THE BIOLOGY OF THE COD Gadus morhua (L)} OF THE
NORTHEAST COAST OF NEWFOUNDLAND

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)

RICHARD WELLS




i T




 LIBRARY RN
SEP 5 1968 )

OFOU“D“&






The biology of the cod of the northeast coast of

Newfoundland is analyzed from observations made in various years
in the period 1940-65 but mostly in the 1960's. Age and length
distributions indicate that numbers of older and larger fish have
declined over this period. Year-class dominance, not present at
the beginning of the period, is now evident. The growth rate
and total mortality rates have increased. The changes listed
above have been attributed primarily to an increase in fishing
effort. Age at sexual maturity is lower for males than for
femeles but the range of ages over which sexual maturity takes
place is the same. There are indications that the stock is

made up of more or less distincet inshore and offshore substocks.
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I. INTRODUCTION

There is a continuing need for biological information about
fish stocks, In areas whéré stocks undergo fishing pressure, data
suph as growth rates, mortality rates and age and length compositions
are necééSary for an understanding of changes in the fishery and
the formulation of appropriate régulations. Hodder (196k4) used such
information in his assessment of thé fisheries of the Northwest
Atlantic.

In the presént study results of cod investigations conducted
off thé'northeast coast of Newfoundland from 1940 to 1965, but
mainly in the 1960's, are :analyzéd, The area under consideration is Division
3K, (Fig. 1) one of the areas delineated by the International Commission
for the Northwest Atlantic Fisheries (ICNAF).
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IT. THE FISHERY

The cod fishery off the northeast coast of Newfoundland had
been prosecuted by European fishermen as early as the first part of
the sixteenth century (Innis, 1954). Detailed statistics of catches
and fishing effort expended are not available prior to 1954 but since
that time appear in the yearly Statistical Bulletins of ICNAF. It
is likely that the fishery in the early 1950's was primarily "inshore",
that is, carried on by shore-based Newfoundland fishermen using small
opén boats usually within 1-2 miles of the land. In the period 195L4-57,
1an&ings by offshore vessels using otter trawls accounted for about
20-25% of the total catch (Fig. 2). Since 1957, 55-75% of the total
catch has been taken offshore. During 1954-65, about 9% of the cod
landings of the northwest Atlantic were taken from this area. The
ipshore portion of the catch, taken exclusively by Newfoundland fisher-
men, has decreased both absolutely and in relation to the total cod

catch in the ICNAF area by Newfoundland fishermen (Fig. 2 and 3).

Hodder (1965) discussed the trends in this fishery during the
period 1954-62. The statistics for 1963-65 were added to his series
and the data reworked in the same way. For the offshore fishery, the
Portuguese otter~trawl hour was again selected as the standard unit of
effort. Monthly Spanish otter-trawl effort data were plotted against
corresponding data from the Portuguese fleet (Fig. 4). A line passing-
through the origin was fitted to these data and a slope of 0.924 was
derived., Spanish effort data were then multiplied by this factor.
Spanish landings and converted effort were added to the Portuguese
landings and effort by month. The average catch per standard (Portuguese)
hour was calculated for each month and when the catch per standard hour
was divided into the total landings for that month, the total monthly
effort was obtained. Figure 5 shows that while the total effort and
landings in the otter-tréwl fishery have increased sharply since 1957,

the catch per standard hour has remained fairly stable.

From statistics obtained from the Department of Fisheries
(Canada) at St. John's, Newfoundland, it was apparent that the number
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of men engaged in the inshore fishéry each year in the area has been
rather constant over the périod 195ﬁ-65. The inshore effort data
(number'of'fishermén) were convérted to standard otter-trawl hours by
multiplying by a factdr'of'8.96. This factor equals the slope of a
line passing through thé'origin and fitting arbitrarily a plot of
annual catch per man against annuel catch per standard hour (Fig. 6).
In Fig. 5 both the landings and catch per standard hour in the inshore

fishery show a decline.

To obtain an overall view of the fishery, the effort, in
standard hours, was combined for the otter-trawl and inshore fisheries
by year and a yearly catch per standard hour calculated. For the
fishery as a whole, landings have shown no appreciable trend (Fig. 5).
Effort expended has gone up. The catch per standard hour has décreased
from a levél of about 1.8 tons per hour in the period 195L4-5T7 and

appears to have stablized at about 1.3 tons per standard hour since 1958.
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ITI. 'MATERTALS AND METHODS

A DATA COLLﬁCTIONS

_ The materials used formed part of data collected from the
commercial inshore fishery and from research vessel otter-trawl surveys.
Figure 1 shows the general locations from which the samples were taken
and Tables 1 and 2 list the localities and dates of collection. For
convenience in comparison Division 3K has been divided into 9
Subdivisions, 39-47. Inshore collections from various gears were

obtained in Subdivisions 39,40,41 and 42 and offshore collections by
otter trawl in all Subdivisions except L0.

Otter-trawl samples were collected from catches by the

Fisheries Research Board of Canades at St. John's. In most cases the
codend of the trawl was either lined or covered with small-meshed
netting to ensure the retention of small fish. The inshore samples
were teken from the catches, before discarding, of commercial fisher-

men at various fishing communities in the area.

B. LENGTH MEASUREMENTS

Length measurements were taken at random from the catches.
Fork length to the nearest cm was.invariably obtained. In the inshore
sampling an attempt was made to measure fish from the major gears -
operating at the time of sampling and to sample from as many different
boats as possible. The length frequencies for each gear were then
combined and a total obtained for each 3-cm-group. Each otter trawl
frequency was adjusted to the catch of the tow from which it was selected.
The adjusted frequencies were added in 3-cm groups to arrive at a total
for the particular area concerned.
C. AGE DETERMINATIONS

Random subsamples were taken of the measured fish for scales
and otoliths. The otter-trawl otolith samples usually contained a large
random sample and & smaller "category" sample taeken from fish of sizes not
well represented in the random sample. Since 1962, the inshore otolith

samples consisted of smaller random samples and larger "catggory" samples.




.

The otoliths of some 15,000 cod were examined to determine
age following the method outlined by Keir (MS, 1960). Occasionally
scale readings were used to confirm the age reading obtained from an
otolith. 1In all cases, the age distributions were adjusted to the’
number measured by means of age-length keys.

D. GROWTH

The average length at age was determined from the otolith
ages. Bertalanffy growth curves were fitted using an adaptation of’
Ricker's (1958) "trial L method. This growth curve is of the form

1, = Ihil-e-k(t—to)a

vhere lt is the length at age t years, Lis the asymptotic length for
the fish population, k is a constant determining rate of change in
length increment and to , the theoretical age at zero length, is the point

at which the extrapolated curve intersects the length axis.-

The constants L, k and t, are calculated by fitting least
squares straight lines to the following (Ricker, 1958):

(1) 144y £
(2) ln(gﬂrlti)against t.

against 1

The slope and intercept obtained from (1) are € and Leg
(l—e‘k) respectively, from vwhich values of Lggand k can be derived.
The second equation has a slope of -k and intercept (1n Lot k to)-
from which a second estimate of k and a value of t are found. A

worksheet for calculation these constants makes up Table 2.

Ricker suggests (p.196) that a plot of 1n (E;l%w) against
t should be straight and that a few trial plots will soon show the
Logwhich gives the straightest line - which can usually be selected
sufficiently well by eye. He further suggests that only points be
used which fit this line. The plot of 1n (I&;af) against t is therefore

useful in determining the range of ages it is desirable to use.
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Having declded on an L,,by this inspection method the
remalnlng parameters were caleculated and the Bertalanffy curve
constructed. Further curves were constructed using Lyys 3 cm above
and/or below the first Lgpochosen and the sum of squares of the Qev1ations
of the observed points from the fitted curves was calculated for'éach
curve constructed. The process was continued until the curvé having
the least sum of squares was determined. This curve was judged to
be the curve best fitting the data.

Average lengths at age based on less than 10 fish have

been used sparingly in constructing the curves.

Length-weight curves were based on weighings to the °

nearest ounce of both round and gutted-head-on fish (gills in).

E. SEXUAL MATURITY

Maturity stages used were those developed by the Fisheries
Research Board’s Biological Station, St. John's. Males with testes
very narrow and with a narrow thin-walled vas deferens were classed
as immature. Males maturing to spawn in the year they were caught had
thick and white testes. After spawning is completed residual milt
may remain in the testes and vasa deferentia for a short time but at
the edge of the testes the milt has disappeared and new grey or pink

tissue appears.

Immature females had smaell, pinkish ovaries with thin-walled
ovarian membranes. Females were considered mature when eggs were visible
to the naked eye. After spawning, the ovaries had thick walls, were
bluish-grey or whitish-grey in colour, and often had residual white or

clear eggs.

Late in the spawning season and afterwards, both males and
females may have gonads which appear to be developing for spavning in
the next spawning season. When the observer cannot tell if such a fish
has spawned in the year of observation, the gonad is classed simply as
"maturing for spawning next year". Whether such a fish is mature or

immature in the year of observation is doubtful.
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IV. LENGTH AND AGE COMPOSITIONS

In Division 3K, the fishing gear which takes the largest
part of the inshore catch is the trap. Pinhorn et al (1966) show
that in 196k gbout 50% of the inshore catch was taken by trap and that

line gears and gillnets were also important.

Because of differences.in selectivity, sizes and ages of’
Pish caught may differ from gear to gear. 4 similar result would.océur
if the fish were to separate into size and age groups becausé'of'
témperature,'dépthg'fooafor'other preferences. Almost all gillnet~caught
fish are greater than 55 cm in length and 6 years in age, but fish of that
size and age and below usually meke up the bulk of the trap samples. Age
compositions by 5-year groups are shown in Table 3.

