 18 0 3 2 1 44 68 L o0 21 25
Fanny bay L/1 - 150 9 1 13 L4 2 1 30 1 0 13 14
12/1 100 5 2 12 2.1 1 23 o 0 17 17
18/1 200 kb 5 23 4 2 0 38 0o o0 2 2
24/1 . 125 12 2 7 5 4L 0 30 0 3 7 10
28/1 100 LH 0o 14 6 6 1 31 0 1 8 9
13/2 —— 18 2 14 4 5 8 51 0 0 3 3
Union bay 12/1 20 2 1 5 0 2 0 10 1 0 1 2
18/1 _— 7 0 2 L 2 o0 15 0 1 3 b
2L/2 —— L o 2 9 12 3 30 1 0 19 20
Comox bay 5/1 100 8 1 3 1 .0 1 14 6 00 6
- 12/1 60 13 6 17 0 0 3 39 0 0 1 1
, _ 17/3 85 4 1 0O 0 0 39 5l 2 0 2 L
Cape Lazo 5/1 100 1 4 2 0 1 o0 8 0 3 31 34
19/1 300 0 © 6 5 7 0 18 0 2 20 22
25/1 125 0 © 5 7 3 1 16 0 L4 19 23
29/1 150 1 0 3 5 10 1 20 0 0 20 20
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The points which are shown by this tabulation of the data
are: 1. The yield of figh per hour of dragging was -greatest
at capé Lazo, a little less 1n Deep and Fanny bays, and least
in Comox and Union bays. If lemon’sole concentrate in certain
areas to spawn the yleld of figh per hourt!s dragging will be
greater in those areas than in areas in which spawning is
less intense,

2. Ripe and running females were taken in all areas.

3. Giving considefation to th? fact that the Union bay
February 24th sample, in contrast-to the others, was taken on
the edge of the Fanny bsy area, ripe and running females can
be said to be least abundant in Comox and Union bays and
most abundant aﬁ'cape Lazo and Fanny,ba&. Deep bay was inter-
médiate.

b, The proportions of spent femalee are highest at
Comox bay and at Deep bay. At the latter place the excess
is great enough to be significant.

5. Chi-squared tests were applied to the data shown in
this Table to determine whether observed variations in the
proportions of fish at each stage of sexual maturity in the
various areas were significant,vor whether such variations
could have arisen by chance. If such variations are signifi-
cant, they would indicate that spawning is more intense in
certain areas than in others. The null hypothesis set up
wag that the proportions of fish at each stage of sexual

maturity in each area were independent of the area, Assuming
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that there is no association between the area and the number
of fish at each stage of sexual maturity, the numbers;of fish
lthat would be expected to ocqur.in'eabh cell of the_table can
be calculated from the marginal totals by simple proportions.
Of the correctness of this procedure, Simpson and Roe (i939)
state, "The numbers of observations in the two samples have
nbthing'to do with association, nor.have the total numbers
of observationé falling“into any'one category. The marginal
totals, in other words, have no direct bearing on association,
and 1n any specific problem they are to be taken as given and
immutable.® The chi-squared test iS'used, then, to determine
what the probability is that deviations from the‘calculated ANE
expected distribution equal to those observed could have risen
by chance in samples or populations in which the true propor-
tions were those indicated by the theoretical frequencies
(Simpsén and Roe, 1939).

The formula for chi-squared was:! chi-squared = §£§%§l§:
where x 1s the observed value and m 1s the expected value.
The number of degrees of freedom can be found by the formula
n=(r-1)(c - 1), where r is the number of rows, and ¢ is
the number of columns.in the contingency table; Fof the
number of degrees of freedom of the eXperiQent a high value
of chi-squared would refute thé null hypothesis.

In the Baynes'sound area tests were made on samples taken
.oﬁ éomparable.dates in Deep bay and Fanny bay, Deep bay and

cape Lazo, and Fanny bay and cape Lazo. In Table VI are shown
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the values of chi-squared and of P obtained for these tests.
In the last column of this table are shown the spawning

condi#ion c;asses which cdntributed most to the value of

chi-squared,
TABLE VI
‘ BAYNES SOUND .
Va}ue‘of " 7 Value Spawning condition cate-
Aresas chi-squared D,F,” of P. gory contributing most
to_chi-sguared value
Deep bay- oo ‘ ‘
Fanny bay 22,4912 5 L .01 iv, v, VI
Deep bay-~ | ‘ ' o :
cape Lazo 75,6834 5 L ,01 I, Iv, V
Fanny bay- T '
cape Lazo 29,4626 b L ,01 I, v

{In column 4, "L" indicates "less than")

As in some cases the observéd freéuencies in some cells
were small (be}ow 5),~¢9ntinuity(go¥rections were applied to
tion, Thisvadjustment may tend somewhat to underestimate the‘
significance, however in no case where a significant difference
was indicated by the unadjusted data, did the application of
this adjustment reduce the level of probability_below .01,
Simpson and Rge give thé following reason for making this
adjustment,."...the distribution of chi-squared is continuous,
while that of the freéuencies_in.a contingency table is
necgssarily discontinuous, The chi-squa?ed digt;ibption'is

approached as a limit by these discontinuous data, and if the
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frequencles afe not uhduly iow the approach is sufficientiy
close to give a valid estimate of P from chi-squared, but

this 1s not reliable if the values of the table are determined
‘largely by the very low frequencies in 1t." |

The adjustment is made by subtracting 0;5 from each

observed frequency that 1s higher than the theoretical fre-
quency, and by adding 0.5 to each observed frequency that 1s
lower than the theoretical frequency. The calculations of

the unadjusted and adjusted éhi-squares4are givén in Table

of the appendix, ‘In all cases the value of chi-squared
obtained was large enoﬁgﬂ, at the number of;degreesvof freedom
of the test, to indicate that ﬁhe_ chances of the observed
frequencies being drawn from the samé populations as the cal-
~culated frequency was less than one 1n one hundred. Further,
the greater numbers of ripe and running females. at cape Lazo
and Fanny bay and of immature females at beep bay contributed
-very.largely to the values of chi-squared obtained. Therefore
the proportions of fish to each stage of sexual maturlity in

an area 1s dependent upon the area. | ,
| The conclusion is that, though some spawning. takes place
throughout the whole region, it tends to be concentrated in
the areas off cape Lazo and Fanny bay. This is shown both

by the_greater number of ripe and.running females, and by

the greater yields of fish per hour'!s dragging taken in these
areas. The high'prOportion of spent femalesg in ‘the areas at

elther end of Baynes sound, namely, Deep and Comox bays,
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indicatesithat'fish captured there are moving off the spawning
grounds.' |

2. Evidence from Tag Recoverles

In Table VII are shown the-recoveries whose exact points
of.recapture are'donsidered‘reliable. The  areas of tagging

are listed vertically and the areas of recovery horizontally.

_ TABLE VII
AREA OF . -_,.v . AREA CF RECOVERY
TAGGING ‘
Deep bay Fanny bay Union bay Comox bay Cape Lazo

Deep bay 22 23 7 ‘ 0 1
Fanny bay 8 12 3 0 2
Union bay 1 L | 1l 0 2
Comox‘bay 5 8 5 | 2 2
Cape Lazo 1 0 3 1 | 15

It will be observed in thls table that:

1. Most‘tagslwere recovered in Fénny bay and that the
number recovered there is greater in each case than the number
recovered from the srea of tagging; This shows that there is |
a movement of lemon sole from both ends of Baynes sound towards
Fanny bay, the aréa of most active spawninngithin.Baynes

sound proper,
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‘2. There is a slight movement of fish in both directions
between cape Lazo and the aress within Baynes sound prOper}

As it seems falr to eaj that most of these fish would
be moving toward spawning areas, these recoverles of tags
put out during January support the belief7that'Fanny bay is
the main spawning area in Baynes sound. ‘

From the data derived from the state of sexual maturity
of lemon sole in various areas of Baynes sound and from the
recoveries of tags put out during January, the conclusion 1is
that the 1946 spawning was most plentiful off Fanny bay and
cape Lazo, However, conclusions drawn from one year only
cannot be applied too generally. For instance, one trawler
captain of long experience expresses the opinion that the
éreatest concentretion of spawning fish in some years at
least was in the southern part of Union bay adjacent to Fanny
bay.

2. The Boat Harbour Region

l, Observations on the State of Sexual Maturity

ﬂThe numbers of fish.found at each stage of sexual maturity
have been tabulated according to trip and. area and are shown
in Table VIII, The pounds of fish per hour's drag are aleo
shown in this table,



TABLE VIII

- : BOAT HAREBOUR . , ,
Area Date Pounds of Spawning Condition - Female Spawning Condition - Male
o Fish per ’ e ‘ '

_ Hour's , Total Total
_ Dragging I II III IV .-V VI Female I.II V Male
‘Boat 28/12/45 300 0 0 0 2 0 0 2 0 1 22 23
harbour 29/12 ~ Loo 0 1 o0 1 0 0 2 0. 0 11 11
‘ 7/1/46 113 0 0 7 5 2 0 14 0 6 26 26
15/1 — 0O 0 4 12 6 0 22 o 1 17 18 -
20/1 150 o 0 -1 ‘12 7 0 20 0 0 20 20
26/1 150 0 0 5 6 3 1 15 0 1 24 25
31/1 150 o 0o 8 8 10 1 27 0 0 13 13
Centre .8/1/u46 266 0O 0 9 5 1 0 15 0 0 25 25
drag 15/1 150 0 0 12 12 5 1 30 0 1 11 12
o 20/1 150 2 0 9 -7 8 1 27 0 1 12 13 v
26/1 150 0 0 14 13 8 0 35 0 0 5 5 s
4 ' 31/1. 60 0 0 17 5 1% 5 4 0 0 15 15 N
De Courcy 28/12/45 - 360 0o 0 4 L o 0 8 0 2 10 ‘12 ¥
island 29/12 - — 6o 0 8 1 0 1 10 0o 1 7 8_ - ‘
7/1/46 133 o o0 6 12 2 2 22 o 0 17 17
15/1 200 o 0 7 1 6 © 24 0 0 16 16
20/1 200 o 0 7 13 8 2 30 0 0 9 9
26/1 200 0 0 6 15 13 O 34 0 0 6 6
30/1 - 200 0 0 35 5 15 2 28 0 0 12 12
B “16/2 - 1 0 9 7 19 &4 40 0 0 10 10
Pylades 29/12/45 15 0 0 O 0 0 0 0 2 1 3 é
‘channel 8/1/46 L7 5 0 20 3 0 3 31 0 3 1 4
, 15/1 o) 1 0.17 3 0 2 23 1 5 10 16
21/1 80 6 3 7 0 0 2 18 3 1 6 10
26/1 50 6 0 4 0 0 0 10 "0 0.0 0.
o 30/1 75 5 0 8 2 3 10 28 0 0 L L
Porlier 30/12/45 200 7 0 13 .0 0 O 20 0O 0 o0 0
pess 9/1/16 100 26 0 10 0 0 3 39 0 0 0 0
/1 50 22 2 6 0o 0 O 30 1 0 0 1
20/1 20 7 4 0 0 0 1 12 1 0 0 1
27/1 5 19 1 o 0 0 5 25 0 1 0 1
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It will'be”noticed from-this teble that?
1. The yileld of fish per hour's dragging'was greatest"
- in the De"Gourcy"islénd,'gentre‘dragg and Boat harbour areas:
andaleast“1n°the‘Porlier'passrand'PyladeS‘chanﬁei areas.
Here agalin, 1if the fish are concentrating“in.certain areas
to spawn the yield per hour's dragging will be greatest in
those areas in which spawning 1is mos?t intensé.»

| 2, Ripe and running females were taken all over the
area except at Porlier.pass} They were next léast abundant
.at Pylades channel. |

3. Immatﬁre and maturiﬁg femalés.were most abundant
at Porlier paés'and next most abundant in Pylades channel,

4. The proportion of spent females is greatest in
Pyiﬁdes channel. This may be the result of an'accumulatién
of fish on grounds which are less.intensively fished.

‘5., Chi-squared tests.wefe applied to the data shown in
the table to determine whether the propdrtions“of fish at
eg¢h stage of sexual maturity was.dependent upon the area.
These tests were applied in thé same manner as they were to
the Baynes sound data. In comparing any two‘areas, only
- pamples taken on comparébieAdatés were'used.

The calculations of chi-squared are given'iﬁ Table
of the appendix, |
| In Table IX on the following page are shown the values
of chi-squared and of P obtalned for éomparisons_of areas

in the Boat harbour region.
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TABLE IX:

: BOAT HARBOUR : :
. Value of Value Spawning condition cate-
Areas chi-gquared D.F. of P gory contributing most
C N g to chi-squared value

Boat | . : i :
harbour- 1.5370 5 .95 ————

De Courcy . .+ - - .90

island ‘ :

.Boat o

harbour- 11.1730 5 .05 III, IV
centre ) .

drag -

De Courcy o - _ '
island- ’ 13.9332 - 5 - 01 III, IV
centre ' oo

drag

. Boat ‘ - R

- harbour-: oL 4268 5 'L .01 v, v, I

. Pylades . = = .

channel

Centre : _ ‘
drag- - 72,9966 5 1 .01 . Iv, v
Pylades -

channel

Boat »
harbour- =~ 147,.5715 5 L .01 Iv, v, I
Porlier v

. pass

Pylades .

channel- Ly Lésy . 5 L .01 I, III, IV
Porlier :

ags -
EIn column Q;A"E“-indicatesf”less'thaﬁ“)

These chi-squared tests indicate that:
1.  The distribution of sexual conditions were about the
same at Boat harbour and De'Courcy igland,
| 2. The above two areas differed significantly from
centre drag in their smaller proportion of ripening femaples
and the larger proportion of ripe females.
3. Running females appeared to be fairly evenly distri-

buted in these three areas.
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L., The distributions of sexual conditions in Pylades
channel differed significantly from. the distributions in
.other areas. The smaller number of-ripe and-runniné females
found in this area, as compared to Boat harbour.or centre 
drag, caused most of these differences. The smalier number
of 1mmature.females'and‘thé relatively greater number of
ripening and.fipé females found here cauéed:most of the
differencé in Pylades channel-Porlier péss test..

5. Porller pass diffefed significantly from all other
areas. The large number.of immatﬁre females and fhe gm511 
number of matﬁring ahd mature fish produded the§majo; portions
of the differences observed, |

~ The conclﬁsion is that, though gome spawning takes
| place throughout the whole of this reglon with the.exception
of Porliler bass, it tends.to'be most concentrated in the
areas of De Courcy island, Boat harbour, and centre drag.
' This 1s shown by the greaterfnnmbérs of ripe and running
females found in these areas. The iack“of.ripe.and“running
females in Porlier pass 1ndicates.that no spawning takes
'place.there. | | |

2. ‘Evidence from Tag Recoveries

- In Table X are shown the recoverlesAéf tags from the

Boat harbour region,



TABLE X

AREA OF | . AREA OF RECOVERY
TAGGING ' -
) Boat - Centre De Courcy Pylades Porlier

harbour drag igland channel pass
Boat harbour 22 0 6 .0 .0

: Gentreﬁdrag A 31  1 3 0 L0 -

De Couroy7island 34 1 7 0 6
Pylades channel 20 0 b 0 o
Porlier pass = 14 0o 0 0 7

Only those tags returned by fishermen who were donscien-
tious in giving.complete and relieble tag recovery déta haﬁe
been included in this table. These fishermen, however, do
" not discriminate Eetween thé three_areasmlxing.écfoss the
top of Stuart channel, which have for convenience been called
‘Boat harbour, centre drag, and De Courcy island, but refer
to them all as Boat harbour. This.eip;ains_why_most‘tags
were recovered apparently iﬁ the Boat harbour area. For -
those tags liéted as being‘:ecovered in centre. drag or De
Courcy island, the actual points of. recovery. have_ been defié\
‘nitely established. .

From this table it will be observed that:

1l.. The large proportion»offrecoveries'of fish tagged
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‘1n“Pylades channel were recovered in the three areas“iyingv
across the top of Stuart}channel. _Thié,would 1ndicate a
definite movement of fish from Pylades channel into the top
of Stuart chaﬁnel. Theré 1s no evidence to show whether or -
not a reverse movément took place, for there wag;little, ir
anm'fishing done in this area.

There is some evidence from tag recoveriea to show
that the fish in the three areas across. the t0p of Stuart -
channel mix quite freely. |

3. The number of recoveries of Porller pass tags in
the three Stuart channel areas and of tags from these areas
in Porlier passlindicate a definite mqvement of lembn sole
between these areas.

