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Abstract

Ages have been determined from the otoliths of mentella redfish
from Hermitage Bay, the southwest slope of the Grand Bank, the Gulf of St.
Lawrenca, Flemish Cap and Hamilton Inlet Bank and of marinus redfish from
the latter two areas, Empirically, growth of both marinus and mentella
redfish from thase areas was found to be well represented by the von
Bertalanffy equation and the parameters of this equation were obtained by
lsast squares fit to the mean length at age values for males and females
from each of the areas examined,

A comparison of ages obtained by two indapendent readers revealed
that although considerable differences were apparent in the estimates for
individual iish, when the results were expressed as growth curves these
were virtually identical.

Differences in growth rat;a between sexes, between the different.
areas and, for samples from Hamilton Inlet Bahk, between depths were
examined using plots of instantanecus growth rate against time, In the
latter study the redfish (mentella) from the deeper waters were found to
grow faster after an age of about 10 years than those of the same age
which had been obtained in the shallower waters.

The order of the growth rates found in this study resembles that
obtained by recent authors from the USA and USSR, however, it was noted
that the resemblance to the work of those authors who used otoliths was

closer than to those who used the scale method for estimating ages,

Lrnis paper is based on malerial submitted as a thesis in partial
fulfiliment of tho‘ requirements for the degree of M.Sc. at the lemorial

University of Newfoundland.
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Introduction

Redfish of the genus Sebastes are widely distributed in
the North stlantic., 1In Northeastern Atlantic waters they runge
from the Barents Sea and Norway to the waters off Iceland and
Eastern Greenland, while in the Northwest Atlantic commercial
quantities are to be found south from lavis Strait to the Gulf
of iMaine, as well us along the coast of West Greenland
(Templeman, 1959). {The area referred to here as the Northwest
Atlantic may be defined as the convention ares of the Inter-
national Commission for the Northwest Atlantic Fisheries (Fig. ).
lhe eastern boundary line of the convention area which, except
nesr Cape Farewell, Greenland, extends along the 42°W longituae
1ine, inides thls defined Northweet Atlantic area from the
Northeast Atlantic,)

Taxonomic position

The taxonomic position of the various members of the genus
vebastes in the North Atlantic is rather confused, At present
the following different forms of redfish can be considered to
exist in the area:

Northeastern Atlantic Sebastes viviparus

Sebastes marinus

Sebastes mentella

Northwestern Atlantic vebastes mentella

vebastes marinus

Bathypelagic stock Sebastes mentells

Some of these different forms are no doubt similar enougn
to be considered the same species (S. marinus of the Northwest
and Northeust Atlantic); others however show differences which
sugzeet that they may not be as similar us would appear from a
superficial externul examination. Thus until the taxonomic
position is clarified it is probably better to consider the
forms from the Northeastern atlantic separately from those
from.the Northwestern Atlantic.

The species which are considered in this paper are

S. mentella and S. marinus from the Northwestern Atlantic.
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Age and growth studies on redfish

From the first information on the likely growth rate of
redfish by Jensen (1922) many persons have attempted to aze
various members of the genus Sebustes. A review of many of the
papers pertaining to age and growth studies can be found in a
paper by Kelly and Wolf (1959). Suffice it to gay here that

- validation studies by Brutberg (1955, 1956a, 1956b) for

redfish from the coast of Norway, by Yerlmutter and Clark
(1940), Kelly and Wolf (1959). and Sundeman (1961) have shown
that redfish grow very slowly and that during their first 10
years of life, one and only one annulus (hyaline layer on the
otolith) is laid down. After the age of about iO years,
redfish otoliths and scales become more and more difficult to -
readjbut Inspite of thiait is possible to ovbtain age estimates
a8 has been done by many authors amongst whom were Kelly und
Wolf (1959), Surkova (1961, 1962), Zagié}ov (1962), Savvatimkﬁy
znd Sidorenko (MS, 1965). ‘These authors all supported the slow
growth hypothesils rauther than the fust growth hypothesis as
put forward by Kotgighs (1949, 1952, 1954).

IMlethods

The general areus whe;e the ganmples of fish used in this
study were obtained, are shown in Fig. 1. At some of these
loculities the samples were taken at & single position and deptﬁ

“whereas ut others fish from several depths and positions have

been combined to provide an adequate sumple. At each locality
redfish were obtained by otter trawling, the required samples
geparated from the catch by a sampling procedure and the
individual tish exumined at sea or at the Biological Gtatioun,
In most cases the length, sex and maturity were recorded, &nd
the otoliths were removed for subsequent examination.,

£11 fish lengthe reported here are '"fork lengths", the
meugurements being taken from the anterior tip of the lower

Juw, with the mouth closed, to the end of the median caudal ruyd.
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This study is based on the examination of otoclitns,
with the exception of data from Hermitage lay where scales were
also used for ageing redfish up to about age 5. It is considered
that following the work of Kelly and Wolf (1959) and Sandeﬁan
(1961) that the validity of the otolith method as applied to
the ageing of Northwest Atlantic redfish (mentella) is established.
Kelly und Wolf (1959) refer to the Gulf of iaine redfish as

vebiugtes murinus marinus, However, 1t seems cleur that these

fish are in fuct what are being called in this paper Lorthn
American mentella redfish.

The techniques used for "reading" the otoliths and the
- estimation of age on a calendar year.basis were the sume as was
previously reported by Sandeman (1961).