A. TRAP

In 1949 the catch in Subdivision 39 was composed of a wide
range of’agés (Fig. T and Table 3) and about 1/4 of the catch were 11-15
years 0ld at the time of capture. From 1963 on, only about 1% of the
catch has been in this age group. A similar trend is noted in Subdivisions
40 and 42 (Fig. 8 and 9 and Table 3). Catches in the 1960's were composed
of fish with a narrower range of ages than those caught in 195k. The
single trap sample from Subdivision k1 (Fig. 10 and Table 3) consisted
mainly of fish 5-8 years of age.

The 1965 age and length compositions from Subdivisions 41
and 42 appear to be fairly similar. The principal mode was at 49 cm
and the 1960 year-class (S-year-olds) was dominant. In Subdivision k0,
however, the 1959 year-class was dominant and the principal mode was at
58 cm. In Subdivision 39 the mode was at 43 cm and the 1960 and 1961
year-classes were of about the same size and constituted over 60%. of
the total catch.

B. 'GILLNET

In Subdivision 42, gillnet samples for 196k and 1965 (Fig. 11
and Table 3) indicate that a large range of ages are represented in the
catches. The 1955 year-class was predominant in each year. In Subdivi-
sion 39 the 1955 year-class was very strongly represented in the catches

from 1962-65. As in the case of the trap, age and length compositions for
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these 2 Subdivisions are different.

C. ﬁINEéGﬁARS

In the déep water longline fishery in Subdivision 39, a
wide rangé of ages and léngths was teken (Fig. 12 and Table 3) from
1962-65. Older and larger fish were considerably rediced in the 1965
samplé as compared to the 1962-64 semples. The shallow water longline
(linétrawl) sample of Subdivision 39 was composed of smaller and
younger fish than those from the deep water (Fig. 12 and Table 3).

It was quite similar to the 1963 trap sample (Fig. 7) taken from
the same Subdivision.

Only one line-gear sample was available from area L1 (Eig.
10 and Teble 3). This sample, collected in 1947, was from‘dépths of’
50-80 fm and was composed of fish of a wide range of lengths and ages.
In Subdivision 42, longline samples (Fig. 13) were generally similar
to the samples taken from deep water in Subdivision 39 in containing

many large and old fish.
D. HANDLINE

Saemples from this gear were few. The catches were

~ generally composed of young and small fish (Fig. 14 and Table 3).
E. JIGGER

Figure 15 and Table 3 suggested that jigger catches in
1940 contained relatively more older fish than those of the 1960's,

F. OTTER TRAWL

Because most of the samples from this gear came from otter
trawls having a small-meshed liner or cover on the codend (Table 1),
fish as young as age 1 were present. In 1950-51 no single year-class
dominated the catch and fish of a wide range 6f ages were present
(Fig. 16). In 1952, however, the 1947 year-class (5-year-olds) was
dominant. The 1946 and 1945 year-classes were also strongly
represented. There were still good proportions of older fish in the
catch in 1960 and 1962 (Fig. 17 and Table 3), but by 1963 and 196k

the proportion of fish over 10 years of age was quite small.
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In 1963 samples were taken from all Subdivisions except 46,
Agé and length compositions (Fig. 18 and Table 3) shqtréd that the -
l957}yéar-class (6;yéar-olds)'Was by far the most sbundant one éxcépt
in Subdivision'hzywhére the 1959 year-class was apparéntly'stronger.
The' seaward Subdivisions, 43, 45 and 47. contained fewer small and

young fish than the more landward Subdivisions.
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V. VALIDATION OF OTOLITH. AGES

May (1965) has pointed out the need for validation of
otolith ages for different localities. Such studies have been done
in the Newfoundland area by May (1965 and 1967) Fleming (1960),.

‘Williamson (MS 1965) and Wiles (MS 1967T).

Otoliths from Subdivision 3K very often exhibit secondary
rings or "checks", particularly in the early years. Moreover, annual
rings may be split or indistinct. Détermination of the age from the
otolith :equirés interpretation of the various zones and is théreforé '
open to errors of judgement. If the age structure of the catch could
be determined by a method other than by means of the otoliths, a
useful check would be availsble. Parrish (1956) suggests that a
modification of Petersen's method provides such a check against other’
ageing méthods. It consists of tracing an abundant year-class which
shows a peak in the lépgth frequéncies.thrqugh thé'fishery from'yéar
to year. Petersen's method is appropriaste where the distribution of
lengths of a year-class is normally disfributed, and with a mean léngth
sufficiently different from the neighbouring year-classes such that it
forms a distinct mode in the ;ength frequency of the catch. Growth in
Division 3K procéeds at a low rate (May ‘et ‘al 196k) and therefore only
younger ages could be validated in this manner.

In Fig. 17, the distributions of the 195T and 1959 year-classes
have been shown on the length frequencies for the years in which they
occur. The 1957 year-class, 3 years old in 1960, occupied practically
all the mode at 31 cm. No sample was collected in 1961, but in 1962,
this year-class, as 5-year-olds, had advanced to a peak at 49 em. 1In
the following year, the peak was still at 49 cm. There was apparently
little growth from August-September 1962 to April-May 1963 in this year-
class. As T-year-olds, this year-class displayed a peak in the length
frequency at 52 cm in 196k,

Although no otolith sample was taken in 1959, the length
frequency, with a strong mode at 22 cm, suggests that the 1357 year-

class was dominant in the catch (Fig. 1T).
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The 1959 year-class can be followed through the length
frequencies of 1962-64 as 3-L- and 5-year-old fish.



VI. 'GROWIH

A. 'GROWTH IN LENGTH

The offshore data were insufficient to derive growth curves
for a comparison of growth by Subdivision. It was possible, however,
to obtain reasonably close-fitting curves for certain combinations of
years (Fig. 19) for Division 3K as a whole. For the combined September
sample from the early 1950's the curve had a high k value and low‘Ih,
The curves for April-May 1963-6k4 and October 196k had the same Lygbut
k values which differed considerably. The August-September 1960's curve
was derived mainly from meterial of 1960 and 1962 (Table 1). It was
practically identical with a curve derived from the 1960-62 data by
May‘éi_éé (196k). K and L,values of this curve were intermediate

between those of the early 1950's and April-Msy and October 1963-6h.

A comparison of the offshore ¢curves is shown in Fig., 20.
It is clear that the growth rate has increased from the 1950's to the
1960's. If one considers the August-September 1960's curve as being
represenfative of the early 1960's, the growth rate has increased
from the early 1950's (September) to the early 1960's (August-September)
and again to the middle 1960's (April-May). In the middle 1960's,
the October curve lay well sbove that of April-May except at the

extremities.

From the inshore data, growth curves have been derived from
a variety of years. From a preliminary inspection of the length-at-age
data it was decided that all 1960's samplés could be combined except
for line-gear samples from Subdivision 42, In Figure 21, trap curves
are shown for Subdivisions 39-42. In Subdivisions 39 and 40, the growth
rate in the 1960's showed a definite increase over that of 1949 and 1954
respectively. No curves were fitted to the 1954 data for Subdivison:
40 or 42 because the resultant I 's were unreasonably high. There was
an increase in growth rate in Subdivision 42 from 1954 to the 1960's.
The increase was apparently not as great as that experienced in
Subdivisions 39 and 40. Only one sample was obtained from Subdivision
41. Curves for Subdivisions 39, 40 and 41 in the 1960's were similar
as to L. Subdivisions 39 and 41 had similar k values but that for

Subdivision 40 was higher. Subdivision 42 had the lowest L gand highest

k of all.
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A comparison of the fitted curves (Fig. 22) showed that
those Of'Subdivisign$ 39 and 40 were similar, that of Subdivision 41
had a som@what lower, and Subdivision 42 a decidedly lower; growth
rate. The 1954 length-at-age data for Subdivisions 40 and 42 did not

appear to be much different from those of the fitted curve for 1949
from Subdivision 39.

In Figure 23, the growth curve for jigger 1940 had an L, and
k of gbout the same magnitude as the trap 1949 sample (Fig. 21). The
Jigger curve for Subdivision 42 in 1961 had a low Lgeand high k. The
growth rate was much lower than for the Subdivision 40 jigger sample of
1963. The gillnet sample for Subdivision L2 displayed a lower rate of
growth than that of Subdivision 39. The handline samples for the same

two Subdivisions virtually overlap.

Growth curves for line-gear samples are shown in Fig. 2k,
In Subdivision 42 longline samples were taken mostly from'the'Bellé'
Isle area. Longline samples taken by small open boats closé'to ShoréA
were termed linetrawl samples in all Subdivisions. In Subdivision 39,
the longline samples are those from deep water.

Linetrawl samples from Subdivison 41 in 1947 and from
Subdivision 42 in 1962 were similar. The:longline samples for Subdivision
39 in the 1960's and the linetrawl and longline samples of Subdivision 42
in 1965 have high L 's and low k's. The Lg for Subdivision 42 longline
in 1962 is intermediate between the other longline samples and the line-
trawl sample for 1965.

'B.. LENGTH-WEIGHT RELATIONSHIP

From inshore samples from Subdivisions 39 and 42 in June-July
1963, 803 round and 1279 gutted (head-on, gills-in) cod were weighed to
the nearest ounce. Length-weight curves were constructed by fitting

least squares lines to the log-log transformations of the data.

Tt was found that the wholé range of data could not be.
described adequately by one straight line fitted to the log-log
transTormations. In both the round and gutted fish an increase in
slope was apparent after the fish had reached about 70 ecm. Two curves

were therefore fitted in each case (Fig. 25). The equations are:



it

1=

¢

100
90

H A 0
¢ 6 3 3 8

30

LENGTH (Cwm)
»
[=]

LR JNLN LI LN NN LI LI N A D L S A |

- SUBDIVISION 40

SUBDIVISION 42

LI LA L e B T Y S B A B o o e e
SUBDIVISION 40, 1954 o
SUBDIVISION 42, 1954 A

SUBDIVISION 39 ]
1949

SUBDIVISION 39

SUBDIVISION 39

0k SUBDIVISION 40 .
SUBDIVISION 41
60 4
50 |- -
ol 4
0+ 4
gola Lo Lo Lo | o bt b ) o 8o Ld 8o ) L)oo L b b ) a1 )y
2 4 6 8 1012 14 16 8 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24

Fig, 22. Comparision of fitted growth cutves.of trap-caught cod in

AGE (YEARS)

various subdivisions in Division 3K.