As in this case it again seems. fair to sa& that @ost of
.thé f1sh would be moving_towards,Or away. from. (in the case
of tags recovered 1ﬁ Porlier pass). the spawning grounds, the
evidehge from these tag returhs suppérﬁsythe.cgnclusibns |
reached on the bésis.of,the evidence_deﬁiVed.ﬂrom_the examl-
nation of the state of gexusl maturity of fish in the various
areas., |

Therefore, the conclusion 1sﬂghat; in the Boat harbour
region, the most intense épawning occurs ih the three areas
lying across the top of Stuart channel. Some spawning takes
place in Pylades chaﬁnel, but it is less_.intensé than that
in.the above three regions. No spawning’takes.ylaoe in the

Porlier paés area,
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- DURATION OF -SPAWNING -PERIOD

in:determiningfthe"duration‘of"the spawning season, and
in followlng the intensity of the spawning, during January
- frequent samples were eaken from all areas.in both regions.
However, during February and March unfortunately only a few
samples were taken at irregular intervals and from certain
areap only. The examination of‘fhe ovaries of the fish
taken in these samples gave soie indication of the duratlon
offthe epawning season and of_fhe period of peak spawning.
Aithough not all the'mature females. on the grounds were found
te‘be actively spawning fish, the proportions.of ripe and
running fish 1ncreaséd.as the season progreseed, The number
of ripe and running‘females, and of running females only,
exﬁressed,as_a.percenfage of the totalvnumber‘of females in
a sample were the criteria used in estimating the period of
peak Spawning. These data are shown 1n Table XI for the
Baynes sound region and in Table XII for the Boat harbour
:eg%on. In the first three columns. of these tables the
pereentege of ripehand.running females and the percentage
of‘funning females‘only; are shown for the three areas in
which spawning was most intense, in the fourth column the
percentage'of ripe and running females and of running females

only, taken on each trip are shown,



PABLE XI

BAYNES SOUND

,»Déepjbayz,;.v

Trip No., Date _

.. (1946) Sexual Condition
IV&V VT & S

. Fanny-bay: =

_Cape'Lazo-

Total for Trip

Sexual Condition

Sexual Cohditioh

Sexuaiiabndition
IV&V VT & S

1 L/1
2 12/1
3 18/1.
b 24/1
5 28/1
6 13/2
7 23/2
8 15/3

2.8%
8.1%
9.,1%
5.9%
6.0%

2,48

boug

1.3%
5.4%
8.8%
1.4

' 3.4%
1.5

IV&V VT&S

20.0%
13.0%
15.9%
30.0%
38.7%

17.6%

L.o%
3.8%

5.5%
13.0%

15.6%

8.1%

IVE&YV VT &S

12.5%  16.6%
66.6% . 26.6%
62.5% 21.9%
75.0%  140.0%

- g

- .

- an =

" 34,0% 16.0% W

©10.2% 3.9%

5.0% 2.1%
25,04. 10.6%
27.0% 12,1%

12.0% 8.1%
30.6% 16.5%
2,55  0.8%

Columns marked V.T & S8 refer to the runnlng femsles found among the fish tagged and

the fish sampled considered together for each trip.

Columns mgrked IV & V refer to ripe and running females among sampled flsh only.



TABLE XII .
BOAT HARBOUR

- Boat Harbour Centre drag De Courcy Island Total for Trip
Trip No. Date : ' '

Sexual Condifion Sexual Condition Sexual Conditien Sexual Condition

IV&V VT&S IVE&YV VT&S IVE&V VT&S IVE&V VT&S

1945 - o | , '
A 28/12 ----- Y SR — e R - 36.0% 6.0%

1946 | | | 5 '
~7/1  50.04 22.7%  40.0%  20.0%  63.6%  3b.4%  36.6% - 26.8%

15/1  81.8% 66.6%  56.7%  31.8%  70.8¢4  10.08  55.5%  25.0%
20/1 95.0% 69.2%  55.6%  33.3%  70.0%  33.3%  57.8%  31.5%
26/1 60.0%4 23.04 60.04 32.06  79.06  56.5 54,24 31.3%
31/1 66.6% 22.2%  46.0%  36.0%  75.04  6L.1%  56.8%  31.8%

16/2 ememe e e eem 65,08 70.5%5  65.04  70.5

o FWoN

Columns marked V. T & 8 refer to the running females found aemong the fish tagged and
the figh sampléd conslidered together for each trip.

Columns marked IV & V refér to ripe and running females among sampled fish only.
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" Purther indications concerning the duration of the spawn-
ingfseasoﬁ“in"each'region"can‘be obtalned from the figures
for availabiliﬁy (average'catch per hour) for each period.
Bayneg sound region : : : ) X
From Table XI it will be noticed that? |
1, Some ripe and running females were found at the
_start of the perlod of investigation.
2. The pefcentage of ripe and running females. increased
steadily up to the end of January. i
3. The percentage of ripe and running females in the
samples taken on February 15 and 23 are of the same order
as those for saﬁples taken at the end of January.
L, The percentagesjéf,ripq and running females in the
samples taken on M;rch 15 and 16 are small.
5. The percentage of spent females in the samples increased
steadily during the whole period under consideration.
 From the above data the conclusion 1s that the period \
of peak spawning in Baynés,sound_in_1946 was.rOﬁghly from
‘about January 24 to Eebrﬁary 23, though some spawning took
place in the first part of January and in March; Spawning
probably reached a peak slightly earlier in the cape Lazo
area. In thls area considerably fewer immature and maturing
femeles were found and hence the‘percentéges shown in Table XI
are higher than for other. areas in Baynes sound
The decllne in avallability (see Table IV, page 16) from
period V (March 1 - 15) to period VI (March 16 - 31) fndicates

‘that the fish are leaving the spawning grounds at this time
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and lends further  weight to the concluslon that most of the

spawning is completed by March,

Boat harbour region

"From Table XII 1t will be noticed thats

1. The percentages of ripe and running females and
of ripe females only in the sampleS'from'this7regiop were
congiderably grééter'than'1n'the'BayneS'sbundiregion. This
is because, in the Boat harbour region, few 1mmatufe or
maturing female lemon sole were fouhd_as compared to the
numberé found in Baynes sound.,

2. BSome ripe and running females.were.founé at the
start of the investigation. |

3. The percentage of ripe and running females. increased
stéadily'throughout Jangafy, possibly reaching a peak ébout
the end of January. |

4. Not enough samples were teken after the end of
January to follow the course of the spawning beybnd,this date.

On the basis of these dafa the conclusion 1is that peak
period of spawning in Boat harbour starts about January 15
and continues until the end of January, and probaﬁly into
the first part‘of February.

" There 1s a marked decline in availability (Table IV,
page 16) in the Boat harbour region from period IV (February
16 - 28) onwards. This would indicate that the fish start
to leave the grounds about the middle of February. This

supports the belief that most spawning 1s. completed in thils
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mlddle of that month., B8Spawning is completed a little earlier
in the Boat harbour region than in the Baynes sound region,

-

FISHING INTENSITY

In Tables XIII and XIV are shown the returns for each
period of fish tagged on each trip made to the Baynes sound
and Boat harbour regions respectively. At the foot of each
table is shown the unadjusted fishing 1ntensity'for that

region; as indicated by these returns.

TABLE XTII

BAYNES SOUND
TAGS RECOVERED

Trip Date Tags
No., (1946) Used

Periods - Tags

- _ _ _ Reco-
I I1I III IV v Vi vered
Jan, Jan. Feb., Feb. Mar. Mar. After
_1-15 16-31 1-15 16-28 1-15 16-31 ~ Mar.31
1 Jan. 7 160 11 17 14 13 2 1. - 3
2 Jan.1l2 110 4 13 9 1 3 1 5
3 Jan.18 137 - 1 1 9 7 1 2
4 Jen.2% 144 - 7 18 21 9 1 .
5 Jan.28 130 - 5 8 19 5 2 6
6 Feb.13 39 - - 0" 9 4 0o 2
7 Feb.23 9% - - - 5 9 0 5
Total 814 15 56 60 90 139 6 27
Total no. of tags out = 814, Total no., of recoverles = 266

~Fishing intensity %%% = 32.7%

-
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_ TABLE XIV
BOAT HARBOUR

TAGS RECOVERED
Trip Date Tags — '

No. Used N _
Periods ‘Tags
L : - Recovered.
I II III IV v VI After
Jan. Jan. Feb. Feb. Mar. Mar. Mar. 31
1-15 16-31 1-15 16-28 1-15 16531
A Dec.28 425 5 26 12 7 4 4 17
- 31 ' :
1946 : ,
1l Jan., 7 293 0 20 13 2 ”3 1l 13
-2 Jan.l5 160" 0 17 11 3. 0 0 12
3 Jan.ZQ 150 - 12 13 6 0 1 14
4 Jan.26 120 - 8 9 2 2 1 10
5 Jan.,30 120 - O 2l 6 i 1 9
6 Feb.16 49 - - - 2 2 3 2
Total 1,227 5 83 82 28 15 11 77

No data on 7 recoveries: 5 from trip A, 1 from trip 1,
1l from trip 3

| Effective number of tags out = 1,220,

Total no, of reooveries = 301

Total no. of recoveries to end of March = 224.
Fighing intensity:

Trip A includedy _224 _ 18,.3% oo
- 1,220

Trip A excluded: 166 = 20.8%
‘ 800
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' The sum of tag retﬁrns, from every tagging operation,
expressed as a percentage of the number of fisgsh tagged, has
been termeé the fishing intensity. This will represent only
approxiﬁately the true fishing mortality, thét is, the rate
at which fish are being removed from the grounds by the
fishery, because of the effects of!

1. Natural mortality.

2. Tagging mortality.

3. Loss of tags from live fish onAthe grounds,

4, Loss of tags after recapture énd before return.

5. Emigration of tagged fish.

6. Immigration of untagged fish.

These .slx factors all tend to reduce the numerator of
this expression, ieaving the denominator unchanged; the first
three and the last two by reducing the number of live tagged
fish on the grounds available to the flshermen, and the fourth
by reducing the actual number of tag returns received., For ‘
these reasons the fishing intensity, as indicated, will be
less than the fighing mortality rate.

As no data are avallable on which to evaluate the extent
of the effects of any of these factors in the estimated fish-
ing 1ntehsity, only the following general assumptions of their
possible effects can be made:

1., For the comparatively short périod under consideration
the effects of natural mortality and the loss of tags from
fish on ﬁhe grounds will probably be small and could safely be

‘ignored.
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2. Tagging mortality.may.possiblymhavemreduéed the true
fishing inﬁensity considerably. The mortalityhincluded under
| this headlng could arise from two sources:

1. Injurles received when.the fish are
caught, produced by the pressure of the fish,in“thé net or by
abrasions from the web. \

2. Injuries and infections produced by
tﬁe tagging operation, | . |
Ir tégs are eilther too tight or too loose they are liable to
chafe and cause open sores which could conqeivably”cause the
death of the fish. In tagging every efforf was made to mini-
mize as far as possible the effects of inJjurlies from these ‘
sources; only apparently uninjured~fish were taggéd, and the
~ tags themselves were carefuily_put on,

3; The loss of tags after recapture and before return
remains a source of error that cannot be ignored and whose
possible effect can only be approximately assessged. Some tags -
might have béen lost through the indiffereénce or.carelessness
of fishermen or cannery employees,,but'thismnumber in 211
probabllity is small as evefy effort was made to. impress on
those handling lemon sole, the desirability of returning tags
promptly together with the pertinent recovery data.

The method of expr;ssingfthe returhs as a percentage
of the total number of fish tagged introduces another sdurce

of error which would also make:the indicated intensity some-

what lower than the true fishing intensity. The calculation:
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of the fishing 1ntensiﬁy 1s based on the assumption that all’
the tags were out at the start of the season and hehqe all |
were affected equally by the fishery. In”reallty, the tags
were put out during the course, of the fishing season so that
those fish‘tagged towards_the close. of the season did not have
as much chance of being caught as those tagged at the start.
This error'can be corrected by welghting the data so that
all tagsvappear to have an equal chance of recovery. The
method used was suggested by Dr, J. L. Hart and is described
below. B |

Table XV shows how the calculations were made for the

Baynes sound region.

TABLE XV
BAYNES SOUND _

Column 1 Column 2 Column 3 Column L
Period Tags used Tags recovered Fish still Column 1 x

to be Column 3

caught —

I 270 102 242,681 65,523,870
11 411 137 199,696 82,075,056
III 39 13 | 155,093 | 6,018,627
Iv o L 105,398 9,907,412
‘Totals 814 266 702,868 163,554,965

Total Column 4 _ 163,554,965 _ 200,927 (Recovery susceptibility
Total Column 1 = - 814 = factor)

Total Column 2 x Total Gaﬁchv; 266 x 261,420 _ 46

Recovery susceptlbllity factor 200,927 3

 Adjusted Fishing Intensity = g-%é; = 42,58
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Fish were tagged in the first four periods only. The
total number tagged in each period is shown in Column 1, In
Column 2 are shown the number of recoveries made during the
whole season from each period's tagging;'yThe number of_pounds.
of fish caught from the mid point of each perlod until the
end of the season was calculated and tabulated in Column 3.
Column 4 shows the product of Column 1 and Column 3. Each
column was summed and the sum of Column 4 di&ided~by the sum
of Column 1, This gives a factor which represents the gsuscep-
tibility of é tag to recovery. The sum of Column 2 mulﬁiplied
by the total catch for the season and divided by the above
. factor gives the total number of tags which would_have been
recovered had all fish been tagged at the stért,of the season,
This number expressed as a percehtage of the total number
of fish tagged represents the adjusted fishing intensity.

The catch per perlod is expressed és”occurring ét the mid
point of each perlod and the tags’as,if ﬁhey were all ous aé
the start of a period. The error introduced by. this procedure
will be small.

Before being used, the figures for the total catch for
each.period were adjusted so asfto'represeht more nearly the
taggedAPOPulation._ EishAof lesse than 11-12 inches in length
are not accepted b& the canneries, so any sméller fish caught
are usually returned to the water by the fighermen. However,A
as random samples of the catch were taken for tagging some

fish of less than 290 mm, (11 inches) were tagged.
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Figure 1 shows the length frequencies of fish in the
BaYnes sound fegion; 290 mm. was taken és“represenping the
dividing line between those fish,whichhwould be accepted by
the canneries and those which ﬁould not. From this figure
it was estimated that 82% of the fish were longer than 290 mm.
The catch for each period was,mulﬁiplied by 100/82 = 1,22,

Figure 2 shows the length frequencles for. the Boat
harbour region. Here 84% of the fish were longer than 290 mm,
and therefore the catches from this region were multiplied by
1.19. ‘, | |

Table XVI shows the weighting of the tag returns for the

Boat harbour.}egion.

TABLE XVI
N . BOAT HARBOUR 3
Column 1 Column 2. Column 3 Column &4
Perlod Tags used Tags recovered Figh still Column 1 x
to be Column 3
caught _
A UL2s _ 58 107,502 45,688,350
I - 363 70 100,092 36,333,396
II 390 | 89 79,722 39,091,580
III _— , U
Iv 49 -7 11,670 571,830
Totals : o
(Period A _
included) 1227 22 298,986 113,685,156
Totals :
(Period A

excluded) 802 166 191,484 67,996,806
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Period A included:

Tobal Column Iy _ 113, 685 ,156 92, 653 (Recovery susceptibility
Total Column 1 — 1,227 = factor)

‘Period A excluded.

‘Total Golumn k4 _ 2. 996,806 _ 8 ooy (Recovery susceptibility
Total Golumn 1 — 802 = °% factor)

Period ‘A included: -

Totel Column 2 x Total Cateh ° - 224 x 107,502 2 _ 260
Recovery susceptibility factor — 92,683
Period A excluded’ S

Totzal Column 2 x Total Catch _ 166 x 107,502 _ .,
Recovery susceptibility factor — 84,784 =

Perliod A included:

Adjusted Fishing Intensity: _260 _‘21.2%'

Perlod A excluded: o
Adjusted Fishing Intensity: 210 _ 26.2%

In this area a tagging was carried out during.the_last
three deys of December, 1945; this is referred to as Period A,
In weighting the recoveries from thiswfagging, the total catch
for the season has been used, as no cétch.statistics were
availébie/for December, 1945, fhis,introduced an error of
5% in the adjusted fishing intensity. The results including
and excluding this sample are given in the table. -

From Table XV and Table XVI 1t will be seen that the
adjusted fishingmiﬁtensity‘for the Baynes sound and Bosat
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harbour regions are 42.5% and 26.2% (trip A excluded)
respectively., The corresponding unadjusted percentages are
32.2%4 and 20.8% (trip A excluded).

