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Abstract

This paper represents part of a continuing study of the

distribution and biology of marinus and mentella redfish in the
Northwest Atiantic. Reported here are the results of age
determinations from the otoliths of mentella redfish from 5 areas
around Newfoundland - Hermitage Bay, Southwest Grand Bank,
Flemish Cap, Gulf of St. Lawrence and Hamilton Inlet Bank; and
marinus redfish from Flemish Cap and Lamilton Inlet Bank.

The data from Hermitage Bay, in addition to providing inform-
ation on the growth-rate of the redfish, have provided a means of
-appraising the basic method of age determination and it is
concluded that the otolith method, as used here, is vaiid to ages
of at least 10 years.

Growth of both marinus and wmentells redfish was found to be
adequately represented by the inverse exponentisl equation, and

the parameters of the von Bertalanffy form of this equation were

obtained by a least squares fit to the mean lengih at age values

for males and females from each area.

The difference in growth-rate between the sexes was

examined and it was found, as was expected, that the females

showed a faster growth~rate than the males.




An examination of the growth curves and growth-rates of
mentelle from different depth levels on Hamiltéon Inlet Bank
indicated that a considerable difference in growth pattern
exists between fish from the shallower and deeper depths, and
that the fish of the latter habitat tend to remain separate from
those of the former, at least during the period of active growth.

Comparisons of the growth curves presented here with other
published redfish growth curves reveal, in most cases, a basic
agreement between workers using otoliths, and a disagreement
between thesé workers and others who use scales for determining

the age of redfish.




CONTENTS

1. Introduction

1.1 Redfish and their status in the Newfoundland area.
1.11 Taxonomic position.
1,12 The distribution of redfish in the FNorthwest Atlantic.
1.121 North American mentella-type redfish.
1.122 North American marinus-type redfish,
1.123 Bathypelagic stocks of redfish.
1.13 Reproduction of redfish.
1.2 Age and growth studies in fish.
1.21 Hethods of zge determination..
1,211 Petersen's method.
1.212 Use of skeletal structures. %
1.213 Other methods.
1.22 The mathematical description of growth.
1.221 The von Bertalanffy growth equation.
1.222 Iethods of f{itting the von Bertalanffy growth

equation. B

1.3 Age determination and growth-rate in redfish.

1.4 General material and methods. | |

2. Hermitage Bay
2.1 DMaterial and methods.

2.2 Growth of juvenile fishes.
2,21" Examination of length-frequencies.
2.22 Growth-rate from scales and otoliths.
2.3 Growth of the larger fish.
2.31 Ixamination:of length-frequencies.

2.32 Age estimation and growth curves from otoliths.



-2-

3. BSouthwest slope of the Grand Bank.

3.1 HMHaterials and methods.

3.2 Comparison of ages and growth curves as determined by

two different persons.

3.3 Growth curves of mentella redfish.

L, Gulf of St. Lawrence.

4,1 Introduction,
L,2 Growth by petersen's method.
L.,3 Growth from otoliths.

4,31 Materials and methods.

k.32 Growth curves of the adult redfish.

5. Flemish Cap,
5.1 Introduction,
5.2 Growth from otoliths
5.21 Haterial and methods.
5.22 Growth curves of adult redfish -~ mentella

5.23 Growth curves of adult redfish - marinus

6. Hamilton Inlet Bank.
6.1 Material and methods. -

6.2 Growth curves of mentells redfish.

6.21 Growth curves and depth - males. ‘ 'ff

6.22 Growth curves and depth - females, '

6.23 Differences in grovth-rate with depth,

6.3 Growth curves of marinus redfish.

1 o et e e .

ooy

e AR



-3

7. Comparison of growth-rates of redfish in the Newfoundland

—t2tk

areg

- 8t. John's data

7.1 Differences in growth-rate between males and females.
7.11 Ientella redfish.
7.12 Mariuaus redfish.
7.2 Comparison of growth-rates.
7.21 General conside?ations.
7.22 Growth-rates of mentella redfish,
7.221 Males.
7.222 Females.

7.23 Growth-rates of marinus'redfish.

8. Comgérison of growth curves of redfish ss derived by different

auvthors.

8.1 North dmerican mentella redfish.

8.2

8.11 - General.

8.12 Hamilton Inlet Bank.
8.13 Flemish Cap.

.14 Southwest Grand Bank.
8.15 Hermitage Bay.

8.16 Gulf of St. Lawrence.
8.17 Gulf of kaine,

8.18 Discussion.

North American marinus redfish.

9. Acknowledgements.

10. References.







...5_

1,” INTRODUCTION

l.1 Redfish and their status in the lNewfoundland area.

In the North Atlantic, redfish of the genus Sebastes are
widely distributed., In the Northéastern Atlantic wateré they range
from the Barents Sea and Norway, to the waters off Iceland and
Eastern Greenland, while in the Horthwest Atlantic they are to
be found from Davis Strait down the North American seaboard to
the Gulf of Maine, as well as along the coast of West Greenland,
(The area referred to here as the Forthwest Atlantic may be
defined as the convention area of The International Commission
of the Northwest Atlantic Pisheries. The eastern boundary line
of the convention area which,'except near Cape Farewell, Greenland,
extends along the 42 W. longitude line, divides this defined
Northwest Atlantic area from what will here be called the north-
eastern part of the North Atlantic or simply the Northeastern
Atlantic.)

It has been customary to think of redfish as occurring only
on and near the cbntinental shelves., However it has long been
known that even adult specimens were often to be found well away
from land and above waters of great depths (Nansen, 1886; IlMurray
and Hjort, 1912). Larval specimens of Sebastes sp. are extremely
common over large areas of open ocean and, since the work of
Collett (1880), many persons have observed how suitable plankton
catching gear, when used at the right time of year, can often

catch many hundreds of redfish larvae and fry.

1.11 Taxonomic position
The taxonomic position of the various members of the genus

Sebastes in the North Atléntic is rather confused. In the
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Northeastern area it is generally conceded that three different
forms are to be found.

(a) Sebastes viviparus

This is generally regarded as distinct from its congeners
in several features, and is sllowed full specific status.
Sebastes viviparus is usually found in the shallower coastal
waters, particularly round the south and west coasts of Iceland,
round the Faroes and Norway. The species does not normally
occur west of the continental shelf off the western coast of
Iceland, and only one specimen has been recorded from Last
Greenland waters (Kotthaus and Krefft 1957). Individuals of
this species are usually under 35 cm in length and are of no
commercial importance.

(b) Sebastes marinus

The common commercial redfish of the Northeast Atlantic
waters prefers the shallower part of the redfish range. The
distinction of this form from the mentelle~form (below) has only
been made in recent'years, and evén now fish may be encountered
which appear intermediate between the two forms in one or more ?;
characters. E

Current synonyms:-

Sebastes marinus = Sebastes marinus marinus = Sebastes marinus,

marinus-type; referred to in this paper as "Europesn marinus-
type redfish",

(c) Sebastes mentella

The deep-water: or beaked redfish, which are generally smaller

than the marinus-type fish, were first noted by Lundbeck (1940),

who referred to them as "Tiefenbarsch" or "Schnabelbarsch'.

Travin (1951) described these redfish in detail and provided the
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name above, but other workers have disagreed with the allocation
of specific status.
Current synonyms:-

Sebastes mentella = Sebastes marinus mentella = Sebastes

marinug, mentella-type; referred to in this paper as "European
'mentella-type redfish'",
In the Northwest Atlantic, Sebastes viviparus is absent

and the ecological niche that would be occupied by this species
is filled by mentella-typé fish, which may occcur in depths from
one to about 400 fathoms and thus appear more plastic in their
depth range than their European counterparts.,

(a) Sebastes mentells

The typical or common redfish of the Northwest Atlanfic
resembles, in morphometric and meristic features, the European
mentella-type redfish, and the same synonyms are used in referring
to it. However, it seems clear there are some differences between
these European and North Americen forms and, until the systematic
position is clarified, it seems best to consider them as separate
forms, Thus in this paper I shall refer to them as "North
American mentella-type redfish". As we are dealing prineipally
with these fish, it is expedient to omit "North American", and

refer to them as mentella-type redfish or simply mentella.

Photographs of North American mentella and marinus may be seen in

Pig.1.2.

(b) Sebastes marinus

The presence in the Northwest Atlantic of a form of redfish
resembling the “European marinus-type" was noted by Templeman and
Sandeman (1957). These fish, which I shall call "North American

maripus-type redfish" or just "marinus" apparently do not occur
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in the southern part of the redfish range and may only be found
north and east of the general line of Cabot Strait and Laurentian
Channel, If they occuf in a particular locality, they are generally
to be found in the shallower part of the depth range occupied by
mentella. They are not, however, very common and by far the
greatest part of redfish catches from the area of the llorthwest
Atlantic south of Labrador are mentella.