LENGTH {CM)

Prr Ty rTTTT T T Y T T T TV

A

f&ﬁoﬁ:’

/ GILLNET

/ SUBQIVISION 39
SUBDIVISION 42
1960's o

LN DL DL NN LIRS LA LI DR SRL AN LI ML |

Y N R N B

INE
SUBDIVISION 42
60's o
VISION
159"?2‘ SAO 39

1

P X e SN Al [ @

JIGGER
ISU68|DlVlSlON 42
SUBDIVISION 40
1963 o

P BN BNV NS TN NN BTN BTN G N S|

A D

JIGGER
SUBDIVISION 39
1940

P I Y T T I YA |

4 6 B 10 12 14 6 18 20 22 24
AGE (YEARS

23, Average length at age and fitted growth curves of cod
caught by various gears and in various subdivisions and

years in Division 3K.




T T T T LRI B N L B B BN B i o
= Lule s
90/~ o © /A/T—' ]
-
a0~ o°°°o° ° A ]
L 2o ° 7
70_— ° ° —~
so- J
- LONGLINE LON {
S0 J SUBDIVISION 39 suaosnlilgfgu 42 =
- 4 1960 1962 o -
a0 1963 A -
= -
.30 —_— _—
T ]
2100t~ -
z t i
ESOT /Ai/A p
- sof~ L8 a8 o]
L ° )0 %0 o
70 ]
_’_ °°TL°-°—-°&— i
&0 .
oF / -.‘
I o 7
a0 LINETRAWL Fy LINETRAWL -
- SUBDIVISION 41 SUBDIVISION 42 .
ol © 1947 1962 o -
N 1965 A -
20 _
1o 1
P PR S PO N PO PO PO PO NS PO PR N N PO O DO PO I T
2 4 6 8 10 12 14 16 168 20 22 26 2 & 6 8 [0 12 14 16 18 20 22 24

AGE (YEARS)

g. 24, Average length at age and fitted growth curves of cod
caught by linetrawl and longline in various years and in

various subdivisions in Division 3K.

LIDIKANKT

M. U, PN




LENGTH (CM)

30 40 50 60708090 30 40 50 €0 7080 90
1 ¥ T 4 LA B I L I 1] LU

L f
; 16k
i
ROUND GUTTED, HEAD-ON, GILLS IN
-9
: i 420
et Jis
f 1ol dio
g} {e
;‘ 2 @
: = gl & 2

& 1%

W I
, z w
. 8 14*
i -
g 4 / f

I 4 {2
2+ j/

. ) {
b o - ] 7 '
; =2r 1 / L1 1 Lt { 1 L -l ! 1 .
' -4 6 18 20 14 16 +8 20

LOG LENGTH (CM)

Fig. 25. Relationship of length. to:round and gutted.(head-on, gills-in)

veight of cod caught in June-July in Division 3K.

I~ LIDISN/AAIN G

aan




gutted weight (to 70 cm)
' - (over TO cm)

round weight (to T0 cm)

(over TO cm)

L]

.00005611 1

.0000004759 17

2.69.

.0000009718 13-83

.00005436 12+1°

3.86

IN. LIDIK/AIINIT

VA"4 VO & %



A3

VII. DELINEATION OF STOCKS

Templemen (1962). concluded that date from tagging,
migration and meristic studies wefé'not'inconSistent with the existence
of one large stock of cod on the east coasts of Labrador and Newfound-
land and to the north of the Grand Bank. He thought it likely; howéver,
that further research might indicate the presence of sub-stocks which
did not intermingle greatly or which separated out at certain seasons.
The present data include observations on the degree of infestation of
the gills by Lernaeocera and on:the number of vertebrae, excluding the

urostylar half-vertebra, in the backbone.

A. LERNAEOCERA INFESTATION

The degree of infestation differed from place to place and
gear to gear (Table 4). In the inshore areas, infestation of longline and
~gillnet fish was generally much lower than that of trap fish. The
infestation of trap fish in Subdivision 41 was very high. In Division
3K, trap-caught fish have traditionally accounted for the major portion
of the inshore landings. In 1963, for example, 60% of the inshore
landingslwere taken by trap (Pinhorn and Wells, 1965). 1x:ztests of total
infestation of trap samples in the 1961-65 period from Subdivisions 39-k2
showed that Subdivision 41 cod were significantly (5% level) more
infested with Lernaeocera than were any of the other Subdivisions. The
rate of infestation in Subdivisions 39 and 42 were significantly different
from each other, but neither was different from that of Subdivision k40..
In Subdivisions 39 and 40, where trap samples from & good range of years
had been examined for lLernaeocera no significant difference in

Lernacocers infestation was found between years within either Subdivision.

As a general rule, the degree of infestation by this parasite
decreased with age (Table 5). 1In the inshore samples, no fish older than
13 years was infested and infestation decreased sharply after a fish
reached T years. The rate of infestation at ages 8-13 was high in the

Subdivision 41 sample but this sample was quite small.

LT _ )
In Subdivision 39,-;(tests carried out on the samples 1lst¢d

in Table L indicated that there was 1o significant difference in degree

M. U, IN. LIDIKAK T
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. of 1nfestatlon between trap, handline and 11netrawl samples at any
age. Longline samples haﬂ 1nfestat10n rates which were not
significantly dlfferent at any age from those of handline and 11ne-
trawl samples but were on the borderline of s1gn1f1cant difference .
with those of trap at ages 3-6. The observed X was 3.85 (5%
significance level - 3.84). Gillnet samplés had significantly lower
infestation at the younger ages thah those from all other géars.

In Subdivision 40, there was no significant différeqéé in
Lernaeocera infestation at any age between the trap, linetrawl,
Jigger and handline samples. In Subdivision 41 there was s signifi-
cant difference between the linetrawl and trap samples at ages 6-8

but not at ages 3-5.

Trap, linetrawl, handline and jigger samples in Subdivision

42 were not significantly different from one another. Longline and
gillnet samples were not large enough to comparé by'small'groﬁps with
each other or the other gears, but in both gears infestation of the
total samples was significantly lower than that occuring in the other

gears.

Infestation rates between Subdivisions were compared. In
each Subdivision samples were combined. for which no 51gn1f1cant
difference had been demonstrated. Longline and gillnet samples were
excluded from the Subdivision 39 and 42 totals, the 1965 trap
sample only was used for Subd1v1510n 41. (Teble 5). )Q tests revealed
.that Subdivision’ bl was different from the other areas for the various
agé groups. The difference betWéen ratés of infestation by age groups
was not significant between Subdivision 40 and 42.. Only fish at age
T showed any significant differénéé among samples from Subdivision 39,
40 mnd 42. The age T fish from Subdivision 39 were significantly more

infested.

Otter~trawl samples for April-May, 1963-6k, shoired lover

rates of infestation than the inshore gears. Total infestation rates
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for Subdivisions 41 and 42 were not'significantly'differént from each
other but were significantly higher than all other areas.- Subdivision’
h3.ipfgstgtion‘was'aignificantly'higher than that of Subdivision U47.
Differences in rates of infestation among Subdivisions 43, 4k and 45
were not significant, nor were rates between Subdivisions 43, Lb ana L7.
z .
No X tests were done between age groups in the otter—trawl

samples because the numbers of infested fish were too small.

B. VERTEBRAL NUMBER

A list of the inshore samples from which the average humber
of vertebrae (excluding the urostylar half-vertebra) and the standard
error of the mean have been calculated is shown in Table 6. 1In analyzing
the data, samples were considered to be statistically different if the
ranges of their mean * 2 standard errors did not overlap. In Subdivision
42 the average vertebral numbers of trap and handline samples were not
significantly different from each other but were different from that of’
the gillnet sample. The vertebral average of a linetrawl sample taken
in 1947 in Subdivision 41 was significantly higher than that of a trap
sample collected in 1965. In Subdivision 40, there was no significant
difference between vertebral averages of fish from the trap and jigger
samples of 1963, but the 1954 trap vertebral average was significantly
higher then these. The vertebral average of the gillnet sample from
Subdivision 39 was different from those of other gears in the area. The
verbebral averages from longline, trap and handline samples.collected in
the 1960's wére not éignificéntly different and so were combined. The
trap sample of 1949 had a very small degree Of overlap with the handline
and trap samples of the 1960's and no overlap with the combined sample.
It is therefore éohsidered to be different from these samples. A line-
trawl sample collected in 1963 had a vertebral average significantly
higher than those of other samples collected in this Subdivision in the
1§60's but was not significantly different from the 1949 trap sample.

In comparing the yertebral average of the 1965 trap sample

of Subdivision 41 with those of the combined samples of Subdivisions




CehE

Ly

=46~

42, 40 and 39 (Table 6), it was found that the average of Subdivision’
42 was higher then all the others. Averages from Subdivisions 41 and L0

were similar but the average of Subdivision 39 was different from that of

Subdivision 41 and was on the borderline of significance with that of’
Subdivision 40. The vertebral averages from samples taken previous to

1961 in the inshore-areas were not statistically different from each
other.