The fdregoing has been an analysis of the recoveries
made during the 1946 spawning sesson. For comparison with
these are the recoveries made during the 1947 spawning season
in the Boat harbour region. These reﬁurns cover the months
"of January and February only, as on March 1 the otter trawler
 fishermen went on strike. Unfortunateiy no complete 1947
returns are available for the Baynes sound region as parts
‘of this region were closed to trawlers in May, 19b6j A1l
the major fishing areas with tﬁe exceptlion. of cape Lazo were
affected by this rullng.

In Table XVII and Table XVIII the tag returns .from
January, 1946, to January, 19&7,.are shown for the Baynes
sound and Boat harpour regions respectively, Fish tagged
in the Boat harbour region were not all recaptured in that
ares; those returns marked with an asterisk were captured 1n
‘other parts of the gulf.

TABLE XVII
BAYNES SOUND

Trip ° 1946 © 1947
No. Jan. Feb Mar. Apr.May June July Aug,.Sep.Oct .Nov.Dec.Jan.Feb,

1. 28 27 3 3

2 17 23 4 3 2
3 14 20 8 1 1

L 7 39 10 4

5 5 27 7 3 1 1
6 - 9 L4 2

7 - 5 9 & 1
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- TABLE XVIII
o BOAT HARBOUR }
Area K 1946 o S 1947
and

Trip Jan.Feb.Mar.Apr.May June July Aug. Sep Oct Nov.Dec.Jan. Feb
No.

S —

A S , A
Boat 30 15. 3 1lp 1k lp. 1p 2p 228 1 1p 8 2
hor., . 1K 3p 4 1k 15 1z Lhx 1p
Por- , : -
.lier 1& 3D 1p- 1k : 1p lp 2b

1 ) -
Boat 16 12 1 2K lp 2p 1p 1& 1 6 2

- hbr. lp 2% 28 1k

Por- 2b 3p 1k 3p 2p :

lier 1b

2 N .
Boat 16 11 ' 1% 2k 2p 1lp. 1k 1A 1 3 5
hpr. 1k 1% 2K
Por> - 2p 2p

lier 1b

3 ,
Boat 13 11 1 1p 1 . 2p. 1 lp 1 248 1
hbr. 1 . 2K 2%

Por- 3b 1k 1 1k
lier 5p ‘ 1b

L4 , ,
Boat 8 11 2& 1p lp 1p 24 1 1a 3 2
hbor. .1 1k , 1p
. 1k

5
Boat 30 3 1x 1x 2p. 1lp 1k 1lp 1p
hbr, 2K , 1k

6 ‘ B | o
Boat 2 1 ' 1p 1k 2 1
hbr. 1p 2K

3R '

KEY: Numbers with no symbol after them are fish tagged and
recovered in the Boat harbour areas.
p - recovered in Porlier pass.- as
X - recovered in an area other than Boat hbr. or Porlger7

b - recovered in Boat hbr., applicable to fish tagged at
Porlier pass only.
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During January and February, 1947, 58 tags were recovered
in the Boat ﬁarbour_region. This represents 6.3% of the tags
remaining unaccounted for at that time. During the same
- period in 1946, 198 actual recoveries_were made. By weighting"
these returns so that all tags appeared to be out at the start
of the fishing season, the effective number of recoveries
becomes 230.W.Th13 represents 18.8% of the tags,out at the
startvof the season, Thus there iq_a very marked drop in thg :
1947 recoveries as compared to the 1946 ones. The'following
factors account for this drop: |

1. Tagging mortality. This factor will reduce the 1946
and 1947 returns by approximately the same amount prov%ded
the mortality occurred shortly after tagging. Howefer, if
gorle mortality caused by tagging ocburred.aﬁter March, 1946,
~then the 1947 returns will be reduced in comparison with the
1946 returns. A number of tagged fish recaptured about this
time shoﬁed sores produced by the tag chafing. If these’
sores lead to the death of many fish, then tagging mortality
would reduce the 1947 returns asmcémpared to the 1946 returns.

2. Natural mortality. During the short period under
consideration in 1946, the effect of natural mortality will
probably be negligible, However, during.the remalnder of the
yéar\this factor will not be negligible and will reduce the
percentage of 1947 returns in comparison to the 1946 returns.
This is probably the most important factor.

3. Fishing intensity. Provided the fishing intensity
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remains unchanged, this factof~will not affect the percentage-
returns. However, if the fishing intensity was less during
1947, then it will reduce the percentage returns in 1947 as
compared to 1946,

L, Fallure of fish to return to the spawning grounds.
If not all the fish taggéd in 1946 returned to the'épawning
‘grounds 1in 1947, the percentage returns in 1947 wili,be less
than in 1946, This factor should be considered, though at
the present time no data:ignavailable on 1it.
| As no adequate estimate can be made, on the basls of the
détawavailaéle, of any of the probable effects.of any of these
"fouf factors, no attempt has been made to‘determiné_the total
mortality rate or the fishing mortality ratés on the basis
of returns for these two years. A very rough determination
could be made by plotting the logarithms. of the numﬁér of
returns made in Januarj and February of each yéar against the
Year of return and extrapola;ing_the”line to zero time; .
however, such an estimate would'be too inaccurate to be of
.any practical value,
Growth Rates -

‘ The data from the 1947 tag returnsufbrm a basls on which
an estimate can be made of average annual groﬁth_inorement of
fish in the Boat harbour fegion. Tagged.fiéh‘are,measured
on tagging and on recovery, and, provided bbth_these are accu-
rate, an estimate of the amount of growth can be made,

{

In determining the accuracy of the recovery measurements.
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the criterion used was that, 1f a fisgherman recorded some of
hls measurements to an'eighth of an ineh, then all the measure-
ments made by him were considered accurate. The recovery
lengths in inches were cénverted to millimeters. The lengths
of the lemon sale at time of tagging were plotted agalnst the
corresponding lengths at time of recovery, and a straight llne
fitted to fhe points by the method of least squares.

(Figure 3). From this line the average growth in a year: of
fish between 250 mm., and 425 mm. can be obtalined..  This line
.shows the average amount fish between 250 and.425 mm., increase
in length a year. The average of these length increments will
represent the average annual length increment of fish in the
Boat harbour region. This was found to be 23.5 mm.; the range
1s from 27 mm., for fish of 250 mm. to 19 mm. for fish of 400 mm,
If thié yearly increment ;s expressed as a percentage of the
length of the fish in 1946, the result is the average annual
percentage growth rate for fish of that 1ength. This varies
from 10.8% for fish of 250 mm. to 4,5% for fish of h2§ mm,

-It should be pointed out that the sampling here is not random
in that aﬁong the smallér,fish_taken for tagging, there is
probably definite selectlion of individuals whlich have hitherto
grown more rapldly and hence have entered the fishery younger
than others in their age classes. How this”ﬁore rapid early
growth affects their subsequent growth history is not known.
Assuming, then, that the mean of the lengths plotted represents
‘the mean length of the fish in the population, then the
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average annual percentage growth rate at thisnmeaﬁ length will
be the closest estimate, under the cifcumstances, of the
average annual percéntage érowth rate of the population. This_‘
value is 7.3%. The annual percentage increase in length can
be converted to the annual-percentage inerease in weight in
the following manner:

The.approximaﬁe'relation§hip between the length of a
fish_and its weight is given by the formula: W # kLB, where
W is the weight, L is the length, and k is a constant, often
referred to as the coefficient of condition or the Ponderal
index.

_ 3
Wn = kLn

Now the length in year n + 1 will be: Ln¢1 =L, ral,,
where g is the average annual rate of increase in length.

Therefore, weight in year n .+ 1 will be ’ \

W )3

n+l=k(L

n+1
3 2 2 3)
= kiLn # 3L (al,) gLn(aLn) + (aly)”y

Now the terms containing powers_bf aln greater than one

are sufficiently emall to be ignored .in a rough calculation.

Therefbre:, _
- k(13 - 3aL3
W q = k(L - 3alq)
NOW H kL3 - W, .
n n

Therefore: w_ = Wh + 3all,
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"Now, the welght 1in tie year n + 1 will be the weight in year

n plus annual welght increment.

Therefore, zg represents the annual rate of_iﬁprease in weight,
and so the annual rate of lncrease 1in wéight'is roughly three
times annual rate of increase in.length.

Therefore, the average annual rate of increase. in weight of

the lemon sole in Boat harbour is 21.9%.

Discussion of Fishing Intensities

When the intensity of a fishery has been determined the
problem-arises as to whether this intensity is too great to
maintain the fighery at its present level of abundance. Is
the annual‘rémbval of fish by all causeé'balanced by the annual
recrultment? Or, putting this in another way, is the intensity
of the fishing such that the number of mature fish left on the
grounds‘annually large enough to produce a sufficient number of
young fish to balance the annual removal of fish at the time |
when these young fish enter the'fishery? A second, and
assoclated pfoblem, also arlses, namely, is this intensity
one which will maintaln the fiéheﬁy at its most productive
level? '

"It has been shown by many wofkers (Baranov,l918, Russell
1931, Thompson and Bell 1934, Thompson 1937)'that a. fishery
may be stabilized at maﬁy different levels of yield, but that
‘there is an optimum yield which takes full advantage of the

maximum growth‘of the population,

No real attempt can be made to answer either of these
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QuestionSjoh the basis bf?the-data presentgﬁ in this report.
- To solve these‘problems;‘thé»total annual mortality'ratés,
the annual recruitment, and the annual growth rate must be:
known. The estimation ofithe'annual recruitment and also
of thé growth rate are best &etermined"from"studies of the
age distributions of the population. Such age determinations
are outside the ScOpe'Of.thiS study. Growth rates can,'however,
be'determiﬁed from tag returns provided accurate measurements
are taken of the lengths of all tagged fish‘atmtheitime*of
recapture, and provided these flsh were recaptured after a
long enough period to permit an estimate to be made of the
annual amount of growth ag fish do not grow at aAconstant
rate thréughout~the year., Any estimate of the annual growth
rate baéed on the increase in iengths shown by fish at freedom
for less than a full year is liable to be inaccurate.

f Thirty-five éags recbvéred in'Bqat.harbourﬁin January
and February, 1947, satisfied the above conditions, and on
this basis the mverage annualAincrease in weight was found -
to be 21.9% for lemon sole in that reglon.’

The annuél seésonal eipectation of death (which includes

both fishing and haturalvmortality rates) can be determined
| from either the age composition of the population, by the
methods used by Baranov (1918), Jackson (1939), or Ricker (1944),
or from the returns.df tagged fish. Methods based on the sge
composition of the stocﬁ are not discussed further because;

as has been stated, age determinations are outside the scope

of this work.
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Several methods using tag returns have been evolved:
Ricker (1945) gives two methods, the fifst.based on the‘tagging_
of fish in two sucdessive years prior to the start of the
fishing season, and the .comparison of the returns-in the
'gecond year from each year's tagging. The survival rate
(complement of the mortality rate) equals |

(year 1 recaptures)(number marked year 2)
{year 2 recaptures)(number marked year 1)

His second method makes use of f;sh fagged throughout the
season instead of Jjust prior to the season. To use this
information certain ésShmptions;were‘ma&é: |

1. That the seasonal distribution of marking was the
same throughout both éeasons. ,

2, That the total mortallty rates were the same 1n both
yeers and the same for the whole of the ranges of sizes studied.

3. That all the year's mortality (natural aﬁd fishing)
takes place during the time'markihg goes on and that the
seasonal dletribution. of mortality of both gofts. parallels:
that of the merking.

Thompson and Herrington (1930) and Hart (1943) uge a
method based on the tagging of fish during a season and the ?
analysis of the recoveries_made_in sﬁccessive seag&ns. _Théy
assume that the total annual mortellity rate is represented
by the decline in actual numbers of returns -each year, provided
that the mortality rates and fishing efforts are constant

from year to year, and that tagged fish, after recovering
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from the initial shock.of handling, dle at the same rate as
the untagged fish, Thompson and Herrington obtain an estimate
of the fishing mortallity rate by extrapolating'to zero time
the line formed by plotting the logarithms of the yearly
returns (expressed as a percentage of the tags avallable at
the start of the year) agaihst the years. of recovery. Then,
by assuming that their tagging mortality 1s hegligilble, théy
calculated the natural mortality from the total annual mortali-
ty and the fishing mortality. Hart finds the aﬁnual mortality
raté from the slope of the line formed,by plotting the 1ogé-
rithm of the tags recovered against the year of recovery.

None of the methods outlined above isAsuitable for
calculating the mortality rates of lemon sole in the Bayﬁes
sound And Boat harbour regions as tagging‘waslcarried out
for onl& one year and_as complete returns are avallable for
.one year oniy. Theée methods also cannot be applied to |
determine mortality rates.from the tag returns forﬂsu¢cessive
 two weekly periods because:

1. The mortality ratés and fishing”effort cannot be
assumed to be constaht from periéd to period;'this is shown
by the variation in the total catch and availability per
period, —

2. No information 1is available on tagging mortality or
the iength of time required by lemon sole to . recover from the
'shock of handling. As thé periods undef'cqhsideration occur

very shortly‘after the time of tagglng, the tagged fish
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cannot be assumed to dle at the same‘rate as the untagged fish;

3. The number of recoveries per -period are small and
in some cases so nearly equal that the errors introduced
through the chance recovery of tags in ‘any period would dis-
* tort the results considerably.’ '

4, - As neither tagging nor the resampling of the
‘pOpulation to obtain recoveries was done at deflhite regular
intervals, Jackson's (1939) method cannot be applied to this
data. _ |
' Unless the fishing mortality rate, the natural mortallty
rate, the amount of annual recrultment to the population,
and the annual growth rate are all known no stafement~can
properly be made about the stability of a fishery. As was
ghown in the foregoing paragraphs, neither the mortality rates
nor the amount of annual:recruitmént éan;be determined on
the basls of the. data presented. Therefore no valid statement
about the sfability of the fishery can be made, However,
on the basis of the estimated fishing intensities énd the
annﬁal rate of increase in weight calculated, an estimafion
of the probable state of the fiéhery may be made.

A fishing 1ntenéity of 26.2% during the spawning season
18 probably too high for the Boat harbour fishery to support
and still maintain an annual recruitment. that together with
e growth rate of about 22%, will balance the high total
mortality rate thét 1s suggested by the comparison of the

percentage tag returns (6.2%) obtained in 1947 with the
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percentage tsg returns (18.6%) obtained in 1946, Assuming
| that the growth rate is the,éame for Baynes sound and Boat
harbour lemon sole, a fishing intensity of 42% during the
' spawning season appears too high fdr the Bayneswsoﬁnd fisghery
to support and still be in equilibriwm.
~ Therefore, the conclusion 1s that fishingiintenslties
during the spawning seasons, of 26.2% andvh2.5%, for the
Boat harbour énd'Baynes'sound reglons respectively, are too

high.,

POPULATION CHANGES

In this‘secﬁion an attempt 1s made to,deﬁenmine‘the
amount of population éhange:on the lemon sole spawning
grounds of Baynes sound and Boat harbour,.that is, to show
whether thé spawning population is stationarylér is continu-
ously changing with fish arriving to,spéwn and leaving through-
out the season. This is done by relating, for each trip
mede in January and Februsry, the number of tags out at.the
‘start of each two weekly perlod with the number of recoveries
ahd the total weight of fish_daught during that period. The
- method used was to express the tag recoveriesyfrom-each:tag-
ging for each period as 1f a fixed number of tégs, one
hundred, were out at the start of each period, and a fixed
weight_ of fish, one hundred thousand pounds,. were caught in
each period. By expressing the number of recoveries in this

manner, the effect of the varying numbers. of tags . out and of
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- the differing catches of fish made each period, on the
number of tags recovered will be eliminated.
The tag recoveries, adjusted In‘this”manger are ehown
in Table XIX and graphically in Figure 4 for the Baynes
sound region, and in Table XX and graphically in Figure 5

for the Boat harbour region.