There is no reason to suppose that the North American marinus
are in fact different from their European counterparts, which

are the main commercial redfish of Europe.

1.12 The distribution of redfish in the Northwest Atlantic
' The distribution of redfish in the Northwegt Atlantic has
been described by Templeman (1959).
1.121 North Americen mentella-type redfish

Specimens of mentella have béen taken as far north as Lat.
66°.47' N, on the American side of Davis Strait, where a single
redfish was taken in a set made at a depth of 200 fathoms
(Templeman, 1961). Southwards, off the coast of’Labrador, they
become more plentiful buf it is not until the vicinity of

Hamilton Inlet Bank is approached that they become sufficiently

numerous to be caught in commercial quantities.

The most southerly reported catch of redfish on the eastern
seaboard of North America is probably that of Goode and Bean (1895),
who report catching a redfish in a depth of 114 fathoms at
Lat. 399.48',10"N. Long. 71°.48' 40" W,  The most southerly

concentrations of breeding redfish are said by H. W. Graham to be

in the South Channel between Nantucket Shoals and Georges Bank

(Templeman, 1959). No distinction has been made, in the case of

these southern records, between mentella and marinus, but from our
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own studies of the redfish of the Nova Scotian Shelf, it seeins
certain that these fish were of the North American mentella—type.

Between the northern and southern limits lies a vast area
of potential redfish hebitat, and indeed redfish may be found at
suitable depths over almost the entire area. 4 relationship
between redfish distribution and depth and temperature was first
proposed by T8uing (19492, who concluded from a study of the
distribution of Sebastes larvae that redfish were not plentiful
except in areas where temperatures between 3°C and 8°C exist in
depths of about 200-500 m. (110-270 fathoms). Templeman (1959)
carried the study of this relaticnship to the distribution of
redfish as caught by otter. trawls on the sea bottom, and besides
agreeing with Tgning's general conclusion, was able to narrow
the generalisation to the range of 3% to 6°C, or at least to
areas where temperatures of 3°C to 6°C are present in redfish
depths for a large portion of the year.

Templeman (1959) was also able to show that, in general and
within the temperature range suited to redfish, depth is more
important than temperature in the vertical distribution of
mentella and marinus. He was able to demonstrate that the
~occurrence of marinus as the common redfish of Europe and mentella
as the common redfish of North America was explainable by a
simple hypothesis based on the preferred temperatures and depths
of the two types.

1.122 North American marinus-type redfish

Being so very much less abundant then the mentella of the
area, the northern and southern limits of distribution are not
so well known. Three marinus were caught by the research vessel

A. T. Cameron at 65°.08'.30"N, 58°.10'.W . and depth of 300 fathoms
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in August 1959 (Templeman, 1961). On the West Greenland side
of Davis Strait, marinus redfish occur in commercial quantities
as far north as about 69°N, (Travin, Janoulov, Postolaky and
Zaharov; 1961). Jensen (1926) states thazt specimens have been
noted as far north as 710N,

" The most southerly occurence that we are aware of is, for .
marinus, around the "tail of the Grand Bank" (about 43°K.).
Tishing by the A. T. Cameron on the Nova Scotian Banks has hot, as
yet, revealed any marinus in this area.

In general, marinus can be regarded as preferring the shallower
part of the redfish depth range end, if they are presgut in an
area, their depth of greatest abundance is usually at é shallower
depth than the depth of greatest zbundance of the mentella. . This
pattern of depth distribution can be completely disorganised
during the period of larval extrusion, when the available evidence
points to a migration of extruding fish to deep water. There is
some evidence that, in the Newfoundland area at any rate, they
prefer a more rocky type habitat then do mentells.
1.123 Bathypelagic stocks of redfish

' It has been known for some time that redfish are pelagic
and not demersal in their feeding habits (Idelson, 1930;

Boldovski, 1944). Subsequent workers have shown that this is not j
only true for European marinus-type redfish, on which we must
presume the work of these earlier authors to be based, but also
for Worth American mentella-type redfish (Templeman, 1954; Steele,
1957; Lambert, 1960; Xashintsev, 1962) and for North American

marinus-type (Kashintsev, 1962)., It is thus not very surprising

to find that redfish may be present in the open ocean as a

i
§‘ :
|

bathypelagic stock, apparently living their lives completely
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divorced from the sea bottom,

Since the earlier observations of Nansen (1886) and lMurray
and Hjort (1912) of redfish occurring away from land and over
water of great depth, most research on the possibility of oceanic
stocks has, until recent times, been concentrated on the occurrence
and distribution of larvae. The work of Tgning (1949, 1951)
and later Einarsson (1960), Hansen and Andersen (1961), Henderson
(1961a, 1961b, 1962 and 1MS,1963) and many others has: shown that
the larvae of redfish are, during May to July, extremely common
over the area of the Irminger Sea and indeed over a large part |
of the North Atlantic Ocean (Fig. 1.3). Raitt (105, 1962) has
célculated that in the eéstern part of the Irminger Sea,‘between
16 and 40 million redfish larvae could be present under esch
square kilometre of sea surface. Henderson (1961) suggests a
figure exceeding 100 million larvae under each square kilometre
for the most prolific areas in April and May, and considers this
figure to be minimal.

The large numbers of larvae that have been found across

the open ocean suggest a very large bathypelagic population of

adult redfish, or a mass migration of females to the areas of
open ocean to extrude their larvae. It is only very recently | Y

that any light has been shed on this problem, and results of

particular interest are to be found in the works of Henderson
(MS, 1963) and Zakharov (MS, 1963).
Henderson (MS, 1963) reports results obtained by hook and

line fishing from ships at Ocean Weether Station "A" (Lat. 62°K.

Long. 33°V.). Althbugh the catches were not large, some redfish

were talken in fishing attempts over a large part of the year.
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In spite of the fact that of the 30 specimens which were returned
to the laboratory only 3 were males, the results are indicative of
a resident population in the area rather than a conceniration of
females present solely for larval extrusion.

Zakharov (1963) was able to obtain numbers of adult redfish
(usually 1-4 per set) by use of a pelagic trawl over almost the
whole area of the Irminger Seaz. The most interesting point

made in both these papers is that the redfish caught in the
bathypelagic part of the North Atlantic were all mentella-type
(there were z few intermediste type fish) in morphological form,
and because the larvae they produce are more similar in their

lack of caudal melanophorés to the European mentella-type than to
the North American mentella-type, we must class them, provisionally
at any rate, as the former. ' It is significant that Zakharov
obtained both males and females and, although the fish were all

large (32-48 cm), both mature and immature fish were present.

1.13 Reproduction oif redfish

Redfish differ from most othér commercial species of fish
in that they are viviparous. In oviparous fishes, the spawning
period is a time when the males and females come together to shed
and fertilize the eggs .and when very large schools are often formed,
thus providing one of the great opportunities for man to harvest
vast quarntities of fish. In the case of redfish the "spawning perio
is actually an "extrusion" period when the small well-developed lar-
vae are liberated. At this time the presence of males is not
required and schools of "extruding" females may be formed. There
is some evidence that such schools are sometimes formed in deep

water (250 ~ 350 F.), but whether or not the birth of the larvae
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takes place at these depths is not known.

The time when fertilization takes place must of course
come earlier, before the development of the larvae in the parent
is started. Our own work, as well as that of Hagnusson (1955)
and Sorokin (1958, 1961), has shown that the pericd of -sperm
transference (copulation) occurs several months before the eggs
are activated and development of the ova starts. Sperm may be
found in the ovary from the time of first copulation.‘ Whether
these sperm are just bveing stored for later fertilization of
the eggs, or whether the developing oocytes have been alrezady
fertilized and these sperm are those superfluous to requirements,
is not fully understood. Sorokin (1958) has presented some
evidence pointing.to the conclusion that the sperm are passively
stored in the ovary until a change in pH concentration of the
ovarian fluid triggers their activity, resulting in fertilization
and activation of the ova.

In the Newfoundland area, copulation generally occurs in

the period August-September-October with larval exirusion occurring

about April-May-June for mentella. For mzrinus the time of
copulation could be cons;dered rather similaf, but some evidence
exists that, in some areas at any rate, the time when larval
extrusion occurs is earlier by a few weeks than that of mentel;a

(Templeman and Sandeman, 1959).

1.2 Age and growth studies in fish
Of all the various aspectsnof the biology and life-history
of a species of fish, one of the most important is that of growth.
The relative growth rate can, iﬁ certain populations, be studied

without direct referrence to age.