With the exception of otolithe from the Gulf of St. Lawrerce
and Hemilton Inlet Bank, which were read by E. Squires, age
determinations were by the author.

Empirically, growth of both marinus and mentella redfish

nay be quite well represented by the inverse exponential
equation, and the parameters of the vaon Bertuluni'fy form of
this equation (Bertalanffy, 1938) were obtained by 4 leust
Squares fit to the mean length at age values for mules and
females from euach of the areas examined.

The form of the dertulanffy growth in length curve which

is used in this paper is -

lg = 1,0,[;~e'x(t"t°) }

where 1y = The length of the fish (em), ut age t (yeurs)

Lo = Theoretical maximum length (asymptotic lenuth),

K

i

Constant expressing the relutive rate of apuroach
to L

i

to = The theoretical age at which 1¢ = 0,

The general method described by Tomlinson and Abramson

(1961) hus been used for fitting the Bertulanffy growth curves
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to the length at age data, This method hus the advantage that
it 1s more objective than the methods which ure usually used
(Beverton and Holt, 1957; Ricker, 1958) and at the same time
it provides estimates of the variance of the parameters.  "The
method as described requires equal sized random samples to be
selected from each age group containing a sufficient‘number of
observations. As this would occasion very small samples at

eéch age and the disocarding of data (2 most undesirable _
requirement in the light of the tramendous variation in the age estimates),

it was apparent that much better use of the material available would reguls
from a least squares fit to data congisting of single points at each age
and that these points should be mean lengtl values.

Thug for most of the data here, Bertalanffy growth curves were
fitled to smoothed mean length values at even ages (2, 4, 6, etc.) between
slated upper and lower limits. These limits were determined by the range of
data available for the fit, bearing in mind that the method as described by
Tomlingon and Abrameon (1961) requirea that there be no gaps in the congecutive
ages used, and that the tables only allow s total of 18 age groups to be used

in this fit. Smoothing was accomplished by the use of the formula
1= 3 (/2 + 1y + 2, 1/2)

where i; is the smoothed mean length at the even age t and 1, is the observed
mean length at the same age. Occasionally, where there were gaps in the
unsmoothed data, the formula was suitably modified to provide the requlslte
interpolation,

Where growth curves are presented in fipgures, the thicker 1ine
shows the range of ages to which the curve vas fitted, while the thinner
line indicates the extrapolated curve,

The growth rate, which in a plot of sge against size is
represented by the slope of the curve at esch instent of its generation
is, in Bertalanffy type growth, continually changing and is directly

proportional to the length of the organism.

Ql==Kﬁm-Kl
dt
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To obtain the growth rate in terms of time rather than length, the original

Bertalanffy equation may be differentiasted to yield

dl _ ~K(t-t )}
dt“KLﬂle o

In both these equations Sf represents the instantaneous growth rate. The
above equations provide a converient mcans of comparing the growth rates of
two or more populations having different parameters Ky L and t o Using
the former equation, a plot'of g% against lt.’ results in a straight line
having the intercept on the y axis of KL and on the x axis of L .,
Similarly a semilogarithmic plot of g—% against t for the latter equation

can be used for comparing growth rates and how they change with age, viz.
log 3L -
og gt = log K + log Lo, + Kto - Kt

Although the former plot is very much simpler, it is deceptive in that it
is more customary to think of growth rate in terms of age rather than
length. Consequently in ti.e comparisons of growth rates presented here it
will be most often the latter equation ‘that will be used,

Materials

Hermitage Bay

This area has been of particular interest becausein 1953
an isolated year-class of fish in their first year of life was found, and with
. a relative failure of adjacent year-classes it has been possible to follow this
dominant 1953 year-class during several succeeding years {Sandeman, 1957,
1958, 1961). This has allowed a useful check on the validity of the otolith
and scale methods of age determination as applied to North American
mentella redfish and it has been established in Hermitage Bay that, at least
to age 10, in each successive year a further pair of zones, a hyaline and an
opaque, are laid down on the surface of the otolith.

The otoliths used in this study and the derived age at length
data are the same that were reported previously (Sandeman, 1961). The fish,

which were likely all mentella, were obtained at the one position (Fig. 1}

and from a rather limited depth range [120-180 fath. (220-330m. )].

A8



Southwest slope of the Grand Bank
| The fish on which this study is based were obtained in 1947 daring
several sets in the general area indicated in Fig. 1. Although the data from this
rather wide area have been combined to provide an adequate sample for ageing,
the depth variation in these sets was not very great and all the fish were obtained
in the rather shallow (for redfish) depth range of 45-115 fath. (82-210m).

The samples were not ex'amined for the presence of marinus,
but it is most unlikely, from our subsequent knowledge of the numbers of these
fish in the area, that more than the occa.siona.l_rg_g_r_m__l}ifish was caught and the
growth curves presented here can thus be considered as those of North American
mentella redfish,
Gulf. of St. Lawrence

The majority of otoliths used in this sfudy were obtained in 1947,
1948 and 1949 from redfish in the area of the Esquiman Channel (Fig.. 1). Occasional
samples of otoliths obtained during the same period, but from other areas in the

‘ !

nothern part of the Gulf of St. Lawrence, have also been included and, because of
the complete dearth of small redfish in the samples obtained during this period,

a2 more recent sample containing some small fish has also been added,

Recent surveys for marinus and mentella redfish in the Gulf of

St. Lawrence have revealed only the very occasional marinus specimen and the

otoliths considered here can be regarded as from mentella redfish.