TABLE XIX
: BAYNES SOUND .
No. & . . Number and Date of Trip
Date of I II II1 I¥ A VI VI
Per%od Jan., 4 Jan,12 Jan.1l8 Jan:24 Jan.28 Feb.1l3 Feb,23
‘Jan. 1-15 23.1  36.0 ——— —— | ———- —— ———
11 ' . - ' .
Jan.16-28 23.5 25.4  25.5  21.5  33.3 = ====  =——=
—III | — ,
Feb. 1-15 26.0 24.1 21.9  32.2  15.7 —— ee——
» IV ‘ * . -
Feb.16-28 18.7 28.5 13.6  30.0  27.6  39.4 25,3
v 4 o : :
Mar. 1"15 L"QLI’ 909 ’ 1506 2101 llo? 30.6 . 2302
VI — -

Mar.16-31 3.1 h.,6 | 3.1 3.9 6.8  ——m— —_—




45T . : -
' BAYNES SOUND i
| f
I [}
o
<
Ll
3
’ L
4
K
-
o+t + t + + +
@ ‘ 6
x 30+ N
ul [N
- o~ ,
. O 4 \ & =N~ - -
Q 5 " -« ‘
[08] A P LN \
o . " . \
: N, hJ
9 |15+ AN
2 ...
. -‘\\
0l M 4 I + } 50
200]|" .
« AVAILABILI - A
3 1507 145
I o
a.
L
L& L
‘ 100+ +30
8 "o
-5 8
E: :
ll 50'J 4 " " N 4;‘20
‘: 1 ] 11" 4 i
PERIODS

Fig.4. Baynes Sound. Effective Tag Recoveries from each Trip

Availability. Total Catch.



75
BOAT  HARBOUR

50"V ' 1}

TAG REGOVERIES
N
[6,)

TAG RECOVERIES

" 1000. OF POUNDS

POUNDS PER HOUR
P
O

Q

e 3

, I I m o
PERIODS

Fige5. Boat Harbour. Effective Tag Recoveries from each Trip

Availability, Total Catch.



-59-

TABLE XX
e BOAT HARBOUR '
No. & Number and Date of Trip
Date of ~ A I 11 III Iv - VvV VI
Period Deéc.28 Jan.7 Jan.l15 Jan.20 Jan.26 Jan.30 Feb,1l6
I - ,
~ Jan. 1-15 8.1 ——— ——— —— —— —— ——
Jan.16-31 23.9 38.2  40.9 41,1 68.9 —— ——
T IIT < | T
Feb, 1-15 6.5  15.5 16.8 20.5 17.5 43,6 ——
IV '
Feb.16-28 9.7 . 6.5 12,4 25.9 10.3 34,0 22.1
4 v— _
Mar, 1-15 117.5 212,5 @ -==- -——=- 235.0 517.0 505.3
VI~ ‘ . _
Mar.16-31 71.0 38.7  ———e 51.6 64.5 77.4 0 432.3

In interpreting these results the following assumpﬁions
are made: ’

1. The tagged fish do not school, and are distributed
eqﬁaily amongst the untagged population,

2. Tagging mortality is negligible or affects the fish
tagged on each trip in preciéely the same manner,

- 3. Natural mortality, during thg.period under considera--
tion‘is nil, | | -

L., The loss of tags after recapture and before return
elther affects the recoveries from each'frip for each period
in the same manner or is nil.

Before the results given in the tables are dlscussed,
certain theoretical interpretations of such results are

‘ considéred:
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1. 1If no}immigrétionlor’emigrayion"takeSjplace; fhat is,
1f the population is absolutely stationary,'then the effectivé
returns per perlod (that.ismto say, the actual . returns adjus-'
ted as if oné hundred tags had been out at the start of the‘
period and one hundred thousand pouﬁds of fish had been caught
during the perlod) would remaln constant.

2. Again; ir emigfation alone took place, and, providing )
the tagged fish were equally distributed throughout ’the' |
population, then the effective return per period will again-
be constant, for tagged and untagged fish should leave the
grounds at the séme rate. In such a case. fish are becoming’
less abundant 6n the-grounds and this will be feflected in
the lower average catph per hour for that period.

" 3. If ilmmigration alone occurs dﬁfing any perlod, then
the effective retﬁfns for that périodeill show a decline,
This is because the 1mmigrants have lowered the ratio of tagged
to untagged fish present on the ground, that 1is, the population
has been diluted. In this case more fish will be present
on the grounds and tﬁe average catéhAper hour for that perlod
should show an increase. |

L, Ifligmigration and-emigratioﬁ take place at, the same
‘time the effective returns per period will drop. There are
three possiple ways in which emigration and immigration Qouid
occur togetherﬁ 1. If emigration exceeds lmmigration. In
this cése the e£f9ctiv§ returns in a perlod would‘shbw a de-

' crease as there would be some dilution of tags remaining on

H

&5
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- the grounds, and the average catch per period would also

show a decrease, as there would be less fish on the grounds.
2. When emigration equals. 1migration.

Here the effective returns in a perlod would again show a de-

crease, for dilution of the stock is taking place; the average

catch per period ehould remaln constant.

3. Ir 1mmigration exceeds emigration. The

effective returns in a period would still show a decrease, but

the average catch per period would show ‘an increase.

‘Thus these three possible combinationsaof lmmigration
andfeﬁigration can»be geparated 5y their_effect on the average
"catch per hour for a period. . | .
‘it will be noticed, however, that type (S)eproduces the
game effect as.immigration alone, These two may prove dif-
ficult to separate, but some clue to which it 1s may be given
by the actual number of returns for that period, for ir any'
emigration took place the actual numbervef‘returns”might be
less than had no_emigration:taken place.

. 5. The above four sltuations have been.ceneidered on
the -agsumption that there was no resident'or_temporary‘non-"
migratpry pOpulation‘preeent.v Assume'now that there'is;euch.
a resident population present Now, if the‘pr0portion ef tag-
ged to untagged fish in this. resident population was the same |
as that in the migratory pOpulation the changes produced by

emigration, immigration, or various combinations of them,

~would be similar to those discussed in points 1 - 4, Bug,
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if it'éo happened thay'the proportion of tagged fish in the
resldent population was less than that in the‘migratory popu-
lation, then any change in the population due either to immi-
gration or emigration,,would;cause a drop in the effective
number of tags recovered;',In this case 1t would be difficult
to separate a case where emigration alone occurred from a case
where emigration and lmmigration bothvpccurred; with emigra—_‘
tion exceedingiimmigration, and also a case where immigrgtion
alone occurred ffomla casekwhere emigration and ;mmigration
tbok place with 1mmigrgtion exceeding emlgration.

6. Movement of fish ébout the spawnihg grounds., Consi-
* deration should also be given to a case in which the factors
involved produce an 1ncréase-1n the effective number of returns
in a peribd. _Assume that the region under consideraﬁion is
made up of a number of areas, and that the fish, fof some
reason, tend to concentrate more in certain areas than in
othérs, but ﬁhat in the tagging operation, the same number
of tagé were put out in each area.A The result of such_tégging
operations will be that the ratio of tagged to untagged fish
will be greatef in those areas in which the fish.are less con-
centrated. If such a region is fishéd commenaiaily, the fish-
ing will tend to be concentrated in those areas where fish are
moSt'abundant; therefore mére'figh willl be Eaught in those
aréas in which tags are relatively less concentrated. Now;
if fish migrate from those areas in which tags are more con-

centrated, to those areas in which the tagged fish are relative-

ly less concentrated, then the relative concentration of
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tagged fish in these latter areas will be increased, and,
therefore, on the éssumption that the greater part of the
catch in any period will be made in these areas, the effective
number of returns for a period will show an increase. To
prove that such an effect was produced by migration of this
type, catch statistics for each area as well as for the whole
region, would have to be available, To illustrate the effects
of such migrations a hypothétical exXxample 1s glven below:
Assume that 40 fish were tagged in each of four areas A, B, C,

D, and that the following pattern of tag returns was obtained:

Areg of | Area of Recovery Let the catches 1n each area
Fageineg A |B 1 G- 1D in the same period be:

A 2 2'_ o |o " A = 10,000 1bs. ]

B 2 |60 |o0 B = 25,000 1bs.

C 1 |{1]21]o0 C = 2,000 lbs.

D 0 {21 |2 D = 1,000 lbs.

Now, migration has taken place between the varioué areas,
and hence the catch in an area will be made up of fish from
that area and of fish which have migrated into 1t, in the
proportions indicated by the tag returns.

Thergfore:

For area A: Catch = 10,000 = 22 & ib + c
0

For area B: Catch = 25,000 = 22 + 6b + ¢ & 24
: Lo

For area C: Catch = 2,000 = 2¢ + 4
Eo
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For area D: Catch = 1,000 = 2d
| )

where a, b, c,+and 4, represent the population of gach area
respectively.
Solving fhe above equatlions, the populations in each area are:
Area A:- 45,000; B:- 140,000; G:- 30,000;; D:- 20,000.
Now, if no migration tskes place, ratio

Tags returned _ Fish tagged, but, if there has been migration
"Catch — Population

from areas where tagged fish are relatively more concentrated

into an areca where tagged flish were relatively less concen-

trated, then the ratio of ggggcreturned will be greater than
S atch

the ratio Figh tagged in those areas into which the fish
' Population

migrated, These two sets of ratios for this hypothetical

population are shown in the table below:

Tegs Returned x 10°  Fish Tagged x 109
' Catch - Population
A 50 9
B | Bl | 29
c 60 ©133
D 200 | 200

Thus, this example 1llustrates that the migration of fish from
an area}where tagged fish are more concentrated to an area
where they are less concentrated and where more fishing is
done, ralses the effective number of returns.

The foregoing theoretical conslderations form a back-

ground against which the variations: in the effective tag
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returns for each period in the Baynes sound and Boat harbour
regions can be partially interpreted. The variations in effec-
tive returns per period for each tagging should give an indi-
cation of the population changes occurring on each of the
spawning grounds, |

Each region will now be conéidered_separately:

1. The Baynes sound regilon.,

For this reglon the effective returns for each trip's
tagging, obtained by the method described, are given in
Table XI'X, page 58, and Figure 4, following page 58.
l. For any trip, the effective returns for the period during
which the trip was made are not reliasble. This is because
the tagging was done, not at the start of the perliod, but at
some. time during it, and theréfore, in adjusting for the
amount of fish caught, a proportion of the catch for the period
corresponding to the fraction of the period from the time of
tagging to the end of the period had to be used, Such a pro-
portion may not correspond accurately to the real weight of
fish Eaken during that time and so will distort the resulte:
2, In the first four periocds there appears to be considerable
variation in the trends shown by the effective returns from
the various tagging operations. ﬁowever, in the last two
periods, all the returns show a sharp decline., During thesge
same two periods the avallabllity also decreases‘sharply;
In the discussion of the theoretical aspects of this problem
it was shown that three types of population change will |
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produce a decline in effective returns assoclated with a decline
in availability. These are:
a. & greater emigration than immigration taking plAce from a
population 1in which only the migratory or spawnlng fish were
tagged, and | |
b. either emigrati&n'alone, or
c. a greater emigration than immigraﬁion taking place from
é population in which a resident or temporarily nqn-migratory
population received a small proportion of tags. The changes
in the Baynes sound population during périodé V and VI can
probably best be described by either of the last two assump-
tions; the second being the more likely one.\
3. In view of the fact that increases in the effective numbers
of returns for a period are proauced by migration of fish from
areas with a higher concentration of tagged fish to areas with
a lower concentration, or (as the approximately same number |
of.tags were put oﬁt in each area) from an area with relatively
fewer flsh to an area where more fish are present; the increases
-noted in the effective returns for trip I during period III,
for trips II and V during. period IV, and for trip III during
period V, are of interest, especially as these increases
occurred in periods lmmediately preceding the start of. the
sharp decline in returns. It has been shown (Table v, page 20)
that the ylelds of fish per hour!s dragging are greatest in
the Deep and Fanny bay areas and further that there was a

definite movement of fish from both ends of Baynes sound
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towards the Fanny bay area (Table VII, page‘25). Therefore
the increase in effective returns noted for these trips'is 
posslbly the result of a migration to and accumuléfion of

- figh in, the Fanny and Deep bay areas prior to their leaving
the spawning grounds.

L, The fact that the effective returns for trip I started to
decline sharply a period before the returns for other trips
would indicate that some of the lemon sole tagged earliér in
the season are leaving the grounds before those tagged later
in the season.

The conclusion is that the population of lemon sole
present in Baynes sound during January, February, and March
‘consisted of a small resident population as well as a much
larger migratory spawning population. The evidence points to
general emigration of lemon sole from this reglon starting
about the end of February. There i1s some evidence that emi-
gration may have started about the middle of.February and
that these early emigrants are fish that were present on the
groundé earlier in the season. The?e was also some indication
of a migration to and accumulation of fish in the Deep and |
‘Fanny bays prior to.leaving the spawning grounds.

2, The Boat harbour region.

For this region the effective returns for each trip's
tagging, calculated in the same manner described earlier are
shown in Table XX, page 59, and Figure 5, following page 58,

1. The same reservations as were made for the Baynes sound
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region must be made here cohcerning the effective returns from
a trip for the perliod during which the tagging was.done, The
returns for trip A for period I, for trips I and.II for period
II, and fbr trip V in period IIT can be considered reliable,
as in each case'the tagging was done before the commencement
of the period in question.
2; Large increaseg will be noticed in the effectlve returns.
for trips A, I, IV, V, and VI during period V., In perilod
VI the effective returns fbr trips A, I, III, IV, V, and VI
were still comparatively large but showed a considerable de-
crease over those for period V. 1In periods V and VI the total
catches made were small, being less than 1/20 and 1/10 respec-
tively of the catch ﬁade in period IV, Therefore in weighting
the tag returns for these two periods the adjusted or effec-
tive feturns will be disproportionately large when compared
with those of other periods. In the Baynes sound region
1ncreaées in effective returns were explained on the basis
of a migration of fish between areas; such an explanation
cannot be applied in this case as the actual ﬁeturns of tags
are toﬁ‘small to indicate a higration of the slze necessary
to produce such large increases in effective retﬁrns. There-
fore the weighting of the retubns by the disproportionately
small catches made in these periods alone caused this marked
increase in effective returns.
3. The variation in effective returns foom the various tag-

gings indicate that a part of the population émigrated from
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the region during period III and that in the succeeding perlods
more of the ﬁopulétion emigrated so that by period VI most.
of the migratory spawning population had probably left the
grounds; It will be noticed that the effective returms for
trips I and II decreased from approximately 40 in period II
to 20 in period III, while the effective returns for trip V
in period III were still above 40, " That 1s to say, thét,
during period II from February 1 to 15, the number of effective
returng from fish tagged up until January 15 decreased, as
compared to the number of effective returns of flsh tagged
on-January'BO. During periods II and III the average catch
per hour declined. Now, the considerations of theofetical
possibilities of variastion in effective returns showed that,
for a decline in effective returns to be assoclated with a
decline in average catch per hour, the assumptiéns had to be
made elther that emigration exceeded immigration or that, if
emigration alone was occurring, a small proportion of fish
tagged were from a resident or temporarily non-migratory
population., If the first assumption were applicable’, the
expected number of effective returns from fish tagged on
January 30 would be less than the number of effective returns
for fish tagged prior to January 15 and recaptured during
period II, due to the dilution of tagged fish resulting from
the assumed emigration. However, as this was not so, the
second assumption would appear to fit the case more nearly,

that 1s, that some of the fish tagged prior to January 15
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‘remained on the spawning grounds during the period from
Fébruary 1 to 15, whilst others emlgrated. The effective
returns for trips I, II, IV, and V declined again during
period IV, that is, from February 16 to 28, and the average
catch per hour declined sharply during this seme time. This
would again indicate that only a part of the population emi-
grated at this time. The effective returns during pepiods

V and VI do not lend themselves to interpretation because

of the distortion in weighting introduced by the very small
catches made in these periods.

The conclusion 1s that, in the Boat harbour region, the
lemon soieidid not leave the gpawnling ground eén masse at one
time but fish were continuously emigrating from the grounds
during February and March. The very low avérage catch per
hour in periods V and VI would indicate that the emigration

of the spawning population was probably concluded by March.

DISPERSAL OF LEMON SOLE FROM THE SPAWNING GROUNDS

The populations.of lemon sole found on the sgpawning
grounds in Baynes sound and Boat harbour regions are largely
non-resident spawning populations. Reports received from the
commercial fishermen indicate that the fish start to arrive
-on these grounds in numbers about December and to leave in
February and March; and that it is only during this period
that good catches are made.