Vertebral averages from otter-trawl samples ranged from
54.2 to 54.5 (Table 6). Samples collected in the early 1950's were
statistically similar to each other in all Subdivisions. While the
averages of samples collected in the 1960's were statistically similer
to each other, averages from Subdivisions 42, 43 and 47 were signifi-
cantly lower than averages of samples collected in the 1950's from
Subdivisions 42 and 4k,

A comparison of vertebral averages from inshore and offshore
samples collected in the 1940's and 1950's showed general similarity
except that the average from the offshore sample from Subdivision L2
vas statistically higher than that of the inshore linetrawl sample
collected in 1947 in Subdivision Ll. The inshore combined semples of’
the 1960's from Subdivision 39, 40 and 41 had averages statistically
lover than any of the offshore (1960's) samples. The average for’
Subdivision 42 for the 1960's was no different from the offshore
samples. Figures 26 and 27. show the vertebral avereges with their

respective standard errors.

.

LIDIN/AAAN

I

.




TN s s A g oL

2

Fig.

[ 1

26.

L

v
»
)

-

3
~

#
[
Y

3
}

-

-
[

3 -
3

e P

LA

PN
'

L

Vertebral a.vera.ge a.nd standa.rd erreQ

caught in Division 3K in the I950's.

a e . . e - " -
b
L2
0se
47
- gt
-
SN
-’ ~
P 3
E— P
; "_,-" P
H T ". R4 ””
\ /" ‘\‘ - :/
\-\_,- 4 . - . »
444 - a5 26
S < . il |
§
0°
as* %4 [ 82° s 08

T by subd1v1s1on of cod

LN o

vi. . I,




(SIPRPRL N ) |

v,

T f /

| {

i sl . (‘.
! A

r;kg = ._: -
¢ ,/f.““}fﬁ % ‘P_‘,W-r'}/

g:

| sezsitooze

s4i82¢ 0-040~
!

[« Ty
uw s4186¥ 9-06¢

LILIIN/INT

. L -
B ” ‘.) l
. . ) ,' \,_.\ " “',." [
ry AR /’ RN PR e
B sl SN At il -, ;
3 W e " 7T aak -~ 45 a6 |
: ‘ N, o D/ { ;
I I fa ls ) .\‘. ” : { \ bl
¥ {5&5§o§3}oq;: \ e . |
g Ise23sfetios aX] T 1 !
A s 2 . = _ ~ -/.‘,
g j -~ s P i . 3782 0-07 !
; f s3-6n o077 sy, ™~ [34278 = 0070 »
Cy w’ N 53810t 0ipg2 39 %i
. ' ! . g \'

Fig, 27. Vertebral average and standard error by subdivision of cod

caught in Division 3K in the I960's.




VIII. SEXUAL MATURITY

A. 'SEXUAL CYCLE

Table T shows the percentages of immature and mature
cod'present in combined samples taken during the period 1960-65.
The Jpne—July‘ sample consists of trap-caught fish while all other
samples are from ottér trawl. Of the mature fish, the percentla.ge's
of post-spa.whing fish and of pre-spawning and spawning fish combined
are shown in Taeble 8. It is apparent that spawning is completed

by the end of July and is probably at its peak in April or even earlier.
B. SEX RATIO

In all the combined samples analyzed, the number of females
was greater than that of males (Table 9). In only one case, the

October sample, was the number of males and females statistically
Y :
similar according to X tests at the 5% level. '

C. AGE AT SEXUAL MATURITY

Tn the combined otter trawl sample collected in April-Msy
in 1963-6L, all cod, male or female, of age L and below were immature,
while all those of 9 years and sbove were mature. The percentages of
mature males within this range were consistently higher than those of

mature females (Table 10).

The ages at which 50% of the males, 50% of the females, and
50% of the combined males and females, were mature (M50 )‘.. were calculated
according to the method of Fleming (1960). This method, the"L]))O"
procedure (Bliss 1935 a,b, 1952; Mather 1946) was adopted by Fleming
from Stanley and Slatis (1955). Fleming (1960). demonstrated the method
by means of a worked example. Table 11 shows the relevant statistics
and Fig. 28 the fitted curves. M50 for'males was significantly

different from that of the females, but the slopés were similar.
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Fig. 28. Percentage mature at age for cod caught in April-May,
1963-6L4 in Division 3K. Males and females and combined’

male and females are shown separately.
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Estimgtes of total mortality were obtained from least

squares regresSions fitted to the descending right limb of catch

curves based on'perCentagg age distributions.  Only otter~trawl

cdgtches were used as these were felt to sample the population'moré

randomly than the inshore gears. Percentage age frequencies were com-

bined for 1950-52, 1960-62 and 1963-64 (Fig. 29). The data for 1950- |

52 and 1960-62 followed fairly closely the fitted straight lines

over the whole range of ages used, namely 5-1T years. The instantaneous

total mortalitiés derived from these curves were 0.32 and 0.25 respectively,

indicating little chenge in total mortality over this period. The data

for 1963-6L4 for the same range of ages assumed a concave shape and were

not adequately fitted by a single straight line. Accordingly, two lines

were fitted, one to ages 5-12 and the other to ages 10-17. The

respective total mortalities were 0.73 and 0.25.
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X. DISCUSSION AND CONCLUSIONS

A, 'THE FISHERY

Up to the early 1950's the fishery off the northeast coast

of Newfoundland (ICNAF Division 3K) was primarily an inshore one

carried on by Newfoundland fishermen in smgll open boats near the

shoreline and using a variety of gears. In 1958-59 the number of

hours fished yearly by foreign otter trawlers fishing offshore

increased to a level about four times as great as that of 1954-5T

and remained at this high level for the period 1958-65.

The otter~

trawl fishery accounted for 20-25% of the total landings in 1954-57
but 55-75% in 195'8—65.. The catch per unit effort for the otter-trawl

fishery has remained fairly constant over the whole period. The

landings for the inshore fishery have decreased both absolutely and
relative to the total cod catch in the ICNAF area by Newfoundland

fishermen.

B. AGE AND LENGTH COMPOSITIONS

with the arrivel in shoal water of schools of cod which have 'pursued the

capelin from deeper water towards the land. The fishery in the early

The inshore fishery in Division 3K usually begins in June

part of the season is carried out mainly by traps - large, boxlike
devices of netting which may take up to 10,000. pounds or more of cod

in a single haul.

than 20 fathoms.

Traps are usually set in depths of more than T and less -

The catches in recent years have been comprised

of fish of average size between 49 and 55 cm and of ages k-8 years.

Differences in the size and age compositions are app

taken from different parts of the division in the same years.
season progresses, the cod move out of the range of depths at which

traps are effective and are fished by other gears,
These gears usually’ take

lines, longlines, gillnets and jigger.
Tn the southern part

somewhat larger and older fish than the traps.

of the Division deep water is available relatively close to shore, and

longlines set in depths greater than 100 fathoms take fish of & much

greater average size and age than the other gears mentioned. These

arent in samples

As the

ineluding hand-
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data indicate that cod in their spring feeding migrate towards land,
tend to distribute themselves by depth.such that proportionatély more
large cod are to be found as the depth increases. .Furthérmoré it would
seem that many of the largest cod living in water of'depthsfgréater
than about 100. fathoms do not make the inshore migration at all.
Templeman and Fleming (1956) have found this to be the case in fishing
areas further south in Newfoundland. It may well be that these large
Pish have feeding habits and capabilities which ensble them to meke

use of the food availsble in the deep water in the spring at the timé

when smaller cod are pursuing capelin towards the land.

Catches by trap in 1949 and 1954 contained large numbers of
old fish. Since 1961, however, fish aboué 8 years of age are much more
poorly represented in catches by this gear. Catches by jigger in 1940

LILZIN/AIN S

and shallow water linetrawl in 1947 also contained large numbers of
older fish.

Year-class dominence was not evident in samples taken from
1947-50 Prom coastal areas of Labrador and Newfoundlend by Fleming
(1960). The samples of 1949 trap and 1947 linetrawl catches analyzed

IvY.

by Fleming (1960) have been re-examined for age in the present study

.

and this conclusion is confirmed. However, in more recent years

dominant year-classes appear in most of the inshore gears. Exceptions

SAAT

are fish caught by deep-water lbngline in Subdivision 39 and by longline
in the northern part of Stubdivision 42.. Gillnet samples usually showed
a predominance of 3 or i year-classes in the 7-10 year-old range. The
year-classes of 1955, 1957 and 1959 were strong in samples from all

inshore gears.

The appearance of dominant year-classes in recent years
indicates that the stock of older and larger fish has been so depleted
that the strength of a new year-class entering the fishery can have an
immediate efféét'on the landings. In the majority of inshore gears,
where the range of ages taken is low, & strong year-class may mean the
difference bétween a successful or umsuccessful fishing season. In

those line-gear fisheries where there is still a wide range of ages,
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the success of the fishery is not now dependent on the strength of a
single year-class entering the fishery. Presumebly thé succéss of a
year-class is due mainly to mortality during the egg and larval stagés
when the fish are particularly vulnerable to predation and ﬁnsuitablé
environmental conditions.

Hermann, Hansen and Horsted (1965) show a positive correlation’

between temperature and survival of cod larvae off West Greenland. Martin
and Kohler (1965) on the other hand, found that recruitment of cod of the

southern ICNAF area is negatively correlated with sea surface temperatures.

It is interesting to note that 1957 and 1959, years in which there was good

Year-class survival in the Division, were unusuelly cold years (Templeman,

1965). It is likely that many cod eggs and larvae are carried to the

northeast coast of Newfoundland from spawning grounds on the slopes of

Hemilton Inlet Bank, Labrador. Large numbers of spawning and post- S
spawning cod were found in this area in otter-trawl surveys in April-; p)
May 1963 (Templeman and May, 1965). The.general'current system in the 3
ares is a southward one (Smith, Soule and Mosby, 1937) and larvae from 1

" this northward spawning probably settle to the bottom all along the |

east coast of Newfoundland.