Flemish Cap

The fish were all caught on the northern slope of Flemish Cap.
Otoliths for growth study were obtained from rather small samples of fish used
for detailed studies and because of small number, data from all depths [150-300
fath (274- 548_ﬂ are combined.

In addition the samples were selected to provide fish only at
each length group of 5 cm or multiple thereof. Although this will, of course,
affect the calculation of mean length at age, it is considered the the data are
adequate for providing at least a preliminary examination of growth rate.

Enough specimens of marinus redfish were obtained in the
Flemish Cap area to allow a consideration of the growth rate of these fish, as

well as that of the more common and deeper living mentella,
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Hamilton Inlet Bank
The otoliths examined from the area of Hamilton Inlet Bank
were all taken from figh caught in August 1960, Fishing was carried out on a

line across the slope at the northern part of Hamilton Inlet Bank (Fig. 1), and

otoliths were obtained as follows :-

Depth mentella marinus
(fath) {m) males females males  females
140 256 47 19
150 274 7 9 34 48
175 320 61 47

200 366 76 37

250 457 54 54

300 549 ' 61 41

400 732 4 11

Total 263 199 81 67

Results

The growth curves of mentella redfish from the Hermitage
Bay area are shown in Fig. 2b, These curves and the Bertalanffy
parameters describing them (Tabie I) are based on the sane
length at age data that were reported in a previous paper
(Sandeman, 1961) when freehand curves were drawn to the data
from 366 males and 332 females, As the dominant 1953 year-class
appears to have shown unusually fast growth during the first
four years, und its numbers are so great (205 fish) relative fto
.the other fish, these fish have been considered separately
(Fig. 2a) and are not included in the mean growth curves for

the area shown in Fig. 2b,

The very high standard errors in Lg and K that were
obtained for the 1953 year-class data result from the abasence
of data for the older ages where the average lengths approach

the asymptotic values.
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The data from the southwest slope of the Grand Eank have
been used to compare the growth curves obtained by two different.
age readers using the same basic age reading methods on mentellwu

otoliths (Table I, Pig. 3).

.Growth curves for mentella redfish from the Gulf
of St. lawrence, [Memish Cap and Hamilton Inlet Bank are
shown in Fig. 4 and the parameters of the fitted Bertalanffy

equations, years fitted, and number of otoliths reud are

to be found in Table I.

Growth .curvea for mgrinue redfish from Hamilton

Inlet Bank und Flemish Cap are presented (Mif. 5) as ure
ulso the parameters of their least squares fits (Table T)

Discussion

dompurisons of ages and growth rates as. determined by two
different persons

The otoliths from the southwest slope of the rand
Bank were exumined and uges estimated by two gifferent
persons, the author (A) and technician L. Squires (3),
This provides an opportunity to examine the variation
oceurring between the results obtained by the two age readers
who are attempting to determine the ages, using the sune

busic method., Agreement in age asgignation is seldom

obtained from otoliths of fish above age 10 (agreenent
wus obtained in only 43 of 444 such readim:s in the present
study).

Table II shows the number of times in whioh agree~
ment or disugreement occurred between the two uge reuaders.
it is evident from thls table thut there is u wide viariation
between the uyges us deterwined by these two readers.  urther-
more, the spread of the data on the upper side of tne
diagenal of complete agreement indicates that the uges
estimated by B are on the aversage, higher thun those estimated
by 4. This may perhaps be better seen by examining the

frequency of agreement or disagreement without reference to
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the wetudal ages at which the agreement and disagreements
occurred (Fig., 6). The shape of the histogram approximutes

to & normal curve and indicates a rdther large random error
but also because the curve is skewed to the right, it indicutes
that B on the average obtains dge estimates that are higher
than those of A,

Comparison of the age frequencies obtuined by the
two reuders using ﬁf tests indicates that both for mules and
females no significant difference exists between the e
frequencies obtained by the two readers. (The difference
between the two frequencies for the males could be expected
to occur with a probability > 0.99 and thus, the frequencies
are striking in their similarity, whereas that for the females showed
& probability of occurrence of between 0.10 and 0.20).
llowever, in deuling with growth curves 1t is really the
différences-between the respective mean lengths at each
age thaut should be considered, and 4 paired comparisons
test between these meuan lengths at euch age would perhaps
be more apprdpriate. Paired comparison tests indicated
that for the males the mean difference between the meun
length at age values was not Significantly different from
zero (0.90> P > 0,80) whereuas the meun difference for the
fenales was different from zero. (0.02 > P > 0.01).

The values for meuan length at euach uge, as calculated
from the 8ge estimations of 4 and B for mnles and females
separately, are shown in Fig. 3. Also shown are the leagt
8quiires Bertalanffy curves fitted to the smoothed meun
length at age datu for ages 8-34 (becuuse of the lack of
datu aut age 33, 34 and 35 for females in A's data, thig
curve was fitted to the smoothed duta for ages $-32). The
curves derived from the age eetimations ol these two dif-
ferent persons appear so similar in this fli;ure that it is
difficult to see any difference at all.