These reports are borne out by the variations in the
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abundance (average cétch per hour for each period) of lemon
sole as calculated from pilot house log book records. In both
the Bayneé‘sound and Boat harbour regions the average catch
per hour drops sharply towards the end of February.

Therefore one reason for tagging lemon sole on thesé two
spawning grouhds was to obtalin information as to the extent
of aispersal of the fish followling sﬁaWning.v The points of
recoveryfof tagged fish would indicate this, and would also
show if there was an appreclable intermingling of thé popula-
tions spawning on. the two grounds.

In the Baynes sound reglon 814 fish were tagged. To date,
no tags have definitely been recovered from areas outside thie
negidn. Two tags have been reported as probably having been
caught in Nanoose bay, however, considerable doubt exists as
to the real point of recapture of these tags. The fact that
none of the fish tagged in Baynes sound have been recovered
from points outside fhis area cannot be faken as lndicating
that the population is non-migratory, for the marked decline
in average catch per hour observed during March definitely
indicates that the fish are leaving the grounds. Further,
the absence of a definite summer fishery in Baynes sound
indicatesAthat there mustlbe, at the best, only a small
resldent population in this reglion. Therefore, these fish
probably disperse to those parts of the gulf of‘Georgia from
the Nanoose bay region northward, that is, to areas not often

fished by the otter trawlers,
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In the Boat harbour region 106 recoveries out of a total
of 359 were made in areas outside the'région of tagging.
These recoveries are shown in Table XXI,

From this table it will be noticed that:

1. There is a definite migration of lemon sole in both
directions between Porlier‘pass and the Boat harbour region,
The comparatively large number of returns from,Porl1er pass
during August and September, 1947, might indicate that the le-
mon sole were moving through the Porlier pass reglon on the
way back to spawning grounds; Mr, C. B. Shannon, an experi-
enced trawl fisherman, reports that lemon sole appear 1in
numbers in the Porller pass area in September, and that a
month later they are to be found about six miles northward,
He has also found a simlilar southward migration teking place
in February and March.

2. From the Boat harbour spawning ground, there 1s a
general southward dispersion of lemon sole, extending as Tar
as the mouth of the Freser river and the Bellingham bay-point
Roberts area, |

The fact that no fish tagged in the Baynes sound region
were recovered to the south in the Boat harbour region and
thet no fish tagged in Boat harbour were recovered to the
north in the Baynes sound region would indicate that the
population using these two spawning grounds ére separate and

do not intermingle to any extent.



TABLE XXI

BOAT- HARBOUR.

Area of

1946 Number of Recoveries per Month 1947 Area of Dafe of
Recovery JanFebMarAprMayJundulAugSepOctNovDecJan Total Tagging Tagging
Porlier pass 2 1 4 3 1 1 9 6 1 2 3 33 Boat harbour Jan-Feb/bé
Yellow point 2 1 10 15 Boat hbr,Porlier pass.Dec/45-Feb/L6
Ladysmith 1 5 1 2 12 Boat hbr,Porlier.pass.Dec/b5—Jén/46
Chemainus. 5 1 1 1 1 10 Boat hbr,Porlier pass Dec/45-Jan/46
Thetis island | |
(west side) 2 1 1 5 Boat harbour Dec/L5-Tan/L6
Active pass 1 1 2 Boat hbr,Porlier pass Dec/45-Jan/Lé
Satellite ch. 1 1 Boat harbour Jan/u6
Swanson ch. 11 1 3 Boat harbour Dec/u5;J§n/46
Beaver point 2 2 Boat harbour Jan;Feb/ué
Pender 1island 1 1 Boat harbour Jan/L6
Captalns pass. 1 1 Boat harbour Jan/46
Fraser river 2 3 Boat harbour Dec/L5
Pt. Roberts reef 1 1 2 Boat hbr,Porlier pass Dec/45-Jan/Lé
Bellingham bay 1 1 Boat harbour Jan/46
Gabriola pass 1 6 7 Boat harbour Dec/45-Jan/L6
Boat harbbur L L 8 _Porlier pass Jan/46




) [,

If the fishery for the spawning lemon sole in the Baynes
sound and Boat harbour regions is tob intense and is producing
a decline in the'ébundance bf lemon sole in these aregs, this
decline will be reflected in all areas to which the figh
disperse after spawning., However, if the fish frequénting
- the Baynes soﬁnd and Boat harbour spawning grounds are separate
populations which do not intermingle extensively, then a too
intense fishery on one of these grounds will bring about a
reduction of fish only in those parts of the gulf ﬁormallyd
supplied by this spawning ground.

For instance, the fishing intensity in the Baynes'sound
region appears to be rather too high to maintain the stock at
its ﬁresent level of abundance. This should not% cause a
general depletion of lemon sole throughout the gulf but only
in that part of 1t from Nanoose bay northward, provided the
assumptioniis correct that thls 1s the area over which the

annes sound fish disperse after spawning.

POPULATION DIFFERENGES

As was mentioned in the previous section the returns of
tagged fish indicated: |
1. That the lemon sole found on the Baynes sound and
Boat harbour spawning grounds came from two separate populations,
which did not-iﬁtermingle appreciably. |
" 2. That the fishing intensity was considerably higher.

in the Baynes sound region than in the Boat harbour region.
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To see whether these two factors had produced any major
_differences in the compogltion of the populations in these
reglons, the length frequency distribution, the sex fatio,
and the ratio of immature to mature fish; were determined
for each region. Porlier pass was treated separately. The
total numbers of mature and immature males and females and

the percentage each represents of the total population of

the reglon are shown in Table XXII. Figure 6 shows the
length frequency distribution for lmmature males and females
for the Baynes sound reglon, Figure 7 for the Boat harbour

region, and Figure 8 for the Porlier pass region.

TABLE XXII
Immgture Immature  Mature  Mature Sex Ratlo
Males Females -~ Males Females Mature Figh

No. % No. % No. % No. % Males Females

- Baynes 44 2,4 396 21.9 411 22.7 959 53.0 30% 70%

- sound

Boat | . -
harbour 31 2.2 42 2.9 476 33.1 889 61.8 35% - 65%
Porlier : ' '
pass 6 2.7 151 67.4 0 0 67 29.9 0% 100%

From én examination of Table XXII and Figu;es 6, 7, and 8,
it appegrs that? T

1. The length frequency distributions of the mature
males and females are very similaf in the Baynes sound and
Boat harbour regions. There are more small mature females
(of 300 mm, or less in length) in the Baynes sound region.

2, In the Baynes sound region a definite population 6f
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immature females was found. It comprised 22% of the total
pOpulétion of thils area,

3, Immature males formed 2% ‘6f the total population in
both areas.

4, The sex ratio, based on the number of mature fish,
was approximately the same in both regions. 32% of the
mature fish in Baynes sound were males and 35% in Boat harbour.

5, In Porlier pass ilmmature females formed 67% of the
total population and mature females 32%. No mature males
were found.

In summary, the Baynes sound and Boat harbour populations
have 1mpoftant features of resemblance especlally among the
mature fish, They differ in the large (22%) proportion of
immature females present 1n Baynes. sound and the greater
number of small mature fish there. Porller pass differs
markedly from the other areas, consisting of two-thirds

immature females.

STOMACH ANALYSTS

A qualitative analysis of the stomach contents of lemon
gole was méde in the course of the study of the spawning of
these fish in the Baynes sound and Boat harbour-Porlier pass
regions, ‘

The following tables show the results of the stomach
analyses for these regions: Table XXIII for the Baynes sound
region, Table XXIV for the Boat harbour areas, and Table XXV

for the Porlier pass area,
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TABLE XXIII
BAYNES" SOUND

ar

P 1g less than .01

ar

P i1s less than R

chi~squared = 8.0579
-1

FEMALE Jﬁ MALE %
STOMACH Imma- Matur- Eggs Eggs Running Spent To- Imma- Running To-
CONTENTS ture ‘ing not. clear - o tal ture tal
(8% iR 3 3 8 '

" Empt 1 28 17 0 3 [3 29 190 219
wO£m§ 30 . 6 22 Z 18 ‘gg L 13 17 78%
Clams 8 2 L 1 11 26 2 L 6 L6%
Worms, clams 13 2 18 3 23 59 g2 2 6 .
Worms,clams,

brittlestar 1 1 1 3 0
Worms, :
brittlestar 1 1 1 3 1 1
Clams,

brittlestar 1 1 0
Brittlestar 0 1 1 4%
Unidentifiable 1 1 5 1 _ _ 8 1 1
Miacellaneous B L ‘ 1 2 e 2 2
Observed No. (x; 164 28 173 . 67 60 63 555 29 190 219
Expected No.(m) 164.03 29.21 170.03 57.67 45,69 88.138 34,62 184,38
Full: '

Observed No.(x) 11 54 10 . 1 55 . 186 11 23 34
Expected No.(m) 54 97  9.79 56.98 19.33 15.31 29.62 5.38 28.62
Total 219 39 227 77 61 118 741 L0 213 253
d (x-m) =.03  -1.21 +2.98 +9.33 +10.31 -25.38 -5.62 +5.62

o +.03 +#1.21 -2.98 =9,33 =14,31 +25,38 #5.62 =5.62

as L0009 1.46L1 8,880L 87.0489 20L.7761 6LL.144l 31.58L4 31,5844
d</m: Empty ’ 0.0501 0.0522 1.5094 L.4819  7.2884 0.9123 0.1713

' Full 0.1476 0.1559 4.5633 13,3753 21.7469 5.8707 1.1036

Total 0.1997 0.2081 6.0127 17.8572 29,0353 6.7830 1.2749
Females: chi-squared = 53.3130 Males:

-/l



TABLE XXIV
BOAT HARBOUR

ar - 5
P 1s less than .01

ar .

1

P ig less than 0L

- : FEMALE — MALE
STOMACH Immature Matur- Eggs Eggs Running Spent To- Imma- Running To- %
CONTENTS ing  not clear _ tal ture tal
clear
Empty 57 L 170 159 124 31 545 33 3 326
Worms 1L L 26 1 1 5 53 2 "9 11 58%
Clams 2 1 3 2 3 5 20%
Worms,clams 5 5 5 15 1 3 L
Worms,cleams,
brittlestar 10 1 12 2 2 27 0
Worms,
brittlestar 14 17 1 by 36 1 1
Clams, : '
brittlester 5 1 6 0
Brittlestar 1 3 L 3 2 5 32%
Unidentifiable 1 1 0
-Miscellaneous 2 3 5 2 1 3
Empty: : . -
Observed No,(x) 57 b, 170 159 124 31 545 33 293 326
Expected No.(m) 87.29 7.08 187.17 128.19 96.30 36.96 40.41 285,59
Full: ,
Observed No.éx) 5k 5 68 b 1 16 148 11 18 29
Expected No.(m) 23.71 1.92  50.83 - 34,81 26.70 10.04 3.589 25,41
Total 111 ) zga 163 125 L7 693 LL 311 355
d (x-m) ~30.29 -=-3.08 =17.17 +30.81 +25.70 -5.96 =7.01 #7011
#30.,29  +3.08 +17.17 +30.81 =25,70 +5,96 +7.41  -7.41
az 917.48Lh1 9.586L 29L,8089 949,2561 660.4900 35. £215 51,9081 - 54,9081
d%/ms Empty _ 10.5107 1.3399 1.5751 7.4051 6.7191. 0. 9611 .. 173588 0.1923
- Full 38,6961 4,9408  5.7999 27.2696 24,7375 3,5380 15,2947 2,1609
Total ,9.2068 6.2807  7.3750 34.8747 31.L566 44,4991 16,6535 2.3532
Females: chi- squared = 133. 4929 - Males: chi-squared = 19.1067

"8&“



TABLE XXV
PORLIER PASS

“FEMALE

-~ MALE
STOMACH Imma- Matur- Eggs Eggs Run- Spent Total Imma- Run- Total %
CONTENTS ture ing not clear ning ture ning

N v . clear

Empty 43 L 11 3 61 0

Worms 11 2 5 2 20 0 88%
Clams 1 » : 1 0 L5%
Worms, clams 5 L 2 11 0
Worms, clams, ‘

brittlestar 8 1 6 15 0
Worms, ' -

Brittlestar 10 1 1 12 0
Clams,

brittlestar 3 3 0
Brittlestar 1 1 0 47%
Unidentifiable 1 1l 0
Migcellaneous _ 2 2

Empvy ¢

Observed No.(x) 43 L 11 0 .0 3 61 0 0 0
Expected No.(m) 40.35 3.36 13.45 3.84

Full: '

Observed No.(x) 41 3 17 0 0 5 66 0 0 0
Expected No.(m) 43,65 3.64 1k,55 4,16

Total 8L 7 - 28 0 0 8 127 0 0 0

d (x-m) +2.65 +0.64 -2.45 -0.84
L -2,65 -0.64  +2.47 +0.84

a< 7.0225 0.L096 6.0025 0.7056

d“/m: Empty 0.1740 0.1219 0.4463 0.1836 0.9258

Full 0.1609 0.1125 0.4125 0.1696 0.8555

Total 0.3349 0.2344 0.8588 0.2532 1.78%3 \
Females: chi-squared = 1.7813

af

_ 5
. P 1g between ,720 and ,50

Males: nil
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In these tables, columns 1 - 6, 8, and 9, show the
numbers of empty stomachs and the types of food found in
full stomachs of fish at the various stages of sexual maturity;
: eolumns 7 and 10 give the totals(for females and males respec-
“tively; and column 1l the percentage of fﬁll stomachs con-
taining each of the three maln types of food.

From fhese tables 1t will be observed that:

1. In the Baynes sound and Boat harbour regions apprpxi—
mately 75%'of the stomachs examined were empty, while in the
_Porlier pass area only 51% were empty. It should be pointed
out that in this last area the fish found were largely
immature and spent females. |

2, During the winter months, at least, the food of
the lemon sole conslsts mainly of worms, clamg, and brittlea
stars. . The worms were a specles of Polychaete, but were not
‘identified further. These worms formed the predominant food
in all three regions. Small whole clams were found in the
stomachs of many fish, whlle in others only clam siphons
occurred., Brittlestars were found in many of the stomachs
of those fish from the more southern parts of the gulf in
which area they were found more frequentl§ than clams.

3. As fuil sexual maturity was reached these fish,
especlally the females ceased to feed and continued to fast
$111l spawning was completed. Of the sﬁomachs of L1L immature
and 173 spent'femalés exémined 150 and 76 respectively were
full, while only 2 out of 185 stomachs of fully matured or

running females contained any food.
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To determine whether the differences observed in the
numbers of full and empty stomachs found between fish at the
various stages of“sexual maturity were gignificant, chi-
squared tests were applied to the data for females_shown in
these tables. In each case the P value obtalned was less
than .01 (with the exception of fish in Porlier pass). 1In
order to be sure that any distortions produéed‘by having
only small numbers of fish represented at certain stages of
maturity were noy unduly influencing the significance of the.
'results, the females were divided into three groups, 1mmatgre,
mature, and spent females, and the chi-squared tests again
epplied. (Tables XXVI and XXVII). Fish in sexual categories
I - III were claséed as immature, those in categories IV and
V as mature, those in catégory VI as spent., The P values
obtained were again conslderably less than .0l. This would
indicate that the differences in the numbers of full and
enmpty stomachs found as maturlity was reached were significant
and not due to chance gelection of the fish. This last test
was app;ied to fish from the Baynes sound and Boat harbour
reglons only., It could not be applied to fish from Porlier
pass as ﬁo fully matured femalés were found there. Similar
tests were applied to the data for males 1n the Baynes sound
and Boat harboﬁr regions, It was again demonstrated that
the fully matured fish feed less actively than the lmmature
fish. However, food was found in only 13% of the stomachs of
males in the Baynes sound region and in only 8% of those in

the Boat harbour region.
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TABLE XXVI
. BAYNES SOUND : :
- Immature _ Mature Spent Total
Empty: - ' :
Observed No.(x). 365 127 63 555
Expected No.(m)  363.26 103.36 88.38
‘Full: : : '
Obsgerved No.{(x) 120 11 55 186
Expected No.{(m) 121.74 34,64 29,62
Total L85 138 118 741
d +1.74 +23.64 -25,38
o -1.74 -23.64 25,38
d< 3.0276  558.,8496 6L, 144l
- d%/m: Empty 0.0083 5.4068 7.288L 12.7035
Full 0.0249 16.1331 21.7469 37.90L49
Total 0.0332 21.5399 29,0353 50.6084
chi-gquared = 50.6034; af = 2; P is less than ,O0l
TABLE XXVII
- BOAT HARBOUR
Immature Mature Spent Total
Empty:
Observed No.(x) 173 283 28 hgk
Expected No,.(m) 204.37 2u6.28 33.35
Full: ’
Observed No.(x) 66 5 11 82
Expected No.(m) 34.63 41,72 5,65
Total 239 288 39 566
a -31.37 +36.72 -5.35
d= 984,0769 1348.3534 28.6225
dZ2/m: Empty L.8152 5. 4709 0.8582 11,1483
Full 28,4169 32.3192 5,0659 65.8020
Total 33,2321 37.7941 5.9241 76.95073
chi-squared = 76.9503; af = 2; P is less than .01
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From the foregoing 1t appears that:

1., Lemon sole do not feed very actively during the
winter., This is shown by the large proportion of empty
stomachs found. ‘

2. Fully matured fish feed 'less éctively thaﬂ immature
or speﬁt individuais.

3. The main food of the lemon sole on or near the

‘spawning grounds were worms, clams, and brittlestars. Worms

were the predominant food in both regions, clams ranked
second in the more northern area, and brittlestars in the

more southern,

® 8 00 000000 000

SUMMARY.