Research otter-trawl cod catches in 1950 and 1951 had a wide )

spread of ages similar to that encountered in the inshore gears prior

to 1960. The 1952 sample, howWever, contained a dominant year-class,

that of 1947. This year-class was well represented in the trgp sample

of 1954 from Subdivision 40, but not as strongly as might have been‘
This may have

expected in the 1954 trap sample of Subdivision k2.
been an anomaly due to the smallness of the sample (120 fish) in

Subdivision 42.

In the otter-trawl samples of the 1960's the 1957 and
1959 year-classes were outstanding and may be traced in the length

frequencies as distinct peaks for a number of years. In 1960, the
3~year-olds and in the following

1957 year-class was very strong as




=56

year, as h—year-old Pish, it dominated the otter-trawl catch and was
very strongly represented in the trap catches of that yéar. It was
predominant in the 1962 otter-trawl catch and in the trap, Jiggér and
handline catches inshore. It continued to be strong in 1963, being
predominant in the otter-trawl catches, and in thé trap, Jigger and
handline catches in all Subdivisions. In 1963 the 1959 Year-class was
also fairly strong in the otter trawl but of minor‘importancé inshoré.
In 1964 the 1959 year-class was predominant in the otter-trawl catchés
while the 1957 year-class was of reduced importance. The 1957 year-
class was still predominant in Subdivision 42 and the 1959 year-class
was next in importance. In the south, in Subdivision 39, the

1959 year-class was second in importance to that of 1960 and thé 1957
year-class was considerably reduced. The 1957 yéar—class accOuntéd for’
better than 40% of the handline catch in 196k in Subdivision L2.’

It is apparent that otter-trawl samples are generally
representative of the fish which are taken inshore, except that the -

otter-trawl catches may contain large numbers of 3-year-olds which are -

geldom represented in the commercial gears operating.inshore. Two-
year-old fish mey be quite well-represented as in the 1959 otter-trawl

length frequency. One-year-olds are seldom teken in large quantities.

The age distributions of 1960 and 1962 contain
proportionately more older fish than those 1963-64. As noted
previously, the samples of the 1950-51 period contained a good range
of older fish. The 1952 sample was, however, dominated by the 19L45-57
year classes. It is likely that the 1952 age frequency represents not
a diminution of the older age groups, but a great influx of a successful
1947 year-class. This year-class was abundant in the West and East
Greenland areas (Templemsn, 1965) and in Labrador (May, 1959). The
decrease in numbers of older fish from 1950-52 to 1960-62 and agein
to 1963-64 is indicative of the increased fishing mortality consequent

on a great increase in fishing effort after 1957.
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Otter-trawl age and length compositions for the different
Sﬁbdivi;ions in May, 1963 were similar but there was g tendency for
relatively more younger and smaller fish to occur in the moré
landward Subdivisions. This is apparently a refléction of the beginning

of the inshore migration with size differentation by depth as previously
noted.

C. GROWTH

The results suggest that the growth rate of cod taken by
otter trawl has increased progressively from 1950-52 to 1960-62 and
to 1963-64. The fitted curves were:

September, 1950~52 | lt = 65 (l—e_'h6(t_2'o3)).
August~September, 1960-62 ' 7 (1_e—.2h(t-.7h))_
April-May, 1963-64 86 (1_e—-15(t-.38))_

1]

chincreased while k and to values decreased over the period.
In fitted curves shown in Fig. 23, the curve for October, 1964 is higher
than that for April, May 1963-64 except at the extremities and the Ly's
are both 86 cm. The April, May curve describes the growth characteristics
of cod during spawning. In October the increase in length may be

considered to be slmost complete for the year.

Tt should be noted that generally the length at age t in the
October sample is greater than that of age i+l in the April-Mey samples.
This indicates that the growth of cod during the growing season of
196k was grester than that of the previous 2 years incorporated
in the April-May 1963-64 curve. The trend towards increase in length

at age evident from 1950-64 may therefore well be continuing.

The overlap of the curves for August-September 1960 and

September 1950-52 with that of April-May.1963-6k4 is probsbly due

mostly to seasonal increment of length. Tt is nevertheless apparent

that the increase in growth has occurred mainly in fish of ages 8-10 and

gbove.

3 f
In the major inshore gear, trap, growth rates in the 1960's
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from Subdivisions 30 and 40 have increased considerably over those from
samples taken in 1949 and 1954 respectively. There was a less pronounced
increase in growth rate in Subdivision 42, from 195L4-65. The differences

in age-at-length are most apparent in fish of T Years and older.

A Jigger sample collected in 1940 in Subdivision 39 and a
linetrawl sample collected in 1947 in Subdivision 41 were practically
identical to each other and to the trap samples taken in 1949 in
Subdivision 39. It has already been noted that the 1949 trap growth
curve fitted reasonably well the length-at-age data for the 195k

collections from Subdivisions 40 and k2.

The growth curve for Subdivision 42 in the 1960's was much
lower than those of the Subdivisions further south. For Subdivisions
39-41 some of the differences in growth rate were not large but the

curve for Subdivision 39 was somewhat higher than that of Subdivision L1.

In samples teken in the 1960's from Jigger and gillnet growth
rates in Subdivision 42 were lower than those of Subdivisions 40 and 39.
However, growth rates in Subdivisions L2 and 39 were very similar for a
handline sample taken in Subdivision 39 in 1963 and the combined sample
of 1963-65 for Subdivision L42.

Longline and linetrawl samples from Subdivision 42 and long-
line samples from Subdivision 39 were similer in having L,'s in the 90-
113 cm range and k values of 0.10 to 0.13. These curves lie far above
those of the other inshore gears and of otter. trawl, and may be artificially
high because of hook selection favoring the capture of larger fish. How-
e'ver, the 1947 linetrawl curve for Subdivision 41 was practically the same

as curves for semples collected from other inshore gears at about the same

time.

It is reasonsble to suppose, then, that an inshore growth
Lo,
curve for the Division based on any one of the samples teken in 19
1947, 1949 and 195k would be representative of this early period for
H]

= 6
the whole Division. The curve for the 1949 trap sample was 1, 9
(l—e—'29(t—l'05')) . The trap curves for the period 1961-65 show a
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decided differénce between the northernmost and southernmost Subdivisions
so that both the curves are listed below:

88 (l_e-.16(t'-o),)
~.24(t=.041)

Subdivision 39

Subdivision 42

73 (1-e ).

The otter-trawl curve for 1950-52 is not greatly différent '

from that of the inshore curve for 1949.. The inshore curve for Subdivision

39 is very similar to the 1963-64 offshore curve. The curve for Subdivision’
42, however, is most like the 1960-62 offshore curve.

The difference in growth rate in cod of the northern part of the
Division from that of cod in the southern part may perhaps be due to
environmental conditions. Growth of cod may be modified by external faptors
and is different in cod from different areas. Studies on cod growth are
numerous (Wise, 1963) and recent studies relating cod growth to environ-
mental conditions have been published by Taylor (1958), Kohler (196L),
Dementyeva and Mankevich (1965), Heérmann and Hansen (1965), Jomsson (1965),
May ‘et ‘al (1965), Williamson (MS 1965), May (1966), and Wiles (1967).
The study by May et al (1965) showed that for cod in the Newfoundland
area, von Bertalanffy growth curves had highest values of k and least
values of I in the cooler waters to the north. The present differences
in the inshore curves between Subdivisions 39 and 42 in the samples of
the 1960's are related in s menner similar to the curves of Mey et 'al
(1965). Their observations of the hydrography of the area vere that
there were increasing surface temperatures and decreasing volume of cold

water (less than 0°C) from north to south.

Hermsnn and Hansen (1968) report a positive correlation
between cod growth and temperature changes in the West Greenland area.
Jonsson (1965) found that immature cod in Icelandic waters provided a

~ good example of a strong positive correlation between temperature and
growth, As noted above a positive correlation between L,and increasing
| latitude was shown by May et al (1965). On the other hand Teylor (1958),

after constructing von Bertalanffy growth curves for widely separated
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areas of the North Atlantic and relating these areas to availsble mean
sea surfage'temperature dgta, found that L, and life span decreaséd
with increasing surface temperature. Holt (1959) proposes that, on
theoretical grounds, L gpshould decrease slowly with increasing temper-

ature.

On the basis of opposite findings such as those shown.abové;'
it may be inferred that temperasture may not be the mador'factor'influénc-
ing growth. In any event, the‘influence'of'temperaturé on fish growth
is usually taken to be partly an indirect one, through its effects on’
the feeding actions of the predator and the distribution of predator and
prey. Kohler (196L4) found correlations between temperature and food
consumption and between food cohsumption and growth, but could not .

demonstrate a direct temperature-growth correlation.

The difference in growth rates between northern and southern
extremities of the Division is therefore provisionally attributed to
temperature differences between those areas. Results indicate lower Lo
and higher k with increasing latitude. Cod in the higher latitudes
(cooler water) reach a lower aversge maximum size than those from the
lower latitudes (warmer water). Furthermore, cod in the higher

latitudes approach their maximum size more rapidly than do those to.
the south.

The increase in growth rate between 194954, 1960—62 and 1963~

64 may not be due to temperature changes .over the whole area. Sea’ temp-

eratures for the area should have been increasing over this period in

order for an increase in growth to be appareht.' Comparative hydrographical

arce but Templeman (1967)<reports'a series of temperature
situated about 2 nautical miles from

information is sc

data for Hydrographic Station 2T,

St. John's. The correlation between mean sea temperatures, especially

and air temperatures in the same year at Torbay-St. John's

In the sbsence of a good serigs of hydrogr

the trends shown by Templeman (1967) for
e Division.

at the surface, .
aphic data

was extremely good.

from the Division under study,

Station 27. are taken as indications of what occurred in th

~yeaxr means, have decreased

Mean annusl air temperatures on the basis of 5
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since the early 1950's. For the period}betWeen.l950-62,lthéré was &
slight downward. trend in the water temperstures.' It is therefore
unlikely that increases in growth rate during this period were due to

temperature increases.