Lowr
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However, in any critical study, reference to age is required,

and thus for most purposes, obtaining the ages of indi&idual fish
becomes the prerequisite for growth-rate studies as well as

many other aspects of the life history: age at first maturity,
average age at first capture by a fishing gear, age composition

of the population, longevity and others.

1.21 lethods of Aze Determination

In general, two methods are open to the fisheries biologist
who wishes to determine the ages of samples of a population
of fish.

1.211 Petersen's Hethod

This method makes use of the polymodal nature of the length
Irequency distributions of samples containing more than one age
group. 3Because most marine commercial fishes have a single
rather restricted anrual spawning season, and because the lengths
of the individuals resulting from each spawning season tend to bhe
normally distribuved, it is oftén possible, particularly in the
early years of a fish's 1life, to obYtain mean lengths for the
various year-classes, each of which is represented by a mode in
the polymodal length frequency distribution.

Petersen used this technique for studying the seasonal and
annual growth increments of plaice before the more direct method
of age determination (below) had been established and, in general,
the direct methods have largely replaced it. Petersen's method
still provides a useful way of verifying the validity of the more
direct methods of ageing fish and has been used by redfish workers

for this purpose.
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1.212 TUse of sieletal structures

flost fishes which live in thé oceansof the temperate zones
are subject fo seasonal climatic changes, and although these
changes may not appear to influence the external environment of
tlie fish directly, they do exert some effect which usually may be
seen in a correlated cycle of cliange in the internal environment
of the fish resulting in an increase in metabolism and growth
during the summer and slow growth during the winter. This
fluctuation in growth rate is reflected in all the hard parts of
the fish. BExamination of the skeletal structures of such fish
will show the alternating bands of fast and slow growth.

This method of ageing fish was used as long ago as 1759,
when a clergyman in Sweden aged several species of fish {(including
cod) by counting the marks on the centra of the vertebrae

(Hederstrom, 1759). The method was then largely forgotten till

it was rediscovered and critically tested by Hoffbauer (1899)

who described how the age of carp could be determined from its
sceles. PFollowing Hoifbauer's paper, a great number of workers
xamined the scales of many species, and affer quite a controversy
between several of tke sernior biclogists of the time the method
finally became established. Van Oosten (1929) and Graham (1929)
have provided a very complete review of the generszl method, with
emphasis on the use of scales, and according tothi&a otoliths were
probably first used by Reibisch (1899).
If skeletal structures are to be used for age determination,

it is essential that the validity of the method used be established
for the species, and often as well for the area in whkich the

population being studied lives.




1.213 Other methods

Several other possible methods of ageing, or at least of
'examining growth rates, have been used,‘but with the general
accepténce of the method using skeletal‘structures, and more
particularly scales and otoliths, these other methods have been
largely relegated to auxiliary status and have their main use
in establishing the validity of the method used. Included here
might be mentioned such techniques as - marlking and recapture

ané agquarium studies.

1.22 The mathematical description of growth.

Trom a study of the ages and age siructure of samples from g
given population of fish, we may derive two basic quantities; one
represents the sizes of the fish and the other the ages or time
required for the fish to attain these éizes. If these two basic
guantities are plotted graphically against each other, and if
they prove to be muitually dependent within the limits of the units
used, the graphical plot will gpproximate to a curve. The curve
resulting from the plot of size against age is defined as the
growth curve. (The functions of size most usually studied in
fish are those of weight and length.) If a growilh curve can be
dravm and the variables prove to be mutually dependent, it is
convenient to further analyse the relationship between the variables
and sumarise the relationship explicitly in the form of a mathem—
atical equation. '

Once derived, an equation of growth can sgreatly facilitate
the analysis of the growth-curve, as well as make immediately
available all the material which can be extracted from it by

simple mathematical manipulation.
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b ;;_ f Also, in this era of mathematical models and computers, it is 'j
| necessary to summarise.the grovth function nathematically, so
that it can be easily incorporated into.fhe'wider nodel to provide
an insight into the inter-relationshipa of thke study animal with
other animals and even man,
. Hany different eguations have been usged in situdying the
growth of animals and plants. (Summaries may be found in Gray,
1929; Hedawar, 1945; and more. specifically for fish, Beverton
and £olt, 1957¥). HMost of these equations have been purely
emipirical, and although they are usually found to f£it the data
édequately,.their parameters do not lend themsélves to any
physiological interpretation and the "good fit" appears merely
fortuitous.
1.221 The von Bertalanffy growth Equation..
One of the most convincing attempts at providing a
physiological basis for a growth equation was ithet of Ludwig

von Bertalanffy (1934, 1938, 1949 and 1957). He recognized

growth to be the resultant of the two general body procesées, that

of anabolism or building up and catabolism or breaking down, and

‘derived a growth equation from {the continuity reletion |

d'w=HS"']G‘I 40 e00essesrnseeresoe (1) H
at .

*0f particular interest are papers by Richards (195%9) and
Taylor (1962) who consider the complete family of the most
usual growth curves and show how they are related to each other.
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This difierential equation states that the increase in weight

per unit time, L y is equal to the weight synthesized per unit

dt

surface area, H, times the total surface area, §, less the’
destruction per unit weight, Iz, times the total weight, w.

Ludwig von Bertalanffy assumed that the area of surfaces
involved in anabolic processes is proportional to the square of
a linear dimension, and that the weight related to the catabolic
processes 1is proportional to the cube of the linear dimension.
s = pl2
q1’

£
it

where 1 is length and p and q are constants of proportionality.

substituting in (1) '?.Rl ='§-l§ -1'5'{ 1 = E - Kl 0600000000000 (2)

where E=E-BandK=l.3c

Integration of equation (2) leads to the von Bertalanffy (hereafter

called the Bertalanffy) growth equation.

~Kt _
l-t =%-(%-Lo)e eecse00c000000 00D (3)
where "Lo" is the length of the organism at zero age and "e" is
the base of natural (Naperian) logarithms.
As "t" becomes large "l1" approaches u%u as the limit "L
(which is the asymtotic length, the greatest possible length

that the organism under the given conditions can zttain).

. ARy




t=-

lt = Loo - (Loo - LO) é-Kt LRI I SR Y S I ) (4)

It is convenient to consider Ly = O when t = to and equation

(4) then becomes the more usual form.

—K(t-tog

1-[;:1’00 (1_3 sreccsccan (5)

The corresponding equation for growth in weight may be

derived by substituting w in terms of 1 in the above equation.

-K(t-t033

wt.= WOO (1 - e seesetse (6)

The basic Beftalanffy equations (5) and () have been shown
by many authors (particularily Beverton and Holt, 1959), to
adequately represent the growth of many species of fish and it
is this type of equation that has been fitted to our age-length
data of redfish.

Several interesting points arise from a consideration of the

basic equation:

1, = I’ooii - e K (4 - to)}

(a) By simple algebraic manipulation the following simple

_.relation can be derived.

-} ~K
Lyg = Too (1 - €™ ) + Lge

vwhere 1444 fepresents the length at age t+l years.




(b)

This equation is that of a straight line, and the property
of a straight line being obtained by the plot of 1li against
1.1 was discovered independently by Ford (1933) and
Walford (1946). |

This transformation of the Bertalanffy.equation to a linear
form is utilized in some of the methods used for fitting
the Bertalanffy equation to a set of age length data
(Beverton and Holt, 1957; Ricker 1958).

It is important to ponder just what the various constants
mean. - Lyo represents the final size (asympioticlength)

to which an individual under specified conditions can attain,
or when approached from the population standpoint, the
average final size a sample of the population would attain,
agéin under specified conditions. K is a parameter
éxpressing the relative rate of approach to Loo and to is
in reality only a scale conétant, the theoretical age at
which 1; and Wy are equal to O.

From the physiological standpoint Lgg = % where E is the

coefficient of anabolism and K = % where X is the coefficient

of’.catabolism.

Beverton and Holt (1957) regard K as independent of changes
in food consumption, and represent changes in growth-rate
by appropriate variation of the parameter Woo or Lopo.
Taylor (1958, 1959 and 1960) has presented some evidence

to show that K increases with increasing temperature in cod

(Gadus morhua), in the Pacific razor clam (Siligua

patula) and the Pacific cockle (Gardium corbis). However,

as has been pointed out by Holt (1962), the nmethod used by

Taylor for determining the constants K and Ly (plot of




23~

lt4q against 1t) night well lead to a spurious correlation
between E and K, for a small chance rotation of the line
around its mid point will simultaneously result in lower

K and higher Lyo values or vice versa. This apparent
inverse correlation between K and ILgg has been remarked on
by several authors and indeed, it is not surprising that
guch a correlation exists, for as Knight (14.S., 1962) has
shown the correlation is in faet a mathematical consequence
of the model, as can be seen below.