1. The fishery for lemon sole 1s one.of the most
important winter fisheries 1n the gulf of Georgia.

2. This fishery is dependent upon pobulationsAof lemon
sole gpawnling in the Baynes sbund and Boat harbour regions.
The fact that 80% of the total landings of lemon sole.for
the first three months of 1946 came from these two regions
shows this. | |

3. The Baynes sound and Boat harbour regions are shown
to be the two major lemon sole spawning grounds in the gulf
of Georgla. A third small spawning ground lies off point
Atkinson,

4. In both reglons spawning took place from January

through to March; the peak period was from approximately
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January 24 to Februarj 23 in the Baynes sound region and from
January 15 to the middle of February in the Boat_harbbur reglon.
The number'of samples takeﬁ in February and March was not
large enough to permit very accurate limits to be set to the
end of the spawning period in either region.

5. Active spawning was found to be more intense in
certailn areas of each region then in others, although some
spawning took place generally throughout the whole of both
regions., The areas of Fanny bay and cape Lazo were found to
be the areas of most active spawning in the Baynes sound region,
while the areas of Boat harbour, centre drag, and De Courcy-
island formed the areas of most active spswning in the Boat
harbour region. No evidence that-spawning took place was
found for Porlier pass.

6. The fishing intensities in the Baynes sound and
Boat harbour regions were found to be 42% and 26.3% réspec-
tively for Jsnuary, February, and March, 1946. These were
calculated from the tag returns which were welghted so as to
compeﬁsate-for’the fact’that the tags were put out while the
fishery was in progress. Fishing mortality, natural mortality,
. and the amount of annual recruitment cannot be calculated
from the present data., However, minimum estimates can be
obtained which suggest that the fishing intensities are pro-
bably too heavy to maintain the fighery at its present level
of production.

7. Fifty—eigﬁt of the tags put out in the Boat harbour

reglon were recovered from that region in January and February,



-85~
1947. This represents a percentage recovery of-6.3% as com-
pared to 18.8% for the same period in the previous year, . No
tags were recovered from the Baynes sound region in this
seme period., This was no doubt largeiy accounted for by the
closure to trawling of all areas with the exception of cape
Lazo and Comox bay. ‘

8., From the 1947 Boat harbour tag recoveries the average
annual length increment of lemon sole was found to be 23,9 mm,
representing an average annual increase in length of 7.3% or
in weight of 21.9%. | |

9. No fish tagged in the Baynes sound region were
recovered outside that érea. The.conclusion wag that the lemon
sole from this area prbbably dispersed over that part of the
gulf of Georgila north of Nanoose bay, a part of the gulf
which is not heavily fished by trawlers. Fish tagged in the
Boat harbour region dispersed southward. On the eastern side
of thé gulf tags were recovered as far south as Bellingham
bay, polnt Robefts, and the mouth of the Fraser river, and
on the western side as far south as Active pass and Swanson
channel, |

10. The lack of returns of fish tagged on one spawning
ground ffom the other grounds indicates that the populations
of fish spawning on these grounds do not mix to any appreciable
extent. |

11. The composition of the pdpulations spawniﬁg in Baynes

sound and Boat harbour were very similar, with the eXception
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that there were present  in Baynes sound a larger number of e
immature fish and of mature fish of less than 300 mm, in
length., The population at Porlier pass differed from the
others in consisting largely of lmmature fish.

12. An attempt was made to determine the changes occur-
ring in the populations of lemon sole on each spawning ground.
The returns per period were expressed as_if a constant number
of filsh were tagged each time and a constant weight of fish
caught each period. Variations in the returns per period
for the Baynes sound region expressed in this manner lead
to the following conclusions:

1. The population present on the ground conslsted of a

small resident population and a much larger migratory
population. |

2. A general emigration ofvlemon sole began about the end

of February, however, some of the fish present on the ground
at the start of the season had started to leave by the middle
of February. | |

3. There was apparently.a migration to-and accumulation of
fish in Deep and Fanny bays prior to emigration.

In the Boat harbour region variations in returns per
period indicate that the lemon sole did'not emigrate'en masse
- at one time but were continuously leaving the grounds during
February and March. The conclusions based on this method
of tag analysis should be treated with a certain amount of
caution, as they are largely based on theoretical conditions

and require more extensive data to substantiate them.
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13.\ The analyses of the stomach contents of lemon sole
on the spawning grounds showed that:
1. The méin food of the lemon sole on the sbawning grounds
consists of Worms, clams, and brittlestars.
2. .The lemon sole do notered very aétively during the
winter. Approximately 75% of the stomachs examined were
empty.
3. Fully matured fish feed less actively than immature or

spent individuals,
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TABLE I

BAYNES SOUND PERIOD I ~ JANUARY 1 - 15, 1946
BOAT - - DATE ~ AREA - HOURS  CATCH CATCH CORRECTED CATCH GCORRECTED
' i FISHED - BY PERIOD FACTOR BY BOAT FACTOR
Welcome Pass Jan, 6 Fanny bay 9:00 1,400 1,427 “1,470

- Jan, 7 Fanny bay 10:00 - 900 918 . oLé

Jan. 8 Yellow Bocks 11300 2,100 2,140 2,205

Jan. 9 Union bay 10:00 1,500 1,530 1,575

Jan.1l0 cape Lazo . 6300 700 714 735

Emma K, Jan. -3 Union bay 6:00 700 714 693

- Jan. 4 Ship pen. 3300 700 714 693

Jan. 5 Comox bay 2:00 . 150 153 148

Jan. 5 cape Lazo 4:00 Loo Lo8 396

- ~ Jan, 5 Union bay 2:00 350 - 357 . - 347

Jan., 6 Fanny bay - L:00 - 650 - 663 yon

Jan. 6 Unilon bay 2:00 350 357 : 347

Jan., 7 Union bay 6:00 900 918 891

Jan. 7 Comox bay 2:00 300 ~ 306 297

Jan. 8 cape Lazo L:00 400 - Lo8 396

Jan, 8 Union bay 2:00 200 - 204 - .198

Jan, 9 Fanny bay 400 700 714 693

: ’ Jan, 9 Union bay 2:00 200 204 198

Phyllis Carlyle Jan., 4 Tagging 2:45 485 L9s ' 660

~ Jan, 5 Tagging 2340 210 214 286

Jan.,1l2 Tagging L:00 - 280 - 286 381

Total , 98:30 13,575 13,844 ' 14,199
Period factor: 1.02
Boat factor: Welcome Pass - 1.05
Emma K. 0.99

1.36 -

Phyllis Carlyle



. TABLE II |
BAYNES SOUND PERIOD I1I JANUARY 16 - 31, 1946

BOAT DATE AREA - HOURS CATCH CATCH CORRECTED CATCH CORRECTED
' ' FISHED BY PERIOD FACTOR BY BOAT FACTOR
Welcome Pass Jan.1l8 Yellow rocks 8:00 1,200 © 1,209 » ‘1,260
’ Jan,19 Fanny bay 10:00 1,400 - 1,410 1,470
Jan,21 Henry bay 10:00 750 755 - 788
Jan,22 Yellow rocks 8:00 900 906 946
Endvour Jan,25 Union bay L330 1,000 - 1,006 o 880
Jan.26 Union bay 3:30 500 . 504 Luyo
Jan.27 . Union bay 3:30 500 - 504 L4yo
Jan.27 Unlon bay to o ;
- Denman 2:00 - 500 504 C o 4bo
Jan.28 Deep bay to : '
Denman 5:00 1,500 1,510 1,320
Jan.29 Deep bay to , , : o
. Denman 3:¢30 750 755 660
Optu Jan,.27 Comox bar 1:30 - - ———
Jan.27 Goose spit 3345 225 , 227 ‘ 230
Jan.27 Comox bar 1l:ihs 212 213 216
Jan.28 Ship pen. 145 100 100 102
Phyllis Carlyle Jan,l$6 Tagging 0:45 30 30 : L1
. .. Jan.1l8 Tagging 2:00 350 353 L76
Jan.19 Tagging 1:00 300 - 302 1408
Jan.25 Tagging 2315 - 200 201 272 .
Jan.24 Tagging - libs ~ 300 302 _ 408
Jan.28 . Tagging 2:00 200 201 ' 272
Jan.29 Tagging 2:30 165 - - 166 . 224
"Total ' _ o 79:00 11,082 11,158 . 11,293
Period factor: ) . 1.006 Availebility = 142.9
Boat factor: Endvour 0.88 :
: Phyllis Carlyle 1,36 ,
Welcome Pass 1,05 k

Optu (Pooled) 1.02



TABLE III

__BAYNES SOUND PERIOD III FEBRUARY 1 - 15, 1946 . :
- BOAT . DATE ~AREA HOURS CATCH. CATCH CORRECTED CATCH CORRECTED
S FISHED BY PERIOD FACTOR BY BOAT FACTOR
Endveur Feb, 7 Deep bay to i :
: Denman wherf 6:00- 1,500 1,140 - 1,320
Feb. 8 Deep bay to '
Denman wharf 6:00 750 570 660
Feb. 9 Deep bay to
~ Denman wharf 6:00 1,000 760 880
Feb,10 Deep bay to ,
' Denman wharf 5:30 750 570 660
Feb.1l3 Deep bay to
Denman wharf  5:00 1,500 1,140 1,320
Feb.1l4 Deep bay to .
Denman wharf 2:00 500 380 Lo
Feb.l5 Deep bay to :
Denman wharf  7:00 1,000 760 880
Total 37230 7,000 5,320 6,160
Period factor: 0.76
Boat factor: Endvour - 0.88
Availability. . 164.3



BAYNES SOUND

‘PABLE IV

PERIOD IV FEBRUARY 16 -~ 28, 1946

BOAT DATE ~ AREA HOURS CATCH CATCH CORRECTED ATCH GORRECTED
' FISHED BY PERIOD FACTOR BY BOAT FACTOR
. Endvour Feb.1l6 Deep bay to )
. Denman wharf 8:00 1,000 970 880
Feb.l7 Deep bay to
Denman wharf 4:00 300 291 264
Feb.26 Deep bay to
Denman wharf 7300 1,000 - 970 880
Feb.27 Deep bay to
. Denman wharf 6:00 1,500 1,455 1,320
Feb.28 Deep bay %o )
o - Denman wharf 5:00 1,000 970 880
Mary Rita’ Feb.18 dGape Lazo 4300 525 509 536
Feb.23 Baynes sound 1:00 100 97 102
‘ : Feb.24 cape Lazo 3:00 275 267 - 281
Phyllis Carlyle Feb,l17 Deep bay 3:30 200 194 272
Feb,17 Fanny bay 5330 600 582 816
Feb,18 Fanny bay L4:00 Loo 388 5hly
Feb.18 cape Lazo Lso0o . 500 485 680
Feb,19 cape Lazo L:00 300 291 408
Feb,19 cape Lazo L:00 800 776 1,088
Feb,20 Fanny bay 7:00 300 291 h08
Feb,21 Fanny bay 1l:45 50 48 68
- Feb.26 Deep bay 1l:4s 100 97 136
Feb.27 Deep bay 1:15 100 97 136
_ Feb.,27 cape Lazo 6:00 900 873 1,225
' Feb.28 cape Lazo 7330 800 776 1, 088
Good Hope II Feb.18 cape Lazo 3:00 150 1458 * 153
Izumi II - Feb,25 Deep bay 2:00 700 679 378
' Feb.26 Deep bay 2:00 200 194 108
Feb,27 Deep bay to
Union bay 1:00 600 582 324
Feb.,28 Deep bay to
Union bay- 2:00 1,000 970 540



TABLE IV $Continued2. .
BAYNES SOUND PERIOD IV FEBRUARY 16 - 28, 1946

BOAT ~  DATE _____ AREA HOURS CATCH CATCH CORRECTED  CATCH CORRECTED
) ’ - : FISHED - BY PERIOD FACTOR BY BOAT FACTOR
Ray Roberts - Feb.1l6 Deep bay and ' ) ‘ -
. Union bay 3:30 730 308 745
Feb.17 Union bay and
_ cape Lazo 4:00 600 582 : 612
Feb.18 cape Lazo 7:00 1,700 1,650 1,735
- Feb.19 cape Lazo L:00 800 776 ‘ 816
Reubina Feb.25 ' :
. - 28 —————— e 7:45 912 884 1,085
Total - o 12430 18,142 17,597 : 18,508

Period factor: 0,97
Boat factor: Endvour 0.88
' Phyllis Carlyle 1.36
Reubina 1.19
Izumi II 0.54
Mary'Rita;
Good Hope _
II )pooled 1,02
Ray . )
Roberts )

Availlability . ~ 148.7



BAYNES SOUND PERIOD V MARCH 1 - 15, 1946

BOAT ... ..DATE =~ AREA = HOURS CATCH CATCH CORRECTED CATCH CORRECTED
. 5 ’ : FISHED BY PERIOD- FACTOR BY BOAT FACTOR .-
Endvour _ ‘Mar. 1 Denman - 1:00 200 206 176
Mar. 2 Deep bay to ’ 4 '
o Denman wharf 3:30 200 206 176
Mar, 2 cape Lazo 3:30 -1,000 1,030 . 880
. Mar. 3 cape Lazo L:30 400 L1z : 352
Phyllis Carlyle Mar. 1 Fanny bay 2:00 100 103 . 136
Mar. 2 Deep bay 1:30 100 103 '126
Izumi II ‘ Mar, 5 Deep bay 2:00 1,000 1,030 : : 540
' Mar. 6 Deep bay 1300 Loo 12 216
Mar, 7 Deep bay - 2300 - —— g ———
Mar. 7 Deep bay 2:00 500 515 270
Mer. 8 Deep bay 2:00 - 400 . 12 - 216
Mar. 9 Deep bay 2:00 400 Lhi2 216
: Mar.1l0 Deep bay 2:00 —— ——— _ —
Reublina ' Mar. 1 i ,
| - . 34315 3,965 4,085 4,720
Total ” - 633115 8,665 8,926 8,034

Perlod factor: S 1.03
Boat factor: Endvour 0.88
~ Phyllis Carlyle 1.36
Izumi IT . 0.54
Reubina 1.19

7.0

Availability R 12



TABLE VI - :
BAYNES SOUND PERIOD VI = MARCH 16 - 31, 1946 °

~ BOAT DATE AREA  HOURS CATCH CATCH CORRECTED CATCH GCORRECTED
- . ' : i FISHED - BY PERIOD FACTOR BY BOAT FACTOR
Endvour ‘Mar.16 Deep bay to - N ' ' ‘ -
' Denman -wharf 3:00 100 184 88
Mar.l? cape Lazo © 33100 100 - 184 88
Mar.18 Union bay and S
_cape Lazo 6:00 200 368 176
Mar.l9 cape Lazo 6:00 1,000 -~ 1,840 880 -
Phyllis Carlyle Mar.l9 Comox bar 3:30 300 552 - Lo8
: Mar.19 Comox bar 2:00 100 184 : 136
Mar.1l9 Yellow rocks 1:00 80 147 109
Total , A 24:30 1,880 3,459 1,885
Period factor: 1.84
‘Boat factor: - Endvour 0.88