Coincident with the observed. growth changes was & lqrgé
increase in fishing effort for the fishery as a whole. This increase .
was due to increased otter~trawl fishing by. the foreign offshoré
fleet starting in 1958, It is hypothesized that the reduced density

of older fish provided relatively more food per fish and was a mejor factor

causing the increased growth rate. Kohler (196k4) postulates that changes

in the growth rate of cod in the western Gulf of Stii Lawrence were due both

to changes in abundence and availability of food, and to changes in
competition for food resulting from density changes due to fishing.
Williamson (MS 1965) attributed increased growth rate of cod of the
southern Grand Bank partly to increased fishing. For the northern Gulf
of St. Lawrence, Wiles (MS 1967) reports increased growth rate coincident
with well defined reductions in larger and older cod in the commercial
landings. May (MS 1966) considers it most wunlikely that observed
changes in growth rate of Lebrador cod were due to temperature and
sttributed the change to increased fishing. BEvidence in this case is

not completely conclusive but change in growth is attributed primarily

to increased fishing.

The change in the rate of increase in weight at about length
70 cm occurs in both round and gutted fish. This implies a change in
body proportions. Data are not now available to explain this interesting
phenomenon. It may be due to change in the type of food eaten. Moréovef,
as the fish reach a sufficiently large size, activity may be lessened

because they are not'very lisble to predation and are theémselves capable

predators of a wider range of sizes of prey.

D. DELINEATION OF STOCKS

Templeman and Fleming (1963), in a study of the distribution’

of Lernseocéra in the Newfoundland area, found that infestation declined

D G P me we = -
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approximately in proportion to the distance from shore. The otter-trawl

samples of the present study confirm these findings for Division 3K.

Templeman and Fleming report that cod infestation takes place mainly

inshore from mid-summer to early autumn on the east coast of Newfoundland.

During this time the intermediate host, the lumpfish, Cyclopterus lumpus

L. is common in inshore Newfoundland waters, and cod which have come

inshore during the spring migration are liable to infestation by

Lernacocera larvae which infest the gills of the lumpfish. Since, as
has been noted previously, cod exhibit a depth preference according to

size during this migration, it is to be expected that younger and smaller

fish be more heavily infested with Lernaeocera.

Rates of infestation by Lernaeocera may bé misleading when
only entire samples are compared. In the inshore samples, the infest-
ation in Subdivision 41 was significantly higher than in Subdivisions
39, 40 and 42. Infestation in Subdivisions 39 and 42 was significantly

different. An analysis by age groups indicated thet while the infestation
in Subdivision Ll was indeed higher, there was no significant difference

in infestation among the samples from Subd1v151ons 39, 40 and 42 except
~year-olds in Subdivisions 39 and Lo,

for s difference in infestation of 7
Offshore collections were not infested heavily enough to compare infesta-

tion by age groups.

maller fish iz heaviest,.

That infestation of younger and S
gillS'highly'infested'with '

and taking into account that lumpfish with.
near the shore, “confirms the

Lernacocera larvae have been found only

differential in cod sizes with depth during the spring migration in

£ cod infested by inshore gears

Division 3K. Differences. in numbers 0
n by these gears. It may also be

is related to the sizes of cod take
at cod taken in Subdivislon ‘b1 gt

coneluded from the inshore datae th
ct substock which does. not 1nterm1ngle

least, form more oOr "less e distin

The heawy rete of

fully with cod of other parts of the Division.
1so suggests & large concentration of

infestation in Subdivision 41 a

lumpfish in that Subdivision.

at significant :

arison of vertebral. averages showed th

A comp
ubdivisions and

n a vertebrel average may occur between S

differences 1
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within Subdivisions, between different gears and even within the’samé
gear. When samples displayed similer averages, they were combinéd.

The vertebral averages for samples taken previous to 1961 in the inshore
area were not statistically different from each other. In addition,
offshore averages for that period were statistically similar to each
other and in general were similar to those of the inshore samples,
except that the offshore average for Subdivision 42 was higher than

that of the inshore linetrawl sample collected in 1947 in Subdivision
41,

The inshore samples collected in the 1960's in Subdivisions
39, 40 and 41 had vertebral averages significantly lower than thosé of
the offshore samples. The inshore average for Subdivision U2 was not’

different from the averages of the offshore samples.

The average vertebral number in this Division seems, in '
general, to have declined over the period studied. While the averages, ; .
both inshore and offshore, were essentially the same throughout the : @;
Division in the 40's and early 50's there is a tendency in the 1960's

for the inshore averages to be lower than those of offshore,

. Templeman (1967) showed a general increase since about 1925

A ]

to the early 1950's in air temperatures based on 5-year running means.

Since then to the early 1960's there has been a decline in air temper-

FY o

atures and in sea surface temperatures. Early studies showed that
temperature and meristic characters are negatively correlated (Schmidt
1919, Motley 1934, 1937; Taning 19Lk, 1945). Templeman (1962) states

that, in the North Atlantic, high temperatures produce low vertebral
’ If the upward

f the trend

numbers and low temperatures high vertebral numbers.
trend since 1925 in air temperatures at Torbay is indlgatlve o

in the surface waters of Division 3K during the same years, the general

decrease in vertebral numbers is easily understood.

The differences between the inshore and offshore samples in

the 1960's samples arenot so easily explained. The offshore samples

— b

i 1 l S.
had, in general, higher vertebral averages than the inshore sample
2
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The difference may be due to differences in the year-class structure

of the samples taken. OSince the vertebral number depends on the
temperature, year to year variations in vertebral averages can be
expected to occur. While the possibility of random sampling error cannot
be overlooked, it is not considered to be the likely answer. According
to Templeman (1962), cod of vertebral averages lower than 53.0 are to

be found in the Gulf of St. Lawrence, and averages mainly below 53.0 on
the southern Grand Bank. A coastwise migration from either of these
areas into the Division would have the effect of lowering the vertebral
average. Such migrations are considered to be a remote possibility in

light of Templeman's (1962) conclusions.

If higher vertebral numbers in the offshore samples of the
1960's as compared to the inshore samples are not an artefact of the
year-class distribution of the various gears, or of sampling error, or
of migration into the Division from other areas, it must be concluded
that the inshore and offshore stocks are relatively distinct. In that
case sinee the number of vertebrae is fixed in the early stages (Taning,
1952), spawning would have to take place in different areas or in the
same areas st different times. An analysis of the distribution of

spawning cod was not undertaken in this study.

E. SEXUAL MATURITY

Templeman (1965) lists the spavming periods for a number of

cod stocks: |
West Greenland cod March-April-May "
East Greenland cod April-May
Icelandic cod Mid-March-mid-April

Arcto-Norwegian cod 1ate February-March-mid-April

Thompson (1943) gives the maximum spawning period on the

However, recent wmpublished information

on indicates that the peak
(1966) reports the time of

Grand Bank as early June.
on file at the St. John's Biological Stati

of spawning takes place in April-May. May
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maximum spawning in southern Labrador to be March. The peak of

spawning in the southern Gulf of St. Lawrence is in June (Powles ,' 1958).

In Division 3K, the peak of spawning is probably in March

but coptinues into April and May. In inshore catches there are usually

a number of pre-spawning and spawning individuals, especially among

the larger fish, up to August and September.

Fleming (1960) shows a decline in the size at first maturity

and in general, a decrease in M50 and increase in slope (range of ages

over which maturity takes place) between the cold eastern and northern

areas and the warmer southern and western areas. The M50 and slope for

the combined sample in the present study were 6.34% and 1.16 respectively.
The M50 is not statistically different from that derived by Fleming
(1960) but the slopes are different at the 5 per cent level. That the

slope is higher is consistent with a warming trend over the interval. o

In recent years cod metured over a narrower range of ages than formerly. '

The slope for females was not different from that of males but

the M50 was significantly different, (t= 6.98, p .01). Males mature

earlier than females. It is not inconceivable that the predominance of fe-

males in nearly all samples is due in part to their increased age at

sexual maturity. Spewning concentrations in the north are heavily fished,
(May, MS 1964) and mature males are taken at an earlier age. The differ-

ence between MSO of females and males is taken to be a genetic one.

F. MORTALITY

Ricker (1958) describes the methqd‘wheréby mortality rates

can be obtained from analyses of catch curves based on age distributions.

The ascending limb of the catch curve reflects the selectivity of the
ounger fish to ‘

gear towards smaller fish and/or the unavailability of ¥
It is not a reliable indication of the abundance of these’
ge at which the fish

the gear.

groups. The dome of the curve is taken to be the a
The descending right limb of the curve
Straightness of the

are fully recruited to the gear.

is an indication of the action of total mortality. A
nterpreted in the manner of

right limb or any part of it is usually i
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Baranov (1918) which involves the following conditions:

(1) Mortality rate at each age is the same.
(2) Sampling is random.
(3) Recruitment is constant, that is, age groups are equal in

number et the time they entered the fishery.

(4) There is no change in mortality rate over the period.

The effects of an increase in mortality raté'is not'immediatély
apparent in the catch curve (Ricker, 1958). After a number of years have
elapsed, a concavity appears. The older ages may still reflect the
originsl mortality rate. A fairly good estimate of both the new and the
0ld mortality rates may be obtained by calculating the greatest and
least slopes of the right limb. Such a curve was obtained for the 1963-
64 otter-trawl data. The fit for the older ages is fairly'good'and the
total instantaneous mortality estimate of 0.25 is in excellent agreement
with that obtained from the 1960-62 curve and in good agreement with
that of the 1950-52 curve.

The fit for the younger ages for the 1963-64 curve is not so
good. There is considersble fluctuation about the line with a slope
indicating a total instanteneous mortality of 0.73. This estimate is

therefore taken to be a minimum.