4lthough the differerce between the uge estimnation

0f the two readers was found to be significantly different
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at the 5% probability level when the mean lengths at each

of females
age are compared, it is appurent (Fig. 3) that muny of the
mean length at age datu occur at ages greater than about
15 when the asymptotic part of the curve is being anproached
and when the totul average change in length represents only
about 5 centimetere over a period of 20-25 years, ‘hen
the variability of the smoothed mean length of age values
from the results of both age re;ders are examined in the
light of this, and when Bertalanffy curves are fitted to the data,
it is not surprising that the_.diffe;'ences betweeﬁ o
the parameters afe small, It is evident from the consider-
able overluap in the confidence limite of 4ll the purameters
(Table I) that, for both males and females, the growth
curves derived from the age estimates of A and B can be

considered similar.

Differences in growth rate with depth

When the growth curves for male and female mentella
redfish from the Hamilton Ihlet Bank aréa (Miz. 4) are
compared with the date points from which they are derived,
they do not seem to fit thé data very well. This is
particularly so for the males, where uges 7 - 10 lie well

below the fltted line end agee 16 - 21 lie above it, all of

which would seémmfamfﬂﬁiéafe_a“stéepér sBlope at this section
of the curve. As data from widely different depths have
been combined it is proper that the data should be examined
for differences in growth rate with depth.

Very few age data are availuble from 150 and 400
fath uand when these are included with the dutz from 175
and 300 fath respectively, we have the equivalent of four

different depth levels: 175 and shallower, 200, 250, @nd
300 fath and deeper.
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Bertélanffj curves have been fitted to the unsmoothed mean length
at age data for each of these depth zones. In each case the curves were fitted to

the range of data in which there were data for consecutive ages. These were:

Males Females
175 fath (320 m) 6 to 22 yeers 7 to 20 years
200 fath (366 m) 10 to 27 years 10 to 20 years
250 fath (457 m) 9 %o 20 years 11 to 21 years
300 fath (549 m) 13 to 25 years 1, to 26 years

These curves are shown in Fig. 7. Apparcntly the growth patterns
f the fish from 175 and 200 fath are rather similar, and that these fish
fyom the shallower depth ranges differ somewhat from those obtained from the
deeper zones.

B B A perusal of the length-frequency distribution of the catches at
the different depths shows a general trend of increase in slze with increase
in depth (Fig. 8). This trend, which is apparent at several locelities in
the Newfoundland area, and the lack of smaller fish from the greater depths,
lead quite naturally to the hypothesis that the fish graduelly move deeper

as they grow larger and older.

However, when the age frequency distribution of the caiches at the
different depths is examined (Fig. 9), it i1s apparent that, although there
i3 a decline in the number of the youngest ages present from the shallow to the
deep water, for both the males and females, there is also a scarcity of the
oldest males in the deeper lewvels. This scarcity of older males at the 250
and 300 fath levels is not reflected in the age distritution of the females,
but in these frequencies an even more dramatic phenomenon may be noticed,
namely that at the deepest levels almost all the females are immature.
These characterisiicas of the ﬁle and female redfish from ths deeper levels
sugzest that separate populations may exist at thege different depth levels

and that such a division might occur between the 200 and 250 fath depth levels.

With this hypothesis in mind, the data from 175 and 200 fath have
been combined as have alsc those from 250 and 300 fath, The growth curves
for the combined data, the parameters of which are listed in Table I, were
fitted to the unamoothed data for all available consecutive ages at each
depth zone (Fig. 10).
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It is evident from this figure that the fitted curve for the mals
redfish from the deeper depth strata does not fit the data points very well
in the region of extrapolation beyond the maximum age used in the fitting
process (age 22). This results not'only in & high value for L,, but also
a rather extraordinary value for t,. Extending the range of the fitting
process to higher ages would not alter the peramsters to any great degree
as the 11 age groups above age 22 include only 12 figh. The results
suggest that there are separate populstions of redfish which, although they
originate from the same shallow water population of young fish, have become
separated from each other at an age of about 10-12 years to form a shallow-
vater stock of slow-growing fish and a deep-water stock of fast-growing fish,
With male redfish attaining maturity at an age several years younger than
the females, it seems likely that most f£ish in the deep-water population
become separated at an age between that at which the males ai:d that at which
the females attain mexual maturity. I

Although the hypothesis above sBuggests the existence of two
étocks of redfish having different growth and maturity characteristics,
these stocks need not remain separate at all stages of their annual cycle.
The hypothesis, based as it is on growth and differences in growth rate,
requires a separate identity to the stocks only during the period of
active growth, and does not preclude a mixing of stocks or change in
depth level of either stock at any time of the year when growth, and
presumably also active feeding, are not taking place,

From the growth curves shown in Fig., 10 some idea can be obtained
of the growth rates prevalling in the catches at the two depth zones and
their respective rates of decrease. However, the direct comparison of the
different growth rates can most easily be accomplished graphically by the
plot of instantaneous growth rate (%%) against either fish length (1t) or
time (age). This has been done to compare the growth rates at the two

depth zones for males and femsles separately in Fig, 11. It is clear

from these plots that, both for males and females, the growth rate is higher
for the younger ages at the shallower depths, whereas the older fish show
faster growth in the greater depths, It is also evident that, if the
theoretical curves provide reasonable expectations of growth, and provided
other things remain equal, maximum growth rates will be obtained if the
males migrate from shallow to deep water at about their eleventh year and
females at about their ninth year,
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In general a differsnce in growth rate between the deep and
shallow depth zones might be dus to either or both of two basic types of
causes, the one consisting of factors of the fish themselves, and the
other of factors st.eimning from the environment.,

It has already been noted that one of the main features indicating
the differences in growth pattern between the depth zones was that of
maturity. In particular the age at first maturity was considerably delayed
in the deeper zone so ruch so in the females that no mature fish were found
in depths of 300 fath or deseper.