The Bertalanffy equation (4) is taken as the starting point

X
14 = Too = (Lgg = Do) €™ ¢

-K{ t+

Subtracting and rearranging terms ve get.

=Xt -K
lt+1—1t=e (1—6

) (Lgo = Lo)
Por convenience let us take time zero not as the time of
birth, but as the time when Bertalanffy growith becomes app-

licable. Thus putting t+ = 0 and N e G we get.

6= (1-e™ (Tgo - To)

which may be rearranged to give.
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— (6)
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Loo = Ig
where L, is thé length of the crganism at fhe time when
Bertalanffy growth becomes applicable and G is the increase
in length between Ly and the length one year after.
it is apparent that in the Bertalanffy growth equation we
have a growth formula describing a growth curve withvno
varaneter of growth~rate. Growth-rate is a technical term
which is usually used rather loosely. - Often,~ﬁhen
talking of growth as it concerns populations of fishes, it
is said that fish from one area grow faster than fish from
another, merely because at a given age the fish from the
former area are bigger on the average than those from the
latter. While the statement is true, in this case, over
the total period in question, the implication that it is
true over all the sections of time which make up the total
period is not correct.

The growth-rate, which in g plof of age against size is
represented by the slope of the curve at each instant of its
generation, is, in Bertalanffy type growth, continually
changing, and when length is plotted'against age the growth-
rate will start fast and gradually diminish as the asymtotic
length is approached. In growth which follows the pattern
of the Bertalanffy equation (& or 5), the growth-rate is
directly proportional to the length of the organism, as can
be seen from equation (2) in the derivation of the above

formula.
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To obtain the growth rate in terms of time rather than
length, the original Bertalanffy equation may be different-

iated to yield ;
- |

"“:KIIooe LIS RN I A N B AN A RN ) (8)

In both these equations %% represents the instantaneous

growth-rate. The above equations provide a convenient

means of comparing the growth-rates of two or more

populations having different parameters K, Lgo and 1.

Using equation (7), and considering a plot of %% against 1,

we should obtain a sfraight line having the intercept on

the y axis of KLgo and on the x axis of Lgg. Thus if the

Bertalanffy equations of a series of growth curves are

available, the differences in growth-rate between them can

quickly be seen by plotting KL,, on the y axis and Lg on

the x axis and joining them to provide the plots of $F

against 1 for each individual growth curve, The straight

lines should of course be drawn only for the values of 1

for which actual data is available.

. o
it against t

for equation (8) can be used for comparing growth-rates

In similar manner a semilogarithmic plot of

and how they change throughout the lives of different

organisms, viz.

log -g-% = log X + log Lo + Kto - Kt
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and in this case the y axis intercept would be (log X +

og Loo 'l'K'bo)

‘ X )'
Again the straight lines should only be drawn for the ages

log Lgo + Kto) and the x axis intercept élOg K+1

from which the Bertalanffy parameters have been derived.

Although the former plot (equation (7)) is very much simpler,

it is decepiive in'that.it is more customary to think of

growth-rate in terms of age rather than length, Consequently
in the comparisons of growth-rates preéented here it will

be most often thé latter equation that will be used,

.222 Methods of fitting the Bertalanffy growth equation.

The method which is most often used to obtain estimates of
the parameters of the Bertalanffy growth equation is. that
described by Beverton and Eolt (1957). In this method the
Ford-Walford tfansformation is utilised and the plot of 1447
against 1y dr W%{i against W%/3 provides estimates of K and Lg,
or Voo« An estimate of ity is obtained by convertiﬁg the usual

Bertalanffy equation to its related form (linear in t)

log (Lpo = 1t) = log Lgo + Ko = Kt wes (9)

and plotting log (L,, - 1t) against t. This yields a straight
line.of-slope K and intercept (log Loo * Kto), from which the
theoretical age at which the length of the fish is zero, (tg)
may be calculated. |

Ricker (1958) is eritical of the sbove method, because in
setting the Walford line to the data, both ordinate and abscissal

values are subject to sampling error causing the points %o lie
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verratically with respect to the line fitted, and also because
the two terminal values are used only once while all others

are used twice. He prefers to utilise the Walford plot to
obtain an aepproximate value for L,, from a freehand curve and
then to use this trial value in the expression (9) above.

A graph of log (Ig, = 1) against t should be straight and the
straightness is sensitive to changes in Lggs By making a few
trial plots the Ly, which gives the best (straightest) line can
be found, and this line immediately determines K and provides
an estimate of tye |

Another and verj simple but inaccurate mefhod which also
usés the Ford-Walford transformation is discussed by Knight

(MS;.; 1962). The data are divided into four consecutive groups
of equal size (if the data are not divisible bty four, observations
are discarded from the middle). The average length is computed
for each group, and from these'averages a three point Walford
diagram is plotted and & Walford line drawn through the end two
points;. The slope of the line is K" where n is the number. of
observations in each group, and Loé may be obtained directly
from the intersectioh of the Walford line with the 450 line.

‘ If we wish to compare the growth curves and growth rates of
different populations of fisk, it is necessary that an objective
method be used to determine the parameters of the different
eéuations of growth. In examining the methods discussed above,
it is immediately apparent that Ricker's method is subjective,
and the values of the parameters obtained can depend purely
on the judgement Qf the operator. The last method is obviously
very inaccurate and Beverton and Holt's (1957) method is open

to the criticisms leveled by Ricker (1958) and.Holt (1962).
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In addition, & further disadvantage of the Beverton and Holt method

became apparent when we started using the method for ohtaining

grovwth equations for redfish. In the virgin populations of
redfish, which we were studying, the greatest part of our length
at age dzta occurred at 0ld ages and large sizes, where the ;
asymptotic part of the curve was being approached. Because of thisJ
negative values of (Lgg - 1t) occurred quite frequently and this
affected the second stage of the fitting process when we were
unable to obtain values for log (Loo - 1i) when (Lyy - 1) waé
negative. |

The 2bove disadvantage could have been obviated by grouping

the data or epplying an extensive system of smoothing, but in the

interests of greater objectivity the method was not used..

A further disadvantage of the three methiods that have been
discussed avove is that, although they provide estimates of the
parameters of the Bertalanffy equation, they do not provide any
estimates of the reliability of these parameters. Knight (vs,

1962) has described a modification %o the technique of fitting

a least squares line to the Walford diagram but the method
requires that e

approaches one. ' ﬁ
Stevens (1951) has considered the application of least-

squares techmiques to the general regression equation y = a + Bp*

(the basic femily to which many proposed growth curves belong -

Gompertz, logistic and Bertalanfiy among others) and developed an

iterative procedure for fitting this equation. If the values of
the independent variable (in our case "ages") are equally spaced,
he showed that tables could reduce the arithmetic load in calculating

the covariance matrix, and provided tzbles to aid in the conputation §

of this metrix for five, six and seven equally spaced values of X q
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Pimentel Gomes (1953) extends Stevens' work above snd his
own previous work (Pimentel Gomes and Halavolta, 1949) in a paper
concerned with Mitscherlich's regression law and its application
in experiments with fértilisers. In this paper he describes a
procedure for estimating the parameters of the curve

-c(x + b)
y=4(1-10

by the method of least squares and follows Stevens' (1951) method
in deriving the variances of the paraﬁeter estimaties from the
covariance matrix.

Iterative techniques, especially when convergence is slow,
can be extremely tedious, and unless access is available to a
computer some shortening of the iterative process is desirable.
This is in effect what was done by Pimentel Gomes (1953) who, by
incorporating a constant time interval between each value of the
independent variable and considering a constant number of
observations at each of thkese values, was able to eliminate the
bulk of the tedious iterative calculation in favour of the solution
of a polynomial using a set of tfables.

This method of Pimentel Gomes (1953) was extended to fit a
form (Beverton, 1954) of the Bertélanffy equation for growih in
length by Tomlinson and Abramson (1961), and it is this method
that has been used throughout this paper.

Like the methoé of Pimentel Gomes (1$53) the method of
Tomlinson and Abramson also requires that the values of the
independent variable (ages) be equally spaced, and that there are

a constant number of measurements within each (age group).
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If these conditions are fulfilled it is possible to compute
tables to assist in solving a'polynomial-which yields on
solution an estimate of the parameter XK. Tables have been
computed by Tomlinson and Abramson for up to 18 age groups, and
these are used to find the solution to the polynomial by successive
trials. Once the'parameter K is determined it requiies only
simple algebra to substitute this value in the normal equations
of the function to obtain least squares estimates of Lgo and t,.
When an equal number of bbservaﬁions in-each age group are used
a true least squares line is obtained if the variances of the
length at age values are equal.