A method of estimating natural mortality proposed by Silliman
(1943) is appliceble when (1) there have been in the history of the
fishery 2 different levels of fairly uniform fishing effort, (2) natural
mortality has remained the same for the two periods, (3)'fishihg
mortality is proportional to the fishing effort expended.
7 n thé 'Division 3K
Otter-trawl

These conditions appear to have been met 1
otter-trawl fishery for the periods 1954-57 and 1958-65.
effort increased by a factor of about 4. Instantaneous fishing mprtgllty,
F, and natural mortality, M, are additive an

total mortality.

d their sum equals Z, the

0.25 for the early period.
0.73 for the later period.

Thus F + M
UF + M

]
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The solution of this equation glves estimates of M = 0 09,
F = 0.16 for the early period and 0.64 in the later period. If the
total mortallty rete derived from the 1950-52 data. is used, the values

are M = 0.13, F = 0.12 for the early period and 0.60 for the later

period.

The estimate of M = 0.09. is probably rather low. The natural
mortelity rate is certainly not greater.than 0.25, the total mortality
for the 1960-62 period. Estimates of fishing mortality.of 0.60 and 0.6k
are probably not representative of the true fishing mortality of the most

recent years. A line of much steeper slope and consequently greater

total mortality could be fitted. to ages T-8. The fishing mortality estimates

for recent years are therefore considered to be minimum.

w3
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Table 1. List of samples used in constructing age-length keys.

Month = .Year . Area . ... Gear ... .. .. Depth Otoliths Measured
Otter trawl '
VII 1950 45 ‘ Unlined 166 . 120 195
IX 1950 L2 Unlined 122 119 700
IX 1951 42 Lined 113 120 228
IX 1952 Ly Lined 165 237 347
VIII 1960 39 ,44-46 Lined 127-258 325 okk
VIII 1960 43,47 . Lined 159-278 118 261
VIII 1962 k1 Cover 90-125 170 170
VIII 1962 Lo Cover 78-99 270 630
IX 1962 - k2 Unlined 99 127 127 .-
A\ 1963 k1 Lined 115 125 170 .
v 1963 k2 Lined 107-114 97 386
v 1963 2 Lined - 98-157 Lo 2870
v 1963 43 Lined 125-175 b7 1558
v 1963 43 Lined 123-200.. 458 192k
s 1963 Ly Lined 148-176 149 517
v 1963 45 Lined 122-170 170 . - 591
Iv 1963 L7 Lined 125-167 557 564
v 1963 I g Lined 123-182 . . 396. 5265
v 1963 g Lined 126-250 . Lh1 381k
IX 1963 L7 Lined 144-203 128 1338
IV 1964 L7 Lined 122-201 21k 233
' 1964 LT Unlined 27120 208 7823
X 1964 L7 Lined 120-200. . 166 2
X 1964 42,43 Lined Th=17T 233 33
VI 1949 ¥ Trap ll';i ﬁg? AT
VII 1961 39 Trap Zf 198 1915
VIII 1962 39 Trap 12-17 o7 6
VI 1963 39 Trap 18-1$ ol 5146
VII 1964 39 . Trap - po 8927
VII 1965 P Trap ll-lg 248 48
VIII 1954 ho . Trep l{-l o1 8057
VII 1961 4o Trap 11520‘ g 062
VIII 1962 Lo Trap 016 207 5356
VII 1963 )-I»O . Tra‘p l _l 26)4 75h7
VII 1965 ko Trep 1ﬁ‘lg 167 1503
VI 1965 hl it ' £6 120 . 120
VIII 195k ka2 Trep 1h-25 276 5450
VII 1961 L2 Trap 813 312 Lol
VII 1963 k2 Trap 10:19 298. 7789
VII 1964 ko Trep 146 319k

VII 1965 42 Trep 10-12




Table 1. (continued)

Honth . Year — Area Gear Depth  Otoliths  Measured
VIII 1962 39 Gillnet 16-40 216 1649 -
IX 1963 9 Gillnet ."33%55 376 2k66
IX 1964 39 Gillnet 25-30 163 202
VII 196k k2 Gillnet 18-50 243 2875
VII . . 1965 42 Gillnet 35-ho 67 l_m9
VIII 1962 29 Longline 138-145 176 1148
VI 1963 39 Longline 135-140 258 967 |
VII 1964 » Longline 150-170 . 348 2190 .
VII 1965 39 Longline 135-150 389 72%;15;
VIII 1962 42 Longline 35 107 126h
VII 1965 L2 Longline 25 100 1166
IX 1965. 42 Longline 17-30 201 27
Linetrawl 5-35 205 1763
¥)Ic 13163 133 Linetrawl 40-60 269 175k
VIII 1962 k2 Linetrawl 28-48 282 23231 ‘
VII 1965 ko Linetrawl 22-50 . 121 L
IX 1965 L2 Linetrawl 30-55 207 3982.
i 145 1181
VI 1963 39 Ha.ndl:.l.ne 11
VIII 1962 Lo Handline 12-§5 égg | Jé;.l::‘i
VII 1963 b2 Handline g:lg 0 1267
VII 1964 42 Handline T 167 1975 .
VII 1965 k2 Handline =10 ST
: - 59k
VIIT 1940 39 Jigger ié_g’g ]32{ 1121
yIroo1see Erpe 118 262 287
e 1963 o ppsaed 20-26 124 2082
VII 1961 h2 Jigger - . RN
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Table 2. Worksheet for von Bertalanffy growth .curves.

I IIIIT T

t 1. 1 in(L -1
[--3

£ el Lol

Calculations for Lg . .

Calculations for k-:and t’o

1. Z[lt(lt+l)]

2. I,

3. 2 1

L, (2)x(3)
5. (1)-(k)
6. 21,2

T. 21,

8. (2)x(7)
9. (6)-(8)
10.  (5)-(9)
11. 1-(10)
12. k(tables)
13, I,

1k, (10)x(2)
15.  (13)-(14)
16, (15)-(11)=Lleo
17. 1n(16)

1. 5[y ]

2. t
3. 2[1n(L°°-1t)]
b, (2)x(3)
5. (1)-(k)
6. 5.4°
7. 2%
8. {(2)x(1)
9. (6)-(8)
10, (5)-(9)

11. -(10)=k
12, In(Tely)
13, (10)x(2)
1k, (12)=(23)
15. 1nle (See prev. #7)
16.  (14)-(15) |
17.  (16)-(11)=%, -




~gear for the various Subdivisions.

~5=

Aver'agé Average

Table 3. Average lengths, average ages and age compositions by

Month Year  Gear length = 15 6-10 ..11-15 1620 21-25
June 1949 trap 52,74 7.18 M 3% 25 - -
July 1961 trap 54,69 6.20 U6 LT 6 1 -
Aug. 1962 trap 51.25 5.25 T4 2L 2 -
June 1963 trap 53.07 5.90 k40 59 1 -
July 196k trap 9,22 5,38 63 35 1 -
July 1965 trap 49.39 .5.37 65 3b 1 -
Aug. 195k trap 60.60 8.76 4 T 15 2
July 1961 trap 55.37 6.4 L2 53 4 1
Aug. 1962 trap 51.16 5.20 T2 28 - -
July 1963 trap 60.17 T.16 16 79 h 1
July 1965 trap 55.97 6.39 33 6k 3 -
June 1965 trap 51.81 6.10 k2 57 1 -
Aug. 195k trap 59.46 10.33 5 55 30 . 10 .
July 1961 trap 48.52 5.3 T1 260 2 -
July 1963 trap 55.07 6.89 25 68 6 1
July 196k trap 53.74 6.49 30 68 2 -
July 1965 trap 49.21 5.66° 56 k43 - -
Aug. 1962 net 72.29 8.82 4 8 . 15 1
Sept. 1963 net 77.05 9.07 3 T5 18 L
Sept. 1964 net T4.65 9.76 1 T3 21 L
July 196k net Th.T9 .1 68 26 5
Jily 1965 fetli.: - 80,88 - 58 3 L
Aug. 1962 . longline 71.71 7 47 3b 9
June 1963 longline 73.11 - 2 61 271 10.
July 1964 longline 73.26 1 57 32 10
July 1965 longline 67.07 7 64 21 8 |
Aug. 1962 longline 69 .70 6 27. 50 15"
.,Sept. 1965 1longline 69 .34 . 10 . 52 3t T
June 1963 linetrawl 56.01 . 21 T2 6 1
Sept. 1947 linetrawl 61.29 9. 10 52 35 3
Aug. 1962 linetrawl 67.66 10. 13 L . 31 1k
.,Sept. 1965 linetrawl 67.23 . 13 52 23 12
June 1963 handline 54.00 . 26 69 5 -
Aug. 1962 handline 56.8% 6.29 56 34 9 i
July 1963 handline 59.17 T.66 10 T8 8

July 1964 handline 57.93 T7.81 10 . TT 2. 1
July 1965 Thandline 55.03 6.7+ 25 T3 2 I
Aug. 1940 . Jjigger 55,02, T.15 Lo . 48 1l

Aug. 1962 jigger 58.13 6.55 k1 b9 g -
Jﬁ_‘l.y 1963 jigger 58.85 6.91 17 77T 1
July 1961  Jigger 58.59 .13 . 59 1‘; 1
July 1950 ottéritrawl  54.63 6.28 k2 50
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Table 3 (continued)

Sub-

-6~

divie Average Average Per cent _ggxggﬁgitions by age
sion Month Year Gear length age 1=5 6-10 11-15 16~20 21-25
4o Sept. 1950 otter trawl 60.70 . 8.62 6 TT 16 1 -
42 .45 comb. 1950 otter trawl 50.37 8.08 14 T 1k 1 -
4o Sept. 1951 otter trawl 57.78 8.16 20 56 22 2 -
Lk Sept. 1952 otter trawl 56.21 6.85 37 52 11 - -
W6,47 Oct. 1959 otter trawl 37.44 - - - - - -
39,

43-47 Aug. 1960 otter trawl  46.85 5.45 67 24 9 - -
bl Aug. 1962 otter trawl  58.h9 8.54 28 46 18 8 1
42 Aug. 1962 otter trawl  5h.22 7.02 L4 ko 12 3 -
4o Sept. 1962 otter trawl  60.29 8.45 28 k3 25 - -
41,42 comb. 1962 otter trawl 55,84 T.49 38 k2 15 4 -
] May 1963 otter trawl 50.09. 6.38 30 . 63 6 1 -
42 May 1963 otter trawl  40.12° 5.26 58 36 5 1 -
43 May 1963 otter trawl L49.72 6.60 28 6k 6 2 -
L) May 1963 otter trawl 45.87 5.62 43 5k 3 - -
L5 May 1963 otter trawl 146.60 5.61 k2 55 2 1 -
L Apr. :

! sz 1963 otter trawl 46.67 5.57 38 61 1 - -
W Sept. 1963 otter trawl  142.95 k.55 67 32 - -~
h1-45, )
L7 ’ comb. 1963 otter trawl  45.90 = 5.68 k2 55 2 1

L Apr.- _
! sz 1964 otter trawl  L42.28 L.8T T §5 " 1 -
L7 Oct. 1964 otter trawl 53.70 = 5.50 . 53 2 . _
L7 comb. 1964 otter trawl bo.67 L4.89 b 26, -
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Table 4. Percentages of cod infested by Lernaeocera.