Thus, it is possible that the change in growth rate between the
two zones is not so much an increase in growth rate as the fish change
from one form of Bartalanffy growth to another, but rather a decrease in |
growth rate in the shallow zone., This might be caused by the larger and
older fish attaining maturity, and devoting much of their growth energy to
the exigencies of reproduction, while their relations, who emigrated to
the deeper zome, continus to 1ive and grow as adclescents.

However, it is evident from the maturity patiern of the males
(Fig. v) that, in spite of maturity being attained in the deeper water,
growth continued at the fast rate that prevailed before maturity. It
should be noted here that although in Fig. 9 most of the males in depths
of 250 and 300 fath have been recorded here as mature, some doubt exists
as to whether or not these were actually so. At depths of 200 fath and
shallower, the testes ‘of all the fish with lengths greater than about 25 em
wore obviously mature, These fish had large,creamy white teates and milt
could easily be seen in the vas deferens, At the 250 fath level and even
more so at the 300 fath level, greater numbers of the fish had rather
small testes which, although they were large encugh to be producing
viable sperm, were not creamy white in colour and no milt was visible in
the vas doferens, These testes were grey in colour and appeared as if
they had produced milt previously but had recovered. The above deacription
is taken i{rom notes made by Dr Templeman who examined the fish in the field
and indeed there was enough doubt about them that he made rather complete
notes about their peculliarities and only called them mature in a very
tentative manner.

The environmental temperature has a very close relationship with
metabolism and growth. The prevailing temperatures however, in these
waters of 175 fath or deeper, remain very stable from depth to depth,

: .'-.:‘and indeed also from year to year, and thus could not really be expected

\\
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to affect the growth rate. However, the closer proximity of the cold
water layers to the shallower depth zone could limit the foraging area,
and the pelagic feeding habits of these fish have not the acope and range
that 23 available to the fish from the deeper zone,

The most likely cause of the faster growth rate in deep water is
probably to be found in the interplay of environment and fisnh physiology
that occurs in the procesy of feeding, Here, unfortunately, we have
very little data, although it seems clear that with increase in depth
redfish tend to eat more and more fish as opposed to the smaller
invertebrales which make up the greatest part of their diet in shallow
water (Yanulov, 1vY62; Rees, M3, 1962, 1966).

Comparison of redfish growth rates in the Newfoundland area

Differences between males and females

Mentella redfish. The data presented indicate a striking
difference in growth pattern between the sexes, The total growth of
the females is nearly always greater than that of the males, and at any
of the older ages the females are on the average very much larger than
the males. The parameters of the fitted Bertalanffy curves (Table I) in
conjunction with the confidence limits indicate that the main difference
between the growth of the sexes 1lies not so much with the parameter X,
but with L_,. At Hermitage Bay, Flemish Cap and Hamilton Inlet Bank the
confidence limits of L., for the males and females do not overlap, and
this indicates that the differences are likely to be real, In the areas
of the Gulf of $t. Lawrence and Southwest Grand Bank, the difference
- between the L., values for the males and females is not ao clear, but in
both these areas the growth curves of the males sre rather aberrant, as
in each we have a rather large negative t, value. This results in a very
mich lower than usual K value and a sl%ghtly higher value for L. .

The difference 4in growth rate between males and females is
probably not so much the result of the environment, as of the genetics

which determine the behaviour and physiclogy of the fish., The males
meture at considerably smaller sizes and ages than do the females (in

Hermitage Bay on the averago, males mature at about 20 em at which time
they are about 6 years old, whereas females mature at about 30 em or
10-12 years of age). This suggests that the males will start earlier

the processes associated with maturity, namely the pre-spawning reductinn
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in feeding (Yanulov, 19&@) and the diversion of energy to the formation of
gexual products, with the probable fesult that less total energy is
available for growth. With the reproductlve season of the males as well
as the pre-spawning season of fast coinciding with ‘the latter part of the
season of greatesst potential growth, the actual growth season of mature
males could be effectively shortened in comparison to that of the
immature portion of the stock. TYanulov {1962) hns presented evidence 1o
chow that the intensity of feeding of mature individuals changes with
season and for both males and females it decreases abruptly in April and
May. Fomales begiﬁ to feed again in June-July and by Aupust are feeding
heavily whereas the males appear to delay active feeding till later and
it was not till about October-November that 60% of the fish taken were
found to be actively feeding. Rees (MS, 1962) presents some further
data on the feeding of redfish, and while he found a different pattern
of feeding throughout the year in flermitage Bay to that found by Tamulov

(1962) in the areas he examined, both these authors and Kashinksev (1962)

agree that there is a period of pre-spawning fast.
Morinus redfish. The difference in growth pattern between

the sexes of marinus redfish resembles that observed for the mentolls of the
Southwest Grand Bank and the Gulf of St. Lawrence. The males in these two
areas and the marinus males from both Flemish Cap and Hamilton Inlet Bank
show Bertalanffy growth patterns involving fairly high to values and low
velues for K (Table I). In both these areas the females show higher growth
rates than the males during the younger years but, after about age 21 at
Flemish Cap and age 33 at Hamilton Inlet Bank, the males exhibit faster zrowth
(Fig. 15). |