Usuglly a collection of age-length data does not contain
an egual number of observations from each age group,'and in this
situation Tomlinson and Abramson suggest that either equal sized
random samﬁles be selected from the age-groups containing a
sufficient number of observations, or all the data may be used.
In the latter instance a weighted least squares fitting procedure
is appropriate, and recourse must be made to a complete iterative
procedure without the convenience of tables,

To select equal sized random samples means, in effect,
discarding data, and with the variation that is apparent in the

redfish length at age data this was undesirable. On the other.

hand, it was impracticabile to undertake the vast amount of iterative g i
computation that would be involved in the weighted least squares E

fitting procedure. It was decided to make the most use of the

best data available and to undertake the least squares fit on the

unweighted data.
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Thus instead of the least squares fit to the individual
points at which length is expressed in terms of age, least-squares
fits to the mean lengths at each age only have been considered in
this paper.

One of the advantages of these methods of fitting the curve
directly, as opposed to fitting by approximation éhrough trans-
formation, is that the direct methods can provide estimates of
the variances of the parameters. These veriances can be determined
from the elements of the covariance matrix (formed when the basic
information matrix of sums of Squafes and products is inverted)
together with the residual variance. The distribution of the
estimated parameters is, in general, unknown and caution is
needed in interpreting the variances. Because the least square
fits have been made to unweighted mean length data rather than
to an equal number of observations at each age, the variances
which we might obtain for the parameters of the fitted equations
must be considered maximal, and refinement cof the fitting ?rocedure
will in general brovide lower variandes.

The use of a weighted fit least~-squares technique would lead
to a more rigorous fit and better variance estimates. It is
interesting to note that Abramson (1963) has supplied a computer
routine for fitting the Bertalanffy length curve to age and length
data from 30 or fewer age~classes. Neither equal time intervals
between ages nor equal nuubers of lengths at each age are required.
However the number of lengths for each age group must be at least
two and at most 600. The output includes estimstes of Lgg, K and
to, their standard errors, and fitted lengths from zero to the
maximum in the sample. The estimates are accurate to at least

four significant figures, and execution time for a single curve

is less than 15 secs.
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1.3 Age determination and growth-rate in redfish

The first information on the likely growth rate of redfish

is to be found in the work of Jensen (1922). From a study of é
the sizes of larvae and fry in different months, Jensen was able
to deduce that young redfish would be.about L7 - 69 mm in length
by the winter of their first year. He suggested, on the basis
of length frequency data which he admitted was rather limited,
that the fish in age group I would be 7 - 17 cm in length, age
group 1I, 19.5-~30 om and age group III, 31 - 41 cm in length.
Saemuﬂdsson (1932) stated that redfish reached sexual maturity

at a length of 40 cm, at which time they were 8 to 10 years old.

| To Smaragdova (1936) can be credited the first detailed
account of age determination in the genﬁs Sebastes; A totél
of 766 determinations were made from scales’and 69 parallel

determinations from otoliths taken from redfish from the general

aréa of the Barents Sea. Smaragdova found it easier to determine
the age by otoliths than by scales, but obtained excellent agree-

mnent between the two methods. He found that ages of 1 - 27 years

were present in the samples and that the growth-rate was rather

slow. From the fact that fish were present to a length of 57 cm,

it seem$ likely that these redfish were of the Iuropean marinus-

type.

In 1944, Veschezerov published the results of his invest-

igations into the growth-rate of redfish from the Barents Sea.

After examining a variely of the bony parts of redfish including

otoliths, cleithra, opercula and vertebrae, Veschezerov concluded
that scales were the most satisfactory for age determination.

Ee presents an age-length and age-weight key derived from the scale
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readings of 377 redfish between the ages of 9 and 24 yearé caught
on the western slope of Murmansk Bank and Finmark Bank. An
age-length key fér younger redfish (1-16 years) he derived from
bac@calculation of scalgs from a specigl sample of 53 sub-commercial
gized fish., Veschezerov's data agreed quite closely with the

slow growth-rate obtained by Smaragdova. DBecause of the large

size of most of the fish and the shallow depths from which many

of the samples were obtained, it is most likely that Veschezerov
like Smaragdova was dealing with Buropean marinus redfish.

During the years 1938 to 1941 Kotthaus had been working on
the probiem of age determination in redfish, and due to the
intervenfion of the war he did not publish his results till 1949.
At the.time of his first paper (Kotthaus, 1949) he was unaware
of the earlier work of the Russian workers Sﬁaragdova and
Veschezerov. -lHe did however take issue with some unpublished
work of Fridriksson and Kunne both of whom, using otoliths, had
expressed the opinion that redfish were slower growing than most
other commercial marine fish (Kotthaus quotes a personal commun-
ication from Fridrikkson who found that in a sample of 85 redfish
from Icelandic waters, there was one four-year old, 1l cm;

10 five-year olds, 12 - 1k cm; 69 six-year olds, 13 - 19 cm;
and 5 eight-year olds, 16 - 19 cm.)

Kotthaus argued that, although very many rings may be
observed in the bony structures of redfish and in particular on
the otoliths, only one out of about every three is really distinct
and it is only this distinct ring which must be counted to provide
an estimation of the age of a fish, This procedure naturally

reduced the ages as determined by Kotthaus by a factor of about

three, and whereas other earlier workers had obtained ages of
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of 23 and 24 for fish about 57 - 60 cm, Kotthaus cgnsidered fish
of mean length 56.6 cm to be only seven years old.

This thesis of a relatively fast growth-rate was developed
further by Kotthaus in an extended paper in 1952 (Kotthaus, 1952).

The first published attempt at an age and growth study of

the redfish of.the Northwest Atlantic was by Perlmutter and Clarke
(1940). These authors used the scale method but, because the
scales were not clear to read when the fish were greater than
about 24 cm in length, they confined their study to the smealler
‘and~younger fish of the population. With a cut-off size of

23.5 cm, by far the majority of the fish studied were immaiure.

Perlmutter and Clarke made a serious attempt to validate their

method and they suceeded in showing that, at least during the
early life of the fish from the Gulf of laine, a single gone of

narrowly spaced circuli was laid down in the period November to

March of each year. This siudy showedla very slow growth-rate
for redfish in the Gulf of IMsine.

Travin (1951) described the ﬁew species, the deep-water red-
fish Sebastes mentella, and in pointing up the differences. between

it and the normal common redfish of Furope, Sebastes marinus, :

showed growth data for both these forms. Travin's ages were P

obtained from scales (personal communication) and only average

lengths at each age are presented. These data indicate that they
grow at about the same rate to sbout 4 years of age, and aiter

this mentellz grows more slowly until at about 17 to 18 years the

marinus fish average § to 9 cm longer than the mentella-type.
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In 1956 a symposium was convened by the International Commission;
for the Northwest 4tlantic Fisheriés (ICNAF) in which it was
proposed to examine several of the current "problems" of fisheries
biology. Included among them was the problem of the ageing of
redfish, Papers, individual otoliths and other materials
helpful to the problem were all discussed. Dr Kotthaus presented
a written contribution outlining the main arguments underlying
his general thesis of a fast growth-rate (Kotthaus, 1958).

Mr Kelly then presented the alternative viewpoint of the slow
grouwth-rate (Kelly and Wolf, 1958, 1959). In his presentation,
fir Kelly showed some excellent photographs of redfish otoliths
taken from fish gf the Northwest Atlantic. 411 these showed
clearly defined hyalire zones betvieen which no sound reason for
discounting some and counting others could be found. These age
readings indicated a very slow growth-rate in Sebastes.

Additional evidence in favour of the slow growth rate

hypothesis was presented by Rasmussen (1958), who presented and dis-

cussed some excellent photographs of otoliths from Sebastes

length frequencies of a group young redfish ifrom Hermitage Bay on
the south coast of Newfoundland. This group of fish, well
isolated in length from the 1argef fish which composed most of

tke calch, was followed during 8 research cruises in 1954 and 1955.
The scales from these fish, which showed an incomplete first
year vhen they were first capitured in December, 1953, showed 1

year in December 1954 and 2 years in Fovember 1955. (Sandeman

1957, 1958).
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Although not recorded in papers, two further significant

contributions are noted by Parrish (1958), the convener of the i
group studying the problem. Dr G. Rollefson presented photographs l
f otoliths prepared by Norway and claimed thal it was impossible
to discriminate between the two types of zones as claimed by
Dr, Xotthaus. The Norwegian age interpretations agreed sub-
stantially with Iz Kelly's. Dr., Fridriksson cited examples of
Sebastes otoliths on which up to 70 wintfer zones could be counted,
and announced he was forced to regard Sebastes as a very slow-
growing fish.

The general opinion of the group was that the wide divergence
in growth-rates obtained by adherents to these two schools of
thought was, for the most part, due to basic differences in the
method of interpreting the zones of the otoliths. The group

noted also that, several times during the meetings, information

was presented which illustrated substantial differences in growth-

rate between stocks of Sebastes in different parts of the Horth

Atlantic, and recognised thet progress in ﬁhe racial problem was

required before real differences in growth-rates between stocks of
fish and between age-reading techniques could pe elucidated,.

The next great landmark in redfish research was a five day
symposium devoted entirely to rediish. This was held in i

Copenhagen in Cctober 1959. Before this meeting, however, several

important papers on redfish ageing and growth-rate were forthcoming.

Bratberg (1955, 1956a, 1956b) undertook a careful study which

validated the use of scales and otoliths for age determination

in redfish obtained from three localities along the coast of Norway.
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Steele (1957) in a biological study of the redfish of the Gulf

of St. Lawrence published growth rates of male and female red-
fish from the otoliths of a sample of 101 fish. Surkova (1957)
examined a total of 4119 mentella-type redfish for age investig-
ationé using scales. These redfish were caught in the Barents Sea
in the years 1953, 1954 and 1955, ”Sh% obfained a growth-rate for
mentella~type redfish from the Barents Sea rather similar to that
obtained by Travin (1951).

Kelly and Wolf (1959) added a significant contribution to the
literature on Sebastes of the Northwest Atlantic, This paper
was in fact an expanded version of Mr Kelly's presentation to the
1956 symposium, and the complete paper wzs preceded by several
minor informative articles or abstracts (Graham, 1953, 1954,

1955, 1956 and 1957; 4non 1957).. In this paper Kelly and Wolf
present conclusivé e%idence that both on otoliths and scales,
one and only one hyaline.layer or annulus is lalid down per year.
Their growth curves show an extremely slow faté of growth for
the redfish of the Guif of HMaine.

In 1956 the vanguard of the great Russian fishing fleet
arrived in the waters of the Northwest Atlantic and whereas in
1955 they had not a single vessel fishing for redfish in the
ICNAF area, by 1959 their catch had risen to 155,000 metric tons,
a figure greater than the amount landed from the area by all
countries put together in any one year prior to 1956. This
great fishing effort was accompanied by research effort as well,
and the results of age determination by Russian workers of the
redfish of the Northwest Atlantic began to enter the literature
with the publication of age distribution data (Marty, 1958; Travin

1959).
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At the Redfish Symposium in Copenhagen held in October 1959,

several papers on the ageing and growth-rate of redfish were pre-

sented, and once again most of these presented evidence

supporting the slow growth-rate hypothesis.

Hansen (1961) summarised his work on small redfish from

Godthab Fjord, Greenland (Hansen 1957, 1958a, 1958b, 1958c¢, 1959).

He was able to sample a population of small redfish 46 times

between July 1946 and June 30th 1959. The majority of the redfish

were below 25 cm in size and Hansen was able to apply Petersen's

met@od and obtain both ages and growth-rates for different year-

classes to an age of about 7 - 8 years. He found the growth~rate

to be very slow (20 cm in 6 years).

Kelly, in addition to presenting the previously published

paper (Kelly and Wolf, 1959), gave an extremely interesting paper

on their studies of tagged redfish at Eastport, Maine (Kelly and

Barker, 1961). Fedfish from deep water are extremely difficult

t0 tag because they are in such poor condition when brought to

the surface owing to the expansion of the swimbladder gases

resulting from reduced pressure. Kelly and Barker rediscovered

a stock of inshore redfish (first reported by Verrill, 1871) and

were able to tag large numbers of these fish after catching them

by hook and line near the surface around the docks. He was able

to recapture almost all these tagged fish at will and some even

as many as 5 or 6 times. The early tagging data indicated an even

slower growth-rate than was obtained by otolith studies and thus

although the tagging data Gid not validate the latter, they did

favour the slow growth hypothesis. Subsequent data (Kelly and

Barker 1963) have shown that after a considerable -check in growth
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of as much as three years duration after tegging, normal growth
was gradually resumed, and this normal growth agreed with the
growth rate obtained from ages found.from otoliths, Graham
(11.8., 1963) reports on these same tagging experiments, and
indicates that the substitution of plastic dart tags for the
Petersen discs used earlier resulited in no measursble check in
growth with tagging and a growth rate which was very close to that
obtained from otoliths. '

Further evidence supporting the general .conclusion of a
slow growth rate in Sebastes was reported by Sandeman (1961) for

North American mentella-type redfish, for European mentella-type

by Surkova (1961), and for Sebastes viviparus by Trout (1961).
Kotthaus, who was present at the meeting, did not mske a formal
contribution to the discussion of the age and growth problem.

The group agreed "That for the study of population dynamics the

- conception of the slow growth of warinus and mentella, as advocated

by a number of the experts, should be accepted” (Rollefsen 1961).
Subsequent to the symposium a few significant papers have
appeared, probébly the most important of which was that by
Surkova (1962). In this paper Surkova shows average length at
age values for mentella redfish from several areas of‘the Forth
Atlantic including divisions of ICNAF Sub areas II and iII(Fig 1.1
shows the ICKAF Sub areas as well as other place names and
localities mentioned in the text). Zakharov'(l962) studied the
growth of marinus-type redfish from Weét Greenland and obtained
a growth rate slower than Travin (1959) found for the Barents Sea
and Hansen (1961) for the younger fish in the coastal fjords of

West Greenland.
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Some interesting additional data are provided by Hansen (1963)
who reports on his tagging experiments of redfish in Godthab
Pjord*. By 1963 he had obtained 66 recoveries which were usable

for providing data on growth, and the table below shows the

average growth increments for the periods between tagging and

recapturc.
Years at large 0 1 2 3 L 5
No of specimens 10 33 12 10 - 1

Increment-limits (em) 0 =1 0 ~3 0.5~-3 0 - 5,2

Mean Increment 0.6 0.8 1.9 1.2 - 2

Although the sizes of the fish are not given, a slow growih-

rate is indicated.

* (A preliminary account of these tagging operations had been
presented at the 1959 redfish symposium - Hansen, 1961.)
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1.4 Materials and Methods.

This study is based, with the exception of Hermifage Bay where
scales were also used, on the examination of otoliths. The
validation of the method used to obtain the ages of the fish, and
the associated deyelopment-of the age reading techniques, are to
be found in the section concerned with Hermitage Bay. A large
part of this section has been taken from Sandeman (1961).

The general localities of the areas where the samples of fish

~used in this study were obtained, is shown in Fig{l.l. At each

of the localities redfish were obtained by otter trawling, the

required samples separated from the catch by a sampling procedure

and the individual fish examined at sea or in the laboratory to ob-
tain the requisite data, In most cases the following data were
obtained from each fish: 1ength,.sex, and maturity, and the
otoliths Were removed for subsequent examinstion.

All fish lengths reported here are "fork léngths", the
measurements being taken from the anterior tip of the lower jaw,
with the mouth closed, to the end of the median caudal rays.

For age reading the scales were cleaned in a solution of
sodium peroxide and mountgd in a gum-arabic solution, on a glass
slide, under a coverslip. The winter zones were counted after
an image of the scale was projected on to a white surface by a
standérd scale prcjector. As only very occasional otoliths were
elear" enough to be read whole; all otoliths were cracked
transversely before being examined under a binocular microscope
(13x). The cracked surface of the otolith, moistened with 95%
ethyl alcohol.or immersion oil, was usually viewed by reflected

light, with all the otolith surface other than the cracked
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surface shielded from the light. For the otoliths of the oldest
fish it was usually necessary to use a higher magnification (30x)
to distinguish the many fine zones at the outer edge.

Unless stated to the cortrary, all age determinations were

made by the author.

¥or most of the data here, Bertalanffy growth curves were

fitted to smoothed mean length values at even ages between stated
upper and lower limits. These limits were determined by the
range of data availeble for the fit, bearing in mind that the

method of Pomlinson and Abramson (1961) requires that there be

no gaps in the consecutive ages used, and that the tables only
allow a total of 18 groups of ages to be used in the fit,

Smoothing was accomplished by use of the formula

Ty=% (11 /2+ 15+ 1,/ 2)

where 1t is the smoothed mean length at the even age t and 14
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 requisite interpolation.
Where growth curves are presented in Figures, the thicker

line shows the range of ages to which.the curve was actually fitted,

while the thinner line indicates the extrapolated curve.
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2., Hermitage Bay

2.1 HMaterials and lethods

The fish used in this study were all obtained by otter
trawling in Hermitage Bay on the south coast of Newfoundland (Fig.
1.1).

‘with the outer part narrowing down over the course of some 13 miles

This bay is funnel shaped, about 7 miles wide at the mouth

1o a width of 1 mile. From there it continues inland as a narrow

cleft, varying in width from 3/4 to 1% miles before finally termin-

ating a further 1l miles inland. The edges of the bay are steep,

and deep water (200 m.) extends over most of the area to very

close inshore. Redfish may be caught over the entire deep-water

area and, even after the bay narrows to a width of 1 mile, catches

of 3,000 - 4,000 pounds (1,360 - 1,820 kg.) per 30-minute haul of

redfish have been obtained only 2 miles from the end of the bay.

Hermitage Bay is apparently well suited to redfish, and in

the two years before the bay was closed to the larger trawlers

(at the Confederation of Newfoundland with Canada in 194G) over

7 million pounds of redfish were taken from the outer part and

just outside the bay. There is no shallow bar at the mouth and,

although the tempergture of the surface and intermediate layefs

of water are subject to considerable seasonal variation, the

temperature of the bottom water, which is likely of Atlantic origin,

has remained within rather narrow limits and at depths between

250 2nd 300 m. has varied only between L.5° and 6.0°C. during the

six years when detailed hydrographic data have been obtained.
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The vast majority of the hauls were made in a rather
restricted area of about 3 square miles in the depth range 130 -
145 féthoms (238-265 m). A few hauls outside this area, but
stili vwithin an area of about 14 square miles and in the depth
range 120 - 180 fathoms (220 - 330 m), have also been included.
The variation in the catches between the extremes of the depth
range may be considerable, both in catch per unit effort and in
length~frequency distribution, but in this examination of age
and growth it is considered that this variation is of little
importance, |

In the area where most hauls were taken and where the depth
range was 130 ~ 145 fathoms (238 - 265 m), the fish are almost
entirely of the typical mentella-type. This is iliustrated
by the fact that in some 170 hauls made during the year 1958, only
36 marinus-type fish were taken as compared with over 147,000
mentella. In depths at the shallow end of the complete depth
range and over a more rocky bottom, marinus were found to be
slightly more plentiful, but were still outnumbered by far by the
normal typically mentella form, It is thus considered that the
rate of growth reported here may be regarded as a preliminary

estimate of that of the North American mentella-type redfish.

2.2 Growth-rate of juvenile fishes

2.21 Examination of length-freguencies gPetersen's method)

Hensen (1957, 1958 a, b, and ¢ and 1959) has reported a very

interesting series of length measurements of small redfish from
Godth8b and Tunugdliarfik Fjords taken during various months of

the year from 1952-1957.
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Figure 2.1 Length-frequencies of
small redfish (sexes combined),
caught in Hermitage Bay, 1953-1957.
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These measurements illustrate the progression of the modes of
different year-classes, and allow an estimation of the growth-~rate
during the early years of the fish's life. | These data show an
extremely slow rate of growth,

A similar series of length measurements of small redfish

taken in Hermitage Bay during various months of the year from
December 1953 to November 1955 has been reported by Sandeman
(1957, 1958), and this series was continued in somewhat less detail,;
during the period 1956-1959 (Sandeman, 1961), and in later years
the population has been sampled once per annum. .

The small fish were‘caught by means of a No. 35 or 35A%
otter trawl, the cod-end of which was lined or covered with either
4" mesh nylon or 3/8" mesh cotton netting.

During the years 1953, 1954 and 1955, all fish with lengths
of 15 cm and under were separeted from the catch and measured to ‘
the nearest mm, |

In Fig 2.1 the measurements have been combined in 0.5 cm
groups and the numbers of fish occurring in each 0.5 cm group have

been expressed as percentages of the total number of fish 15 cm and

under, In 1956 all fish with lengths of 20 cm and under were

separated from the catch and measured in. 0.5 cm groups. The
measurements have been plotted in 0.5 cm groups, and the numbers
of fish in each 0.5 cm group have been expressed as percentages of
the total number of fish 20 cm and under. In 1957 no special
attenpt was made to separate the small fish, and they were
measured to the nearest centimetre as they occurrcd in the complete

catches or in random samples of the complete catches.

*The No. 35A otter trawl is a modified Fo. 35 trawl, but in both
nets the width of the mouth of the net is the same, the headline
having a length of 50 feet (15.25m).
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Figure 2.2 Length-frequencies of all redfish
caught during trips to Hermitage Bay, 1954 to
1962. (Only sets in which a fine meshed cover
was used have been included).
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In Fig 2.1 the 1957 data have beeﬁ plotted in centimetre groups
and are expressed as percentages of the total number of fish
20 cm and under.

The progression of the modes from December 1953, through the
subsequent months and years to 1956 can clearly be observed in
Mig 2.1. This is particularly so, since the dominant group
represents a single yeér-class.

In 1957 this dominant group of small redfish cannot be so
easily discerned and by 1958, 1959 and later it had, to a great
extent, lost its identity, having started to merge with the peak
above it. During these latier years the group can no longer be
isolated, and musf be examined in relation to the length-frequency
of the complete catch.

Pig 2.2 shows the length-frequencies of the complete catch
in terms of numbers of fish caught per hour at each centimetre
group during selected trips for the years 1954 - 1962. The
catch per hour is based on the catches of a No. 35 or No. 354
net having the cod-end covered with % inch nylon or 3/8 inch
cotton netting. The trips have been selected to be representative
of that period of the seasonszl cycle when largest catches are to
be expected in the area (Jure to September). The merging of the
group of emall fish with the peak abéve it can be observed, arvd -
it appears thzt this group is exerting a considerable influence

on the fish vhich malke up this peak.

2.22 Growth-rate from scales and otoliths.

Although many workers have used the otolith or scale methods,
or both, for estimsting the ages of rédfish, few have had good

opportunities for checking on the validity of the method used.
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Because the divergence of opinion between those who favour a

slow growth-rate and those who favour a fast growth-rate is due,

most likely, to the different methods of age estimation, the

establishment of the validity of the method used becomes of the

utmost importance.

Perlmutter :and Clarke (1949), after examining the scales of
redfish obtained from the Gulf of Maine during various months
of the year, have shown that, in a single year, the scales reveal
but a single zone of widely spaced circuli followed, during the

period Kovember through liarch, by a zone of closely spaced circuli. |

North American biologists have also found that for redfish §
of the Gulf of Haine (Anon; 1957; Kelly and Volf, 1959) growth
of the otoliths shows but a single pair of opaque and hyaline
zones to be formed during a single year.

Bratberg (1956) has;shown, by examination of the otoliths from
samples taken from a stock of - juvenile fish at various intervals
throughout a period of over a year, that one opague and one hysline
zone constitute an annual riﬁg, and that the edges of the scales E

were found fto correspond to this, a single band of broadly spaced

circuli followed by a single band of narrowly spaced circuli

making the scale growth for a single year.
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The group of small redfish, which has been followed for a
number of years in Hermitage Bay, Newfoundland (Fig 2.1), has
also revealed that during a single year scale growth shows only
the formation of a single band of widely spaced circuli followed
by a single zone of narrowly spaced circuli (San@eman, 1958; 1961).

This group of fish has now been followed for 10 years, and although

it becomes rather difficult to distinguish between the zones of
the scéles after the fish are about 4 years old, the otoliths
have remained relatively clear, and in each successive year a
further peair of zones, a hyaline and an opaque, can be observed
to have been laid down.* The duration of the period in which
the aifferent zones are formed is somewhat variable, apparently
depending on the chargcteristics of the water and food during the
different years, but-in general the opaque zone orf an otolith

is laid dovn between April - May - June to September - October‘—

November, and the hyaline zone from Seplember - October - November

to about April - Hay - June.

2.23 Ages of the small redfish from liermitage Bay

The sﬁall redfish in Hermitage Bay first appear on the bottom
during the winter months when they are about 60-30 mm in length.
It is perhaps worthy of comment that at this time of the year
the water column above is almost uniform in temperature from top
to bottom, and the characteristic cold water intermediate layer
(«1.0° to 1.0°C), which throughout the remainder of the year is

always present to a greater or lesser extent, has been dissipated.

*Fig 2.3 shows a selection of better otoliths taken from redfish
of this dominant year-class in the summer of eack year 1954 to 1961.
Scales are shown from the same fish for the years 1954 to 1957.
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During the winter in which they first maké their appearance

on the bottom, the first indications of a definite hyaline zone of

the otolith and the first zone of narrowly spaced circuli on‘the

scales may be observed. It is not, however, known for certain

whether or not this 1lst zone of narrowly spaced circuli of the

scales and the first definite and clear hyaline zone of the

otoliths really represents the first "winter" of the fish, and

whether the extensive growth from about 7 mm in May - June, when

the larvae are extruded, to 60-80 mm in December takes place

during the first year of life of the fish, or whether the pelagic

period of its post-larval life extends over a period greater than

a year.

Whether the fish are in their first year of life or older at

the time of formation of the lst hyaline zone of the otoliths or

lst zone of narrowly spaced circuli of the scales does not affect

the use of otoliths and scales for the determination of age, and

provided the age determination is consistently referred to the

easily distinguishable iStZdefinite hyaline zone of the otolith

and the equivalent first zone of narrowly spabed circuli of the

scales, the determination of age from otoliths and scales may

proceed.

4All the ages used in this paper azre referred to the lst def-

inite hyaline zone of the otoliths and the corresponding lst

zone of narrowly spaced circuli of the scales as being the 1st

"winter" zonhe of the fish's life. Thus a fish caught in December
having scales showing only widely spaced circuli with no zone of
narrowly spaced circuli, and otoliths with only an opague zone

would be considered as in their first year of life or Age O.
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Figure 2.4 Age-frequencies corresponding to the length-
frequencies shown in Fig, 2,1, The numerals in parenthesis
indicate the numbers of fish, the otoliths of which were
examined for age determination.,
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The end of each zone of "winter" growth is coincident with the
"binth date" of the fiéhes and thus a straight count of the

number of complete "winter" zones provides the estimate of age.
Becaguse so little growth takes place during the months January

to May, it is convenient to regard the dirth date as in the

previous January so as to put the estimated ages on a2 calenlar
year bésis.

In the yéars 1953-1957,. random éamples, usually of about
150 fish, were obtained from the gmall redfish caught during each
trip to Hermitage Bay. These fish were usually measured to
the nearest millimetre before being preserved in 95% ethyl alcohol

for later examination at the laboratory. The scales and otoliths

were subsequently removed and preserved in vials containing 95%

ethyl alcohol.
For the younger fish (to about 4 years of age) the otoliths

and scales were read independently, and the few age estimations

which did not agree were re-read and argued to best.agreement.

In the older fish of‘the series no recourse was made to the scales,

and two independent age estimations from the otoliths served

the same function. |
Age-freiuencies, corresponding to the length-frequencies in

Fig. 2.1 are shown in Fig. 2.4, These have been expressed as

percentages of the fish, 15 cm and under, occurring in the sample
during 1953, 1954 and 1958, and percentages of the fish 20 cm and
under, during 1956 and 1957.

These age-frequencies emphasize the fact that the group'of
small fish is made up of a singie year-class which, for several

’H,years, dominates the year-classes both above and below it, and that,

&aduring the four years following the settlement of this dominant
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year-class, only very few fish of more recent year-classes have ;

succeeded in settling to the bottom in this area.

The dominance of the 1953 year-class can be more clearly

seen in Fig. 2.5 where the length-frequencies shown in Fig., 2.1

for June or July 1954-1957, have been broken down to show year-

class composition at each length group. The length-frequencies

are presénted as histograms and, for the sake of clarity, only

the 1951 and 1953 year-classes are shown separately, all other

year-classes heing combined together. The cominance of the 1953

year-class is quite striking. The umean lengths of the fish

of this dominant year-class have been calculated at each time of

sampling, and Pig. 2.6 indicates the rate of growth of this single

year-class during the period 1953 to 1959. The mean lengths of

the fish of this dominant year-class were calculated for most

samples from measurements made before vreservation in ethyl

alcohol. For a few samples, only measurements made after

TN,

preservation were available, and in these cases the mean lengths

of fish after preservation have been converted to mean lengths
of fish when fresh. During 1954, 1955 and 1956 sufficient
samples were obtained at different seasons of the year to illustrate

the seasonal growth cycle, but in the more recent years adequate

sampling of the year-class by nets with fine meshed covers has

g

been restricted to but one or two trips, and the seasonal éycle

cannot be recognized.

Fig. 2.7(a) shows the growth curves for these same fish, but

here the data for the years 1960 and 1961 has been added and

only one mean length is shown for each year, this being chosen

from the nearest sample to June 30th.
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18 THIS AND THE FOLLOWING FIQURLS SHOWING GROWIN CURVES AND THEIR
DERIVATIVES, THE THICKER LINE SHOVS THL RAMOE OF AOES 70 WHIOH THE
CURVE WAS ACTUALLY FITTED WHILE THE THINNER LINE INDICATES THE
EXTRAPOLAZED CURVE,
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The curves in this figure are those of the Bertalanffy growth
equation fitted to the mean lengths of ages 2 to 7 by the method
of Tomlinson and Abramson (1961).

The Bertalanffy growth equations are as follows:-

31 E 1 - ome17 (t + .4)} {g

Fales. 1t

TFemales. 1t = 43 {'1 - gm*10 (t + .7)} | 35

Because the curves have been fitted to the length data for

so few and such young age groups, the parameters are rather

meaningless and this is shown up when the constants of the

Bertalanffy equations are exsmined in conjunction with their 95%

confidence limits,

Parameter Males - Females

Loo . 31+ 28 43

i+

95
K 0,17 + 0.35 0.10 + 0.37

'to - Ooq‘ _'t 106

Considering the very high standard errors involved, it is

remarkable how well the curve of best fit for these young fish

agrees with the curves for the older fish which are derived

later.
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A B’ ; 2.3 Growth of the larger fish

2.31 Examination of length-freguencies

The length-frequency distribution of the fish in Eermitage
Bey, as observed during the years 1953-1959, is characteristically
tri-modal (Fig 2.2). In addition to the growp of voung fish,
tentatively regarded as the 1953 year-class, a second group,
having a mode at 22-23 cm for males and 24-26 cm for females, has
shown up consistentiy during the years 1954-1957. The other
peak, which for males is well defined at 36cm, is not so clear
for the females but 1t can usually be reéognized at 38-40 cm.

4 further peak, intermediate in position to the two already mentioned
;ﬁox‘ : _ occurs occasionally. (It may be seen iﬁ the length-frequencies
shown for 1954 in Fig, 2.2) The sporadic occurrence of this peak
continues to be perplexing, particularly as its appearance and
disappearance méyvoccur over a very short pefiod'of time.

It has been shown that, for the juvenile fish, the progress-
ion of the modes of the length-frequencies, although rather slow,
is easily discernible, particularly when consecutive years are
congidered., An examinction of the length—freéuencieé for all
sizes of fish in the catch (Pig. 2.2) does not reveal any easily
discernible progression of the two major peaks of the large fish
. during the nine years for which data are shown. Some progression

can be seen in the lower of these two pesks (males at 22-23 cm and

females at 24-26 cm) during the years 1954-1957, but in 1958 and

later this progression is disturbed by the merging of the 1953

year-class with this group. The peak for large males, which is

particularly well defined, remained at 36 cm for the 9 years




;shown, and indeed also appeared at the same length group during

} catches in 1947 and 1948. The corresponding peak for femeales,
b although not so clear, also appears to have remained stationary

for many years.,

The very slight progression of the peak with modal lengths

.
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% of 22-23 cm for males and 24—26 cm for females and the complete

R ® lack of movement of the pesk for the large fish are suggestive

FOIVRS

‘ ; of a very slow growth—rafe, with the oldest fish attaining a
;J'ngﬁ': final size after which no further measurable growth in length
f?ai‘f _ ; ensues, The relative immobility of the latter peak is interpreted
| as due to the combined effect of the practically‘negligible

ﬂ*gi”lﬁ : _,'- é growth that would occur in the fish of considerable age, and the
n::nm§0. ; ' i piling up of a large number of year-classes within the single

peak,

2L awois

"“”ihwfv'?  ? 2.32 Age estimstion and growth-curves from otoliths

RRCELE L v; Although during the early part of the fish's life there is
il i - _é considerable evidence that the annual pattern of otolith growth
no ol  % ; é consists of the formation of a single pair of zones (one hyaline
hpuaaf ff E; an& one opaque), this definite evidence is lacking for the older

92 100 ? ; _3 fish, To extrapolate this principle to fish which are older,

e and in most cases sexually mature, is perhaps to invite criticism,
oot f but in the apparent absence of any real evidence of "split rings"
ﬁgkuﬁ }'[ :i (Graham et al 1954, Trout 1954, 1958) or spawning zones (Rollefsen

L 1933 and 1935), and failing any other method of obtaining
ﬁigq;g; - E consistency of reading, each hyaline zone, which may be traced
siii |l : along the shorter axis when the cross section of the otolith is

examined, has been regarded as representing a further year of life.
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Checks or false hyaline zones Go occur and may often he seen in
the otoliths of the small fish of the 1953 year-class. In

following this year-class, it has been noted that it is only the

frue hyaline zones which may be traced along the short axis, and

that the false hyaline zones or checks, when traced round to the
short axis, disappear or combine with the true hyaline zone. Tais

can also be seen in the photographs of the otoliths of both

Sebastes marinus and