Phyllis Carlyle  1.36
Availability. - | 76.9



o TABLE VII -
BOAT HARBOUR _ PERIOD A DECEMBER 15 - 31, 1945

~ BOAT ___ DATE. .. _AREA HOURS CATCH CATCH CORRECTED GATCH CORRECTED
i ' ' FISHED BY PERIOD FACTOR BY BOAT FACTOR
Phyllis Carlyle Dec.28 Boat harbour . 1:20 Loo - 176 - Li8
Dec.28 -Boat harbour S 200 _ 88 224
Dec.28 De Courcy ‘ ' :
Island 1:15 Loo 176 Lug
Dec.29 Boat harbour $30 200 . 88 ‘ 224
Dec.29 Pylades Channel 35 75 33 84
Total . . . . . bizs 1,275 561 5 1,428
Period factor: 0.44

Boat factor: Phyllis Carlyle 1.12
Availlability C323.1



TABLE VIII

Avallebility

BOAT HARBOUR - PERIOD I JANUARY 1 - 15, 1946 e
"BOAT DATE AREA HOURS CATCH CATCH CORRECTED CATCH CORRECTED
' ' _ 5 FISHED BY PERIOD FACTOR BY BOAT. FACTOR. -
Curlew M. Jan. -4 Boat harbour 2:00 450 382.5 486
“Jan, 5 Boat harbour 8:00 1,000 850 1,080
Jan. 6 Boat harbour 7:30 l » 250 1,062.5 l » 350
Jan. 7 Boat harbour L:30 570 Lgh .5 615 6
B. C. Girl Jan.l4 Boat harbour 10:00 1,000 850 _ 1,040
' Jan.l5 Boat harbour 5300 500 L25 520
Chasam Jan. 4 Boat harbour 8:00 2,000 1,700 1,940
Jan, 5 Boat harbour 8:00 1,400 1,190 -1, 358
Jan. 6 Boat harbour . 400 - 700 595 679
Jan. 7 Boat harbour L300 600 510 582
Jan. 8 Boat harbour 8:00 1,000 850 970
Jan. 9 Boat harbour 5:00 600 510 582
Jan,1l0 Boat harbour 2:00 300 255 - 291
Jan.l4 Boat harbour: 14300 600 510 582
'~ Jan.15 Boat harbour 8:00 1,200 1,020 1,164
Phyllis Carlyle Jan, 7 De Courcy island t45 100 85 112
Jan. 7 Boat harbour $40 75 63.8 8k,
Jan., 8 Pylades Ghannel ths 35 29.8 39.2
Jan, 8 Centre drag ' L 200 170 224
Jan.1l5 Centre drag 1300 150 127.5 .. 168
Jan.l5 De Courcy island 1:00 200 170 224
Jan.1l5 Pylades ‘¢hannel 1:00 . ko 34 Luy,8
Total 93:55 3,22 11, 874.6 14.,135,.6
Period factor: 0.85
Boat factor: Curlew M., - 1.08
B. C, Girl 1.04
Chasam 0.97
Phyllis Carlyle 1.12



TABLE IX

JANUARY 16 ~ 31, 1946

L BOAT HARBOUR _ PERIOD IT . ,
"BOAT DATE AREA HOURS CATCH CATCH CORRECTED . CATCH CORRECTED
_ - FISHED : BY PERICD FACTOR BY BOAT FACTOR
Curlew M. Jan.l7 Boat harbour 7:30 815 749.8 880.2
Jan.18 Boat harbour 7:00 825 759 891
B. C. Girl Jan.19 Boat harbour 5:00 1,000 920 1,040
Jan.20 Boat harbour 6:00 800 736 832
Jan.23 Boat harbour 2:00 300 276 312
Jan.2l Boat harbour 10:00 1,200 1,104 1,248
Jan.25 Boat harbour 10:00 1,200 1,104 1,248
Jan.27 Boat harbour 8:00 1,000 920 1,040
Jan.28 Boat harbour 10:00 1,200 1,104 1,248
Chasem Jan.18 Boat harbour 8:00 1,200 1,104 1,164
Jan.1l9 Boat harbour 8:00 1,200 1,104 1,164
Jan.23 Boat harbour 2:00 300 276 _ 291
Jan.2l Boat harbour 8:00 1,200 1,104 1,164
Jan,27 Boat harbour 8:00 1,200 1,104 1,164
Jan.28 Boat harbour 8:00 1,200 1,104 1,164
Jan.29 Boat harbour 8:00 1,200 1,104 1,164
Jan.30 Boat harbour 8:00 1,200 21,104 1,164
Jan,31 Boat harbour L:00 - 600 552 582
Phyllis Carlyle Jan,20 Boat harbour 1:00 150 138 168 -
Jan.20 Centre drag 1:00 150 138 168
Jan,20 De Courcy island 1:00 200 184 224
Jan,21 Pylades dhannel 145 60 55.2 67.2
Jan,26 Boat harbour 1:00 150 138 168
Jan.26 Centre drag 1:00 150 138 168
Jan.26 De Courcy island 1:00 200 184 224
Jan,26 Pylades channel 1:00 50 L6 - 56
Jan.,30 De Courcy island 1:00 200 184 224
Jan,30 Pylades charnel 1:00 75 69 84
Jan,31 Boat harbour 1:00 150 .. 138 168 -
Jan.31 Centre drag - 1:00 60 55.2 67.2
Total 139:15 19,235 17,696.2 19,546.6

-



TABLE IX (Continued%
BOAT HARBOUR PERICD A 16 - 31, 1946

Period factor: 0.92
Boat factor: burlév M. ' 1.08
B. C. Girl 1.04
Chasam 0.97

Phyllis Carlyle 1.12

Aveilability S 140.h -



" BOAT HARBOUR

TABLE X'

FEBRUARY 1 - 15, 1946

(Ray Roberts

L ) PERIOD III , U |
BOAT DATE AREA HOURS CATCH CATCH CORRECTED CATCH CORRECTED -
: FISHED BY PERIOD FACTOR BY BOAT FACTOR
Norpack Feb%lo Boat harbour 14300 2,500 2,400 1 850
Phyllis Carlyle Feb, 7 De Courcy island S
' & Centre drag  U4:30 300 288 - 336
Feb. 8 De Courcy island ,
& Centre drag 8:30 1,200 1,152 1,344
Feb. 9 De Courcy island '
_ & Centre drag 4330 400 384 LLg
Feb,1l4 De Courcy island = 2330 300 288 336
Feb.l5 Boat harbour . 2300 200 192 224
B. C, Girl Feb. 3 Boat harbour . 5300 800 768 832
- Feb, 4 Boat harbour 5:00 900 864 936
Feb. 5 Boat harbour 8:00 1,000 960 1,0L0
‘Feb, 6 Boat harbour 8:00 1 200 1,152 1, ' 248
Chasam Feb. 4 Boat harbour . L:00 ’600 5?6 582
Feb, 5 Boat harbour 2300 300 283 291"
Feb. 6 Boat harbour 9:00 1,300 1,248 1,261
* Feb, 7 Boat harbour 9:00 l 200 1 , 152 1, 164
, Feb. 8 Boat harbour 9:00 1, 600 1l 536 l ,152
Feb, 9 Boat harbour 9:00 1 100 1l 056 1l 067
: Feb.1l0 . Boat harbour 9:00 1 200 1 ,152 1, 164
Norma N, Feb. 8 Boat harbour . 7:00 325 312 796 3
Good Hope I- Feb.,1l4 Gabriola channel 2:15 —-— —— -—
Ray Roberts Feb, 4 Boat harbour 1:15 100 96 2Ls
' Feb. 6 Boat harbour 2:00 Loo 384 980
Feb. 7 Boat harbour L300 7200 192 L9o
Total 129:30 17,125 165440 12,286;3
Period factor: 0.96 Boat factor: Chasam 0.97 Availlability 137.3 -
_Boat factor: Norpack 0,74 . (Norma N.
Phyllis Carlyle 1,12 pooled (Good Hope I; 2.45
B, C. Girl 1.04 '



TABLE XI |
‘ BOAT HARBOUR PERIOD IV.  FEBRUARY 16 - 28. 1946

"BOAT - DATE . AREA , HOURS "CATCH CATCH CORRECTED CATCH CORRECTED
FISHED , .BY PERIOD FACTOR. BY BOAT FACTOR
Chasam - . ===-—=— Boat harbour 2:00 300 . 351 v 291
‘Feb.21 Boat harbour 9:00 1,200 . 1,bho4 - 1,164
Feb.22 Boat harbour 9:00 l 200 1,404 1, 164
. Feb.23 Boat harbour . 9:00 1 400\ *1,638 1 358
Good Hope II - Feb,19 Boat harbour 2:45 75 ’ 87.8 183.8
Norma N, - Feb.21 Boat. harbour - b330 85 . 99,5 208.3
Good Hope I Feb.19 Boat harbour 2:00 50 58.5 122.%
Endvour Feb.25 Boat harbour 2:00 50 58.5 - 122.5
Total : ' 40315 4,360 5,101.3 b 614,11
Period factor: , 1.17
Boat factor: Chasam. 0.97
Norma N, )
Good Hope I ) pooled 2.45
Good’ Hope II)
Endvour )
Avallabllity ., . 114,6
' o . TABLE XII :
__BOAT HARBOUR  PERTOD V _WARCH 1 - 15, 1946
BOAT DATE  AREA ~ HOURS CATCH CATCH CORRECTED CATCH CORRECTED
. ~ FISHED BY PERIOD FACTOR BY BOAT FACTOR
Pearse Island Mar. 5 De Courcy island  2:00 50 254,0 122,5
Total | | 2300 .50 254,0 122,5

‘Perlod factor: ‘ - 5,08 '
Boat factor: Pearse Island (pooled) " 2,45 Avallability 61,3



A | TABLE XIII o
BOAT HARBOUR _ PERTOD VI__ MARCH 16 - 31, 1946

"BOAT DATE AREA . HOURS CATCH CATCH CORRECTED GCATCH GORREGCTED
. FISHED ' BY PERIOD FACTOR BY BOAT FACTOR
Alco " Mar.22 Gabriola 6100 - 400 2,132 - 220L
: Mar,23 Gabriola 3:00 . 50 - 266.5 . 28
Mar.28 Boat harbour 10:00 . boo 2,132 224
Mar.29 Boat harbour 3:00 . 80 . L4264 - bLu.8
- Chasam Mar.24 outside Porlier : : : ’ :
- L & Gabriola passes 9:00 —_— -—— s —
Mar.26 Yellow point 8:00 — —_— —
Total : :00 930 4,956.9 520,.8
Period factor: 5.33

Boat factor: Alco 0.56
Availability 13.4



TABLE XIV

COMPARISON OF "ENDVOUR'S" CATCHES IN PERIOD II- AND PERIOD III ,

PERTOD 11 _PERTOD ITT
“DATLY CATCH | s _ "DATLY CATCH T T e
X7 xl-il .(xl—!l) Xo - xp-%, (xz-x )’
552,22 [+10.18 103.832% 250.00 | + 55.18 | 2,933, 3633
142.86 |-69,18 L,785.872L | 125.00 | = 70.84 | | 5°018.3056
142,86 |-69.18 N, ,785.8724 166.67 | - 29.17 R 850.888
250.00 (+37.96 | 10440.9616 . 136.36 | - 59.48 3,537.870
300.00 |+87.96 7.736. 9616 300,00 | +104.16.. 10,8L9.3056
214.29 |+ 2.25 5. 06 525 250,00 | + 54,16 21933,3056
142,86 | = 52,98 2.806.8804
: : ' - | = 12
fS(xl) 1,272.23 | S(xl—il)z 18,858.35 18(x5) 1,370.89 . s(xz-xz), 28,929.88
%) = 1.272:23 = 212,04 %, = l431%4§2 = 195.84
2 = 1 (8(x,-%.)2 + 8(x,-%,)2) = _1 (18,858.35 + 28.929.88) = L7.788.23
(Nl-l)(Nz-l)é 1™ 22 % 5+ Ei ’ » ; 1l
N=5f6'—'ll_ =

L,344.38

8 = 65-9 . o . ‘v
o - 212.00 - 19584 EET .

= 65.9 S4b642 T
P = |

between .6 and .7

1620
sl

=AMX 1.79
65.9

= 28.9980 .44
65 0'9 ‘



TABLE XV
COMPARISON OF "ENDVOUR!g! CATCHES IN PERIOD III AND PERIOD IV

- T PERIOD 11 PERIOD IV
DAILY CATCH | _ - T DAILY CATOH | . )
*1 e (x)-%y) h | X2%5 (xp-%)°
T 250.00 | + 84,16 2,933.3056 260.00| + 31.53 987 . 8449
125,00 f - 70.84 '5,018.3056 300.00| #131.43 17,273.8449
166.67 | - 29.17 850.8889 142.86| - 25.71 T 661,0041
136,36 | = 59.48 3,537.8704 75.00) - 93.57 - 8,755.3449
300,00 | ¢104.16 10,8549,3056 125.00| = 43,57 1,898.3449
250,00 | ¢ 54,16 2,933.3056
142,86 | = 52.98 2,806, 8804
8(x,) 1,370.89 | §xx1-il)2 28,929.88  |S(x,) 842.86|" sxxz—EZ? 29,576.36
= _ 1370.89 _ ‘R =
%) = 1370.99 - 195.84 %, = 842586 = 168.57
2 2 _ 8(xy-%)%) = L (28 .36) = 58,5062
82 - (Nl-l)(Nz-ly(S(xl %)% - 8lxy-%,) } 2 gep(28:929.88 + 29,576.36) - 08
N =N ¢H,= b+6=1 5,850.62
82760“’. . L .
- _ 195.84 - 168.57 /7T X5 _ 27.27 _ 27.27 /Z.9186 _ 27.27 _ 146,63
b= 78k / Gz = 78 = T b = Tpeay XL = T
= ,6063
P = -

between .5 and .6



TABLE XVI

CHI SQUARED CALCULATIONS

'DEEP BAY = FANNY BAY .

P is less than .01

Area Spawning Condition -
- T 11 11T IV V. VI Total
DB 37 13 71 b 4 10 140
FB 29 8 57 19 14 2 129
& B zE 2z 1B I E
Expécted Values: ~m - = . S e
DB 34,32 10.92 66,56 12,48 9.36 6o 2%
¥B §;1§8,, }0.08 61,44 11,52 8,64 5,76
Tablé of x - SR
DB *2e 1 2.1 4.4 ‘-7.D ‘-Do4 43,8
B -2.7 "_-72.1 -l 4 7,5 +«5,4 3.8
Table of %2 - e e IR
~ DB 7.29 4,41 19,36 56,25 29.16 14,44
B ‘7{29 4,41 19.36 56,25 29.16 14,44
Table of §E | | » o
DB TOIZTEZ 074038 0.2900 4.4072 53.1154 2.3141 10,7438
¥B 0.2301 0.,4375 0,3151 4.8828 B,.3750 2.5069 11,7474
A0,44g5 0. 8415 0. 60§Q"9,29QQ 5,4?9§ 4,8210 22,4912
chi-squared = 22,4912 degrees of freedom = 5
P 1sr}§§§’than .01 o :
Continuity Correctlon o T .
Area Spawvning Condition T
I 7 T IT IIT Iv ) VI Total
Table of xl1 corréected (%k~.5) R S
DB *2.2 +1.6 *3,9 -7,0 -4.,9 +3.3
FB -2.2 cwle6 =3,9 +7.0 +4,9 -3.,3
DB 4,84 2.56 15,21 49,00 24,01 10.89
B 4,84 - 2,56 15,21 49,00 24,01 10.89
Ta:ble Of .o . “7 . oo ,‘ — ' v ...r. - ‘ ‘ e 4 o .
DB 0. 1410 0. 2344 022285 3,9263 22,5652 1,7452 78,8406
FB 0.1528 0.2539 0,2476 4,2535 2.7789 -1.8906 9.5773
0,2938 0,4883 0.4761‘ 8.,1798 5.344; 23,6358 18,4179
chi-squared = 18,4179 degrees of freedom = 5