Differences between arsas

The Bertalanffy equation hes been found to describe adequately
the growth pattern of many species of fish, and several authors have
examined the relations of the parameters of this equation to cach other
and to various environmental factors (in particular Beverton and lolt,
1959; Taylér, 19538, 1959 and 1960), Of the relations between the
porameters themselves, K and L have been found and, indeed, may
a priori be expected to show an inverse correlation with each other
(Knight, M3, 1962). Uhen to has values which depart from zero, it will

likely also be inversely correlated with K.
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Because studles in which the Bertalanffy parameters have been
correlnted with various environmental factors have often yielded rathner
contradictory results, it seems preferable to avoid, for the time being at
any rate, any possible physiological connotation which wight be placed on
these parameters, and to treat this equation in a purely empirical manner.
The equation provides a good fit to the age at lsngth data for redlish, as
well as a convenient mathematical sunmary from which ape and length valuss
and growth rates can be extrﬁcted with ease by simple calculation.

In examining the differences in growih patternc between areaz,
discussione are here limited to a consideration of how the growth rates vary

from area to area.
Growth retes of male mentells redfish., The Bertalanffy growth

curves of male redfish from five areas around Newfoundland are plotted on
the same coordinate system in Fig. 12. The parameters of these curves are shown
in Table I. The growth curves shown for Flemish Cap and Hamilton Inlet Bank
represent the data from several widely separated depths, whereas the curves
for the Southwest Grand Bank: are derived from fish obtained in depths of less
than 110 fath and those from Hermitage Bay and the Gulf of St. lawrence from
140 end 129-142 fath respectively.

The male éééiéllg of Hamilton Inlet Bank seem to have a much

faster growth rate, and those of the southwest slope of the Grand Bank a
slower growth rate than those of the other areas. This is confirmed when
the groﬁth.rataa are compared by length (Flg. 13). Until about a length of
32 em, the growth rates at any length are in the order of highest to lowest:
llamilton Inlet Bank, Flemigh Cap, Hermitage Bay, Gulf of St. Lawrence and
Southwest Grand Bank, In terms of age (Fig. 14), the llamilton Inlet Bari:
fish have fastest growth t; about the age of 10, but at greater ages the
{ish from Hermitage Bay grow faster and, after the age of ubout 15 the

fish of the Gulf of 5t. lLawrence show the fastest growth. Apart from the
Jouthwest Grand Bank fish, after about age 12 those from Flemish Cap show

the slowest growth.
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An -examination of the Bertalanffy parameters and their
confidence limits indicates a complete overlap by K and t, for all areas,
and I, for Southwest Grand Bani and Gulf of St. Lawrence with the other
areas. Hamilton Inlet Bank can be considered different from Hermitage Bay
and Flemish Cap in the maximum length to which fish from thieae areas may
attain, |

Growth rates of female mentells redfish. The ares differences in
growth pattern for female mentells parallel rather clésely those of the males
(Fig. 12). Over the range of lengths corresponding to the ages for which we
have fitted the Bertalanffy curves, there are, relative to length (Fig. 13),
3 main groups of growth rate: the fish from Hamilton Inlet Bank, which show
a fast growth rate, and those from Hermitage Bay and the Gulf of St. Lawrence
which show a medium growth rate, and those from the southwest slope of the
Grand Bank which show a slow growth rate.

When the growth rate is considered with respect to age (Fig. 14),
the Gulf of S5t. Lawrence fish grow fastest till about the age of 28, and
apart {rom these fish, Hamilton Inlet Bank fish grow fastest followed

clogely by those from Hermitage Bay.
An examination of the Bertalanffy parameters and their

confidence limits shows that the X and to may overlap from all areas, but
that %x,providea a likely separation of three differing growth patterns:
Hamilton Inlet Bank having a high L_,; Flemish Cap, Hermitage Bay and the
Gulf of St. Lawrence having a medium L_,; and the southwest slope of the

Grand Bank having & low value for L,.

Growth rates of marinug redfish. As marinus were available from
only two areas, area and sex differences are considered together. The fish
from Hamilton Inlet Bank are larger than those from Flemish Gap (Fig. 5).
Although the Flemish Cap meles show a faster growth rate to about age 13
than the Flemish Cap females or Hamilton Inlet Bank males, after thig age
both the males and females from Hamilton Inlet Bank display a faster prowth

rate than the fish from Flemish Cap (Fig. 15),

Comparison of redfish growth curves as derived by different authors

North American mentells redfish

Very little age-length data have been published for redfish of

the ICNAF Area. OCome data are available from the LCHAF sampling Yearbooks but
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only from Russian sources. Data to 1960 are summarized in a paper by
Surkova {1962). More recently Savvatimsky and Sidorenko (MS, 1965)

have presented growth data for mentella redfish from Hamilton Inlet

Bank and the Northeast Newfoundland Shelf,

Perlmtter and Clarke (1949) were conﬁerned primarily wvith immature
redfish and, because much of their market sampling was aimed at these
smaller fish, the values for mean length at age for the older fish in their
samples are likely to be bimsed, with lower mean lengths and a flatter
growth curve resulﬁing.

Kelly and Wolf (1959) show growth curves of redfish from the Gulf
of Malne for the years 1951, 1952 and 1953. While Kelly and Wolf recognize
the rather uncertain taxonomic position of the North American form of redfish,
they class the Gulf of Maine redfish, in their final table, as Sebastes marimyg -
marinus. As has been already stated, it is the author's opinion and that of
Templeman (1959) that the Gulf of Maine redfish belong to the common North
American mentellg-type.