, Subdivision Year Months Gear Nu:g‘%er Infésted
. 39 19k9 June-~July Trap 165 10.9
39 1962 Aug. Trap 170 T.1
39 1961,63-65  June-July Trap 766 1.2
39 1962 ,64 Aug.-Sept. Net 321 2.2
i 39 1962 Aug. Longline 113 1.8
- 39 1963-65 June~July Longline Lol 3.4
E; 9 1949 July Linetrawl 55 9.1
39 1963 June Linetrawl 119 9.2
E 39 1963-65 June-July Handline 276 7.6
: 4o 1962 July-Aug. Trap 96 8.3
40 1961,63,65 June-July Trap 529 9.6
E 4o 1962 Aug. Linetrawl. 52 0.0
§ Lo 1962 Aug. Handline 103 2.9
: 4o 1962 Aug. Jigger 11k 7.9
b1 1965 June~-July Trap 155 21.6
. W1 1947 Aug.-Sept. Linetrawl 220 6.4
: b2 1961,63-65  July-Aug. Trap 662 T.h
- 42 1964-65 July Net 185 1.1 7
42 1965 July,Sept. Linetrawl 241 5.0 4
b2 1965 July-Sept.. Lomgline 219 0.5
L2 1963-65 June-July Handline L99. . 5.h
b2 1961.,65 June-July Jigger 135 3.0
b1 1963 Apr.-May Otter trawl 125 7.2
4 L2 1950-51 Sept. Otter trawl 240 | 2.2 :
! b2 1963 Apr.-Mey  Otter trawl 305 6.9
43 1963 Apr.-May Otter trawl  T9k 3.3 :
. bl 1952 Sept. Otter trewl 237 3.b ;
z NN 1963 Apr.-May Otter trawl 120 1.7 | 5
45 1950 July Otter trawl 120 0.8 ;
45 1963 Apr.-May Otter trawl 165 1.8 |
b7 1963-64 Apr.-May Otter trawl 1908 1 2 1
4T 1963-64 Apr.-May Otter trawl  16L5 1.
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Table 5.

Sub~
Division

Numbers and percentages by age group of cod infested by

Lernaeocera.

No.

No.

No. %

No.

@
]

-l
4o
b1

b2

295 10.5

162 12.4

8

142

0
6.3

346

233
bl

292

12,7

8.6
29.6
9.3

33k
217

35
328

10.5
9.6
31.k4
8.5

2h1 12.0
119 5.0
21 4.8
2kt 5.7

315
148

16
470

bk

b1

3.1
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Table 6.

samples collected in Division 3K from various gears and in

-9~

various years during the period 19L4T-1965.

Vertebral averages and standerd errors of the mean of cod

2 Gear ai%¥8Ion  Year No. ¥ 8- J+28- X-28-
X X x
2 Otter trawl k1 1963 105 54.238 .105 5k.L48 54.028
: Otter trawl 42 1962,63 264 54.186 .065 54.316 54,056
b Otter trawl 45 1963 115 54.278 .070 54.418 54.138
. Otter trawl 43 1963 565 54.235 .038 54.311 5L.159
7 Otter trawl 45 1950 116 54.353 .084k 5k.522 54.185
.- Otter trawl BT 1963,64 1076 54.257 .026 54.309 5L.205
4 Otter trawl ko 1951 96 5h.b1T .089 5k.595 5k.239
. Otter trawl Ly 1952 222 54,360 .058 5k.477 S5h.2hb
N Otter trawl 43 1952 117 5k.k36 .087 5k.610 5k.262
% Otter trawl b2 1050 116 5b4.k91 .090. . 54.67L 5h.312
e Otter trawl Ly 1952 103 54.53% .087 5k.708 5k.360
2 Otter trawl k2 1951 95 54,526 .078 54.682 5k.370
5 Net k> 1964-65 110 53.055 .097 53.249 52.861
Net 39 1964 11k 53.417 .106 53.629 53.205
;é Trap L0 1963 104 53.615 .115 53.845 53.385
% Trap b1 1965 117 53.590...097 53.784 53.396
7 Jigger 40 1963 109 53.725 .10k 53.933 53.517
b Longline 39 1963-65 223 53.857 .072 54,001 53.T13
. Trap 39 1961-65 212 53.929 .06 54.083 53.TT5
: Handline 39  1963-65 200 53.950 .0TO 54.090 53.810
% Trap L2 1961—65 250 5)4.072 .06k 5’4.200..53.9’4"4‘
% Linetrawl 39 109" 52 5h.250 .13 5h.512 53.988
5 Trap 39 10k 146 54.260 .089 5h.k38 5h.082
4 Linetravl b1 1947 211 5h.218 .059 54.336 5h.100.. |
7 Trap bo 1954 105 5k.286 .092 54,470 54,102
5 Hendline N2 196365 23h 5h.252 060 5h.312 5132
3 Linetrawl 39 1963 110 54,327 .086 5h.bo9 5k.155
Trep o 196k 219 54311 .066 Sh.kh3 ShAT9
% 29 1960's635 53.910 . .0k2 53.99% 53.826
* 40 1960's213 53.671 .OTT 53.825 53.517
*, k2 1060's589 54.182 .00 54,261 54.102
See text.

% Combinations of various gears.

)
§
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T. Percentages of mature and immature cod by sex for various
time periods. The June~July sample is from inshore gears,

but all other samples are from otter trawls.

" 'Males

~ Females
Doubt ful Doubtful
this year this year
Number % . Number 2
X will spawn . will spawn

Month  Examined Mature . year Examined Mature next year
Apr.-
May 134k 35 10 1814 29 -
June- .
July 1018 52 9 1132 46 -
Aug «™ '
Sept. 507 36 17 607 L7 1
Oct. 186 52 12 199 21 31
Table 8. Percentages by sex of mature cod spawning and pre-spawning

and with spawning completed. The June-July sample is from

inshore gears but all samples are from otter trawls.

Males Females

Month Spa.wn% ing &  Spaiming sPa%ning & Spa%ning

Prespawning Completed  Prespawning Completed
Apr.-
May 25 75 16 8h
June-~
July 13 87 1T 83
Aug.-
Sept. 3 97 1 99
Oct - 100

ct.

- 100
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Table 9. Percentages of male cod, observed 2, and expected 2at the 5%
level for various times periods. The June-July sample is from
inshore gears but all. other samples are from otter trawls.

Month Number % Observed o
Males Males :‘:;'”'“'””“)(””.05’

Apr.-May 1344 43 69.95 3.8k

June-July 1018 kT 6.0k 3.8k

Aug.-Sept. 507 46 8.98 3.8k

Oct. 186 48 b 3.8k

Total 3055 b5 3.8k

T1.37

Table 10. Percentages by sex of mature cod over the range of ages in

which they mature.

hee Mature Hales Naguze Females -
L 0 0
5 8.61 2.33
6 5k, 43 24;83'
[ 91.15 70.05
8 95.65 93.75
9 100.00. 100.00
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Table 11. The age at 50% maturity (MSO)’ the slope (m), the standard

error (Si)’ and the chi-square for the computed lines
representing the incidence of sexually mature male,

female, and male and female combined cod in Division 3K.

. 5
Sex Nmnb?r M50 S§ (MSO) n 8= (m) Opserved D.F. X (.05)
Examined
ages 4-9
Male 1120 6.08 .04 1,263 ,110 . 5.412 2 5.991 -
Femele 1525 6.47 .039 1.213 .025 .273 2 5.991
Total 2645 6.3 .029 1.164 ,038 1.925 3 7.815
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APPENDIX IIT - BRIEF DESCRIPTION OF INSHORE GEARS

Trap - See Ronayne (1956) in Canada Department of Fisheries, Trade -
News, 9(4): 3-7 for a description.

Gillnet -~ This is g rectangular nylon fishing net in which the fish is caught
around the gill covers or other parts of the body. In Division 3K
it is usually 50 fathoms long and 2 fathoms deep and can be set
on the bottom or at the surface.

Longline - This consists of a long main line to which are attached,
at intervals of sbout 6 feet, short lines(gangings) 2-3 feet in
length which are equipped with baited hooks. The main line is
usually set along the bottom, and may extend for several miles.
Such a long main line requires a fairly large boat (25 tons or
more) equipped with a mechanical hauler.

Linetrawl - Really the same type of gear as longline but fished from a
small boat and hauled by hend.

Handline - A single line equipped with one or two baited hooks and
hauled by hand.

Jigger - A single line fitted with a double unbaited hook and hauled
by hand.
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