TABLE XVII '
__ DEEP BAY -

CHI-SQUARED CALCULATIONS CAPE LAZO
Ares ; Spawning Condition ; -
"1 II- 111 IV v VI _Total
DB 37 713 71 b 4 .10 140
CL 2 4 16 17 21 = 62
- 4 81 22 25 12 202
Expéected Valies: m' " T T Ai“ﬁ
DB 27.03 11.78 60,29 15,25 17.33 8.32
CL 11.97  5.22 26,71 6,75 7.68 3.68
Table of X~ T oete o eoete o
DB +10,0 +1.2 +10.7 -10.3 -13.,3 ‘1.7
CL  -10,0  -1.2  -10.7 10.3 13,3  -1.7
Table of %o RN -
DB 100,00 1,44 114,49 106,09 176.89 2.89
CL 100,00 1,44 114,49 106,09 176,89 2,89
. Table of x2/m R L AT f'“?‘?'fﬁ‘pJ‘
DB 3,6996 0.,1222 11,8989 6.,9567 10,2072 0,3474 232252@
CL 8,3542 0.2759 4.,2864 15,7170 23,0326 00,7853 52.4514
- l2?0558 0.3981 6.18?5_:22.6737._55,?598 1.1327 75,6834
chi-gquared = 75,6834 degrees of freedom = 5
P is less than .01
Continuity Correction . _
Arez , : Spawning Condition T
R S & S & & 4 IV V. VI Total
Table of x+ corrected (x=.5) N T
DB +9,D +0.7 +10,2 =9,8 -12.8 =1.2
CL  -9,5  =0,7  =-10.2  +9.8  +12.8  +l.2
T_a'ble'of,f'(xl)‘?" e et Y.t '-.'" et “ T
DB 90,25 = 0,49 104.04 96,04 163,84 1.44
CL__ 90,25 » 0449 104,04 96,04 163,84 1.44
Table of (x1)%/m- - = o et e en cem T
DB 3.3389 00,0416 11,7259 @ 6.,2977 9.,4541 0,1731 21.0311
CL 7.5397 0,0939 3.8952 14,2281 21,3333 0,3913 47,4815
10,8786 0.1355 05,6209 20,5258 30,7874 0.5654 68,5126
chi-squared = 68.5126 degrees of freedom = 5

P is less than .01



~ .CHI~-SQUARED CALCULATIONS

FANNY BAY - CAPE LAZO

N

chi-squared = 29,4626
P is less than .01

Continuity Correction

degrees of freedom = 5

"Area ' Spawning Condition
I II III- v S A VI Total
FB 29 8 57 19 1% 2 129
oL _2 s 16. VAR 2 262
3 2 73 36 35 L 191
. Expected Values: m : -
FB 20.93 8.10 L9 ,28 24,30 23.63 2.70
CL 10.08 3.90 23.73 11.70 11.38 1,30
Table of x A ' )
EB  +8.,1 -1 7.7 =5.3 -=9.6 ~-.7.
CL -8.1 *.1 7.7 +5.3 9.6  +.7.
~ Table of x< . |
FB . 65,61 0.01 59.29 28.09  92.16 0.49
CL  65.61 0,01 59.29 28,09 92,16 0.49.
Table of x</m ' - :
gB 2.1347 0,0012 1,&031 1.1559 g,900i 0.18é5 9.5;25
L .2082 0,002 2. 282' 2.4008 .8,098 0.37 g 19.8861
9,643 010038 13,701 3.5567 11,9985 0.558 29.4 2

Area .
o I II III

Spawning Condition

_ IV \'A VI Total

Table of x* corrected .

FB  +7.5 *7.2  =4.8 -9.1 -2

GL -7-6 —792-, '1'13’08 1‘9-1 ’ 1‘-2

Table of (x1)2

FB 57076 N i 51.8“’ 23 .OLl’ 82081 . .0)4'

CL 57.76 ———— 51.84 23.04 82.81 oL

Table of (xl)z/m

FB 2.7597 —=—=—- 1.0519 0.9481 3.5044 0.0148 8.2789

CL 5.7302 =————- 2.,1846 1.9692 _7.2768 0.,0308 17,1916
8.4899 ————mee 33,2365 2,9173 10.7812 0.0456 25,4705

chi-squared = 25.4705
P is less than .01

degrees of freedom = 4



CHI-SQUARED CALCULATIONS

TABLE XIX
BOAT HARBOUR - CENTRE DRAG - DE COURCY ISLAND

P 1s between .05 and .01

P

.50

Area Spawning Condition
_ Female ’ Male
I II ITY IV \'s VI Total I \'A Total
- BH 0 0 25 L3 28 2 98 2 100 102
CD 2 0 61 L2 36 7 148 2 68 70
BI [ o 3 53 L _6 136 0 _60 _60
2 0 17 140 108 115 382 L 228 232
Expected Values: m , '
BH ¢ .51 0 30.02 35.91 27.71 3.85 1.76 100.24
CD 77 0 45.33 54,24 41.84 5.81 1.21 68.79
DI 71 0 L41.65 L9,.84 38.45 5.304 1.03 58.97
Table of x
BH - .51 0 - 5.02 + 7.09 + .29 -1.85 + .24 - .24
CD +1.23 0 +15.67 =12.24 -5.84 +1.19 +.79 - .79
DI - .71 0 -10.6% + 5.16 +5.55 + 66 ~1.03 +1.03
Table of x2 :
BH . 2601 0 25.2004 50,2681 .0841 2.3225 .0576 L0576
CD 1.5129 0 245.5489 149318176 34,1056 1.4161 6241 6241
DI . 5041 0 113.4225 26,6256 30.8025 4356 1.0609 1.0609
Table of xz/m
BH .5100 0 .8395 1.3998 0030 .6032 .0327 .0006
CD 1.9635 0 5.4169 2.76%1} .2151 .2332 .0516 .0091
DI .7100 0 2,7232 ".23 2 .8011 .081 1.0300 .1222
3.1835 0 - 8.979 .6961 1.6192 .9285 1.1143 .189
Female: Male:
chi-squared = 19.4069 chi-squared = 1.3039
ar =10 ar 2 ’



TABLE XX
PYLADES CHANNEL - PORLIER PASS

CHI-SQUARED CALCULATIONS

Spawning Condition

Area Female Male '
I IT I1I IV \'s VI Total I \'f Total
PC 18 3 48 6 0 7 82 16 20 36
PP 81 i 29 0 Y] _% 126 ) 0 3
2 10 7z g o 16 208 19 20 39
Expected Values:! i
PC 39.03 3,94 30.36 2.37 0 6.31 17.54 18,46
PP 59.97 6.06 L6,6L 3.63 0 9.69 1.46 1.54
Table of x
PC -21.03 -.94 +17.64 +3.63 0 +.69 -1.54 +1,.54
Table of x2 \
PC - 422.2609 .8836 311.1696 13.1769 0 JA761 2.3716 2.3716
PP L22,.2609 .8836 311.1696 13,1769 0 4761 2.3716 2.3716
Table of xzzm
SO R L e B W ot 53'25588 0 '81525 160 1lthed
PP o412 .l H6717 . 0 . . .
17.8601 .3701 16.9210 9.1899: 0 .12 1.7596 1.6635
Female: Male:
chi-gquared = 4L 4657 chi-squared = 3.4281
ar = 5 ar =1
P is..less than .01 P i1s between ,10 and .05



TABLE XXI
CENTRE DRAG - PYLADES CHANNEL:

CHI~SQUARED GALCULATIONS

CHI-SQUARED CALCULATIONS

Area. . . Spawning Condition
I IT III Iv . -V T Total
CD 2 0 6% bg 36 7 i#g
PC 23 , _8 3 1 110
£ 3 m = B &

Expected Values: m .
CD 14.35 1,72 67.16 28.70 22.39 13.78
PC 10.65 1.28 L9.84  21.3 16.61 | 10f22

Table of x / _ ' '
CD =12.6. -1.7 -6.2 +13. +13.6 -6.8
PC  +12.6 +1.7 +6.2 -13.3 -13,6 +6.8

Tabie'of x2 _ B
CD 158.76 2.89 38,44 176.89 184,96  46.24
PC 158,76 2.89 38.44 176.89 184,96 46,24

Table of xzém , _
gg %ﬁ 8 34 1 80§ 0.5724 2.1624 '8.2608 2.;22? o

' 070 2.257 0.,7713 .EO 7 11.1325 . ’
' 25,9704 3.9380 1 3437 1A.,4681 19.3963 7.8801 72.9966
chi-gquared = 72.9966 degrees of freedom = 5
P is less than:,01 -~~~ ~ o
TABLE XXII

BOAT HARBOUR — DE COURGY ISLAND

P 1s beéetween .95 and .90

degreesg of freedom = 5

Area Spawning Condition
- I II . - IIT IV ..V Vi Total
B? ) 0 25 L3 ﬁﬁ 2 92
D 0 0 31 ’ Sl [ 1
g i B Bz E
Expected Values: m :
BH 0 0 23.46 L1 ,06 30.17 3.35
DI 0 0 32.54 56,94 41,83 L,65
Tablé of x
BH 0 (O +1.5 +1.9 -2.2 -1.4
DI 0O 0 -1.5  -1.9 +2.2 +1.0
 Table of x2 |
BH 0 0 2.25 3.61 4,8k 1.96 "
DI 0 ( 0 2.25 3,61 L, 8y 1.96
Table of x2/m ‘ B
BH 0 0 0.0959 0.0879. 0.1604 0,5851 0.9293
DI [} [o] 0.0691 0.063L 0.1122 0.4215  0.6697
- 0 0 0.1650 ©0.1513 0,2761 1.0066 1.5990
chi-squared = 1.5990



TABLE XXTII '
CHI SQUARED CALCULATIONB CENTRE DRAG -~ DE COURCY LSLAND

Area | - Spawnlng Condltlon ] ‘
I 1T ITI IV Y VI Total
CD 2 0 61 42 36 7 148
i 0 3L 55 44 6 136
2 9. & @ B I8 282
Expected Values: 'm’ - S “T'”; ~".
CD 1,04 0 47,93 50.54 41,68 6,77
DI .958 0 ' 44,07 46,46 38,32 6,23
Table of x - S ';“ RO | ﬂ*:
CD 1.0 0 +13,1 -8.5 -5, +e2
DI -1.0 0 -13.1 48,5 45,7 -.2
Table of X2 N S L
CD 1.00 -0 171,61 72.25 32,49 0,04
DI l OO ‘O 171,61 72.25 32,49 0,04
Table of xz/m B R AR T — et
¢D 0.9615 0 = 3.5804 1.,4296 0,7795 0,0059 - 6,7569
DI 11,0417 [} 3.8940 1,5551 0.8479 0.0064 _7,3451
. 20088 0 .7.47A% 2,9847 L,6274 0.,0123 14,1020
chi= squared = 14,1020 degrees of freedom = 5
P is between «02 and .01 A ‘ ) o
Contlnulty Correctlon -
Area Spawning Condition o
' I~ IT — I1IX IV. V. V1 Total
Table of x*+ corrected . - = e o
CD +0,5 0 +12.6 -8.0 =De2 R e
DI =05 - O -12,6 48,0 45,2  --=-
Table of (x1)% v e Sevee e
cD  0:25. 0 158,76 64.00 27.04 —-—-

oI 0, 25 .. - 0 158,76 64,00 27,04 ————

Table of (x1)%/m C T T e .
CD 0.2404 0  3.3123 1,2663 0.6487 w====  5,4677
DI 0,2604 0  3.6075 1.3775 0.7056 ===  5,9510

0.5008 0 6,0198 2,6438 1,05648 =---= 11,4387

chi-squared = 11,438% - - degrees of freedom = 5
P is slightly less than ,05



TABLE XTIV

_CHI- SQUARED CALCULATIONS

BOAT HARBOUR - CENTRE IRAG.

Areg

N Spawnlng Condition

P is between .20 and .10

1 II 111 IV ' VI rotal
BH 0 .0 25 43 28 2 98
oo 2 0 61 42 36 7 18
Expected Values: 'm" ° RENRE o “";;
BH 0.8 0 - 34,23 33,83 25,47 3.58
O 1,20 0  BL,77 51,17 38,53 5,42
Table of x ° S SR -
BH -.8 0 -2 +9.,2 42,5 -1l.6
CO +.8 0 +9.2  =9.2 2.5 -s1.6
. Table of x> L e e e
BH .0.64 0 84,64 84,64 6.25 2,56
CD 0 64 '0 84,64 84,64 6425 2.56
ravleof xm - A
BH 00,8000 0 2.492% 2,5019 0.245¢4¢ 0,715k . 66,7351
CD 10,5333 [V 1.5349 1,65641 0,1622 0,4723 4,3568
1.3333 04,0076 4.1560 0,4076 1.1874 11.0919
 chi- squared = 11,0919 degrees of freedom = 5
P =,05 .
Cortinuity Correction o v e :
Area . Spawning Condition . _ U
I IT " 11X IV V. Vi Total
Table of x* corrected .~ . L . T
BH -0,3 0 =87 +8.7 +2.2 =-1e1
CD +0.,3 . - 0 48,7 -8.,7  =2.2 +1,1
Table of’ (xl)z R T ”“jﬁ :'Tf
BH 0,09 .0 - 75,69 75.69 4,84 1.21
CD O 09 . 0 75,69 75,69 4,84 1,21
Table of (x;)z/m T e A
BH 0.1125 0 2.2112 2,2374 0,1900 0,3379 55,0890
ch 0,0750 0 1,4620 11,4792 0,1256 00,2232 343650
0.1875 0  3,6752 3.7166 0.5156 0,5611 _8,4540
chi-squared = "8,4540 degrees of freedom = 5



- TABLE XXV
CHI-SQUARED CALCULATIONS

BOAT HARBOUR — PORLIER PASS

Spawning Condition -

147.5715
ar 5 A
P is less than .01

dar
P ig less than

1
.01

Area , 4 Female Male _
: I 11 I1X IV v VI Total I .V . Total
~BH~- - .0 1 - 17 38 18 1 72 9 120 129
PP 81 29 0 0 9 - 12 3 0 3
o= 5 38 18 o T 0 I
. Expected Volues: m : - . ) |
BH 30.22 2,99 17.16 14,18 6.72 3.73 11.73 117.27
EP 50,77  5.01 28.84 23.82 11.28 6.27 27 2.73
Table of x o o _ | 4
BH -30.22 -1.99 -.16 '#23.82 +11.28 -2.73 -2.73 +2.73
PP #30.22  +1.99 .16 -23.82  -11.28.  +2.73 £2.73  -2.73
 Table of x2 | - | . ,
BH 913.2L48L  3.9601 .0256 567.3924 127.2384 7.4529 7.4529 7.4529 -
PP 913,2484 3.9601 .0256 567.3924 127.2384 7.4529 7.4529 7.4529
o Table of x2/m , 3 '
BH 30.2200 3243 .0015 40;8135 »18.9342 1.9321 ,.2354 .oégg
PP 1% .9998 _.7904 ,0009 23.8200 11.2800 1.1887 27.6033 2.73
.2198 2. 1158 .0024  63.8335 ‘30.2152' 3,1868 28,2387 2.793
Female: Male:
chi-squared chi_squared = 31. 0323



CHI-SQUARED CALCULATIONS

TABLE XXVI

BOAT HARBOUR - PYLADES CHANNEL

chi-squared = 94,4250

ar

5
P is less than .01

chi-squared = 245.8203

ar

P is less than

1
.01

Area T . Spawning Gondition .
. wo. . Female =~ Cee e ee o - Male .
‘I I T T 11T v v VI  To- I v To-.
_ - ~ : tal . tal
BH 0 1 25 L& 28 2 102 3 133 136~
PC 23 3 526 8 2 17 110 16 2k Lo
. 23 L 81 5L 31 v 212 19 1s7 176
~ Expected Values: m | -
BH 11.07 1.92 38.97 25.98 14.92 9.14. ... 14.68 121.32
PC - 11.93 2.08 42,03 28,02 16.08 - 9.86 "~ 4,32 - 35.63
Table of x , ‘ Lo C :
BH <-11.07 -.92 -13.97 +20.02 +13.08 -7.14 . =11.68 +11.68
PC  +11.07 +.92 +13.97 -20.02 . -13.08 7,14 . #11.68 -11.68
. Table of x2 o S v
BH T~ 122.85LL9 .8464 195.1609 400.8004 171.0864 50,9796 136.4224 136.4224
PC 122.5449 ,8464 195.1609 . 400.8004 171.0864 50,9796 '136.4224 1364224
" Table of x2/m | o | | : -
Bg 11.0703 .ﬁugg 2.2272 13.4233- r%é.2669 >_5.g776 : 2.2931 1.;245
P 10.2719 .40 L6143 14,2041 . 32z .170 E 5792 E. 235
21,3419 8477 9.6513 29.731L 22,10 10.7479 40.8723 . 9480
Female: ' Male: ‘



TABLE XXVII

TRAWL LOG RECORD

BOAT,......

LAYOUT OF PILOT HOUSE LOG BOOK PAGE

ooooo
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BOOK NO, 84

,DATE

-| PURSE
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