Canadian and Unlted States length measurements are made %o the
nearest centimetre, from the.anterior tip of the lower Jaw, with the mouth
closed, to the end of tﬁe mid-fork of the caudal fin., The Russian measure-
ments, however, were of total length (to the tip of the caudal fin - Surkova,
1962) and presumably also made to the n&areat centimetre. Because of this
difference in the baslc dimension measured, the Russian measurements will be
larger than those of the United States and Canada. The difference will
increase with size of fish and, according to Templeman (1959), should be
about 1-1}cm for redfish in the 30-40 em length range.

The method of age estimation also differs between the United States
and Canada on the one hand, whose biologists use otoliths, and Russian
biologists who rely almost entirely on scales. In many species of fish,
although scales and otoliths agree and provide good age estimates for the
younger fish, for the older fish which are forming very little new scale
tissue annually, it becomes very difficult to distinguish between the
winter and summer growth zones, This often results in an underestimation
of the age of old fish by the scale method, es compared with the otolith

method.
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Gulf of Maine. Bertelanffy growth curves have been fitted for
male and female redfish from the data of Kelly and Wolf (1959) for all samples
collected in the Gulf of Maine in 1951, 1952 and 1953. The curves were fitted
to the unsmoothed length at age data for ages 1-13, for both males and
females. These curves, together with the mean length at age values to
which they were fitted, are shown in Fig, 16, It is unfortunate that we
have no age estimations for this area, but included in the fizure are our
Bertalanffy curves for llermitage Bay. It is evident, both from the
paremeters of the fitted curves (below) and the curves themselves, that

differences are not very great.

Gulf of Maine Hermitage Bay

Males Females Males Females
Lo 33. 4 44,3 35.2 3.7
K 0.13 0. 09 0.12 0.11
te -0.5 -0.6 -0.3 0.3

The curves for the males are practically coincident to an age of about 14
years, after which the slightly higher value of La, for the Hermitage Bay
curve exerts its influence, and causes the curves to gradually diverge.
The curves for the fernales do not appear quite so similar as those for the
males, but the difference in mean length at each age is still less than 1.5
cm up to the age of 18, the largest age to which the curve was fitted. The
Bertalanffy curve for the females of Hamilton Inlet Bank is also shown, to
indicate how the curve for the data of Kelly and Wolf lies relative to the
curves we have derived for various areas around Newfoundland.

ICNAF Subareas 2 and 3. Surkova (1962) has presented age at
length data for ICNAF divisions 2J, 3M, 30, and 3P which may be compared
with the growth data in this paper from Hamilton Inlet Bank, Flemish Cap,
Southwest Grand Bank and Hermitage Bay respectively. The curves for the
area of best agreement - Labrador, and worst agreement - Flemish Cap are
shown in Fig, 17.

Surkova's data for ICNAF division 2J were obtained in 1957 and
1958. In the former year the data were based on one rather small sample of fish

taken in the same area as was our own, whereas in the latter they were from
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several samples most of which were obtained in the southern part of ICNAF
Division 2J.

When these data points are compared with our fitted curves for the §
Hamilton Inlet Bank line (Fig. 17) and allowance is made for the mean
lengths of Surkova's data being about 1 - 1 1/2 cm higher, except for the
few very large males, the agreement between the growth curves is quite
close. Why the large males in Surkova's data should diverge so greatly
from the general trend is not known. Posgsibly scales have been used to
obtain the age estimates, or, alternatively some figh from the deeper
fast-growing population could have been mixed with samples obtained mainly
from shallower water, It is to be noted that these large fish occurred
only in the 1358 samples.

Surkova's data for the Flemish Cap area are for the years 1956-1960,
but only her mean age at length data for 1956 and 1959, the years from which
our samples were obtained from the area of Flemish Cap, have been plotted
(Fig. 17). Also shown are the Bertalanffy curves fitted to our own data,
and fitted to Surkova's data combined and averaged over the five years
{(unweighted).

The 2 sets of curves are quite different, with Surkova's data
showing by far the faster growth rate.

Although differences are aﬁparent between the age estimations of
Surkova and the author, they are not of the order found between those who
favour the slow growth and those who subscribe to the fast growth hypotheses
for redfish. However, a lack of agreement is apparent and it seems unlikely
that this could have been caused by between sample differences such as might
exiat die to the samples heing obtained in diverse depths ol localities.

It is, in fact, difficult to evade the conclusion that the differences found between
the results of these authors are due mainly to a difference in the basic method
of age estimation. Thus, with otoliths being used by the one worker and

scales by the other, the difference reduces to the much-discussed controversy
of scales versus otoliths in age determination.

Just as the lack of agreement between the growth curves of Surkova

and the author emerges so clearly from the comparisons, so also does the
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presence of agreement between the curves of Kelly and Wolf {1959 for the
Gulf of Maine and those of the author for Hermitage Bay. Although the
curves are for redfish from two different areas, it seems highly probable
that the close é.greement between the growth curves reflects a real
agreement with regard to the basic method of age determination. The most
striking difference between the data presented by Kelly and Wolf (1359)

and our data is the lack it the Gulf of Maine of the large, very old fish

which seem so common in the samples from the Newfoundland area in 1947-1953,

It is probable that the high sustained fishing pressure to which the Gulf
of Maine has been subjected has resulted in the relative absence of the
large very old fish. A similar scarcity of these large old fish has been
noted from the Gulf of St. Lawrence in recent years,

North American marinus redfish

Unfortunately very little data have been published for marinus

redf@sh in the ICNAF Area. Some age frequencies are shown in the ICNAF
Sampling Yearbooks, and Zakharov (1962) shows a table of age and mean
length for marinus redfish from Subarea 1 of ICNAF. Zakharov's ages were
determined from scales and although he is evidently extremely proficient

at reading scales (he ig able to re‘ad age to as many as 39 years), the
growth curve he derives is typical of those obtained from scales. Travin's
(1962) age frequency data also show ages to 35 years, with 5 fish being
clagsed as older than 35. In view of the basic discrepancy between growth

curves as derived from scales and otoliths of mentella redf{igsh from the

same area, little is to be gained by comparing between different areas,
marinus growth curves which have been derived from otoliths and from scale
age rdeterminations. As the available detailed data on age and growth from
both mentella and marinus of the Northeast Atlantic (with the exception of
Bratberg, 1955, 1956a and 1956b and Trout, 1961 who worked only with rather
young fish; and Kotthaus, 1949, 1952 and 1958) were all from scale readings.

it is unlikely that comparisons will be of any real value.
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Table I. Summary table showing the Bertalanffy parameters and their standard errors.

K Lo to Fitted No.
years of fish
Mentella redfish
Hermitage Bay (excluding 1953 year -class)
#*Males 0.119 + 0. 028 35,21 1.0 - 0.3% 6 6 - 40
*Females 0.113  0.019 39.7% 0.9 0.2t 0 6 - 40
Hermitage Bay (1953 year-class)
*Males 0.17 £ 0.35 31 *28 - 0,44 6 2 - 7
*Females 0.10 % 0,37 43 % 95 - 0,7% 7 2 - 7
Southwest Grand Bank
Sandeman
*Males 0.05 £ 0.05 33 t 6 20 1 6 8 - 34
*Females 0.13 *0.05 3.2+ 1.4 - 0.7t 3.0 8 - 32
Squires
*Males 0.06 % 0.04 30,6 2.3 -17 I s 8 - 34
*Females 0.13 fo0.07 33.3% 2.0 -1 t 5 8 - 34
Gulf of S5t. Lawrence
*Males 0.06 10.04 36 113 -5 1f18 12 - 46
*Females 0.13 10.04 38.4 1t 1.2 4.4t 2.0 12 - 46
Flemnish Cap
*Males 0.17 1 0.05 34.41 1.2 0.1t 1.2 4 - 30 53
*Females 0.15 % 0,06 38.5% 1.4 0.6 2.5 6 - 40 62
Hamilton Inlet Bank
All depths
*Males 0.16 0,05 38.5 % 1,0 -0.1% 1.6 6 - 38
*Females 0.11 0.04 44.8 ¥ 2.1 0.0t 3.1 8 - 40
175-200 fath
Males 0.21 36.5 2 10 - 22
Females 0.16 41.5 2 7 - 20
250.-300 fath
Males 0.02 93 -14 10 - 22
Females Q.08 52 | 1! - 22
_Il/[_e;.rinus redfish
Flemish Cap
*Males 0.07 to.10 45 114 -5 1t 6 - 34 33
*Females 0.13 10,03 47.8 & 1.4 1.9 1.3 6 - 40 57
Hamilton Inlet Bank
*Males 0.05 % 0.06 56 1 9 -9 114 18 - 42
*Females 0.10 0,12 60 I 6 4 118 18 - 42

* denotes when fit was made to smoothed data for even years.
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AGE READINGS BY (B)

AR LWL LANFD LA \N )

4 5 6 7 8 9 1011121314 15161718 19 20 21 22 23 24 25 26 27 28 29 30 30

4 1 ' ' 1
5

6 | 1 1
7 1 ‘ 1
8 | 22 4 1, 9
9 1 12223 1 12
10 | 2 1313 11 12 1 16
11 12215163 14311 30
12 1 2 [3]351 113111 23
13 1 3[542431111 1 2 1 2%
1 11 3[505 22154 4231 1 %0
15 211 (11333 3 221 1 23
16 2 2 3612 4232231 32
17 1112 7|, 3232 1 28
18 1 2 3 4 5]2 311 4 1| 29
19 132 32{2|5 212122 30
20 1 1 2.2 2 1}]2]51 1211 -1 24,
21 2 22 831013 2 26
22 15232 11 1 19
23 2121 2|3 1 15
24, 11 1 1311 2 1|12
25 1 12 4
26 2 2 2 112 10
27 1 2 1| 5
28 1 1 11 5
29 1 11 1 4 | 10
30 1] 2
>30 | 11 211 6 | 12
1 3 1 108 2223230323129 343329 22,257 182 6 3 6 15 (148

Table II, Table showing the frequency of agreement and disagreement betwsen two

persong in estimatlng ages from the same otoliths of male and female fish from the

southwest slope of the Grand Bank, The boxed dia
perfect agreement at each age.

!

C1

gonal denotes the frequency of
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Fig. 17. Growth curves of mentella redfish from Hamilton
Inlet Bank (left) and Flemish Cap {right). In each
the rmean lengths at age by Surkova (1962) are
compared with the fitted curve obtained by the
present author for the area in question.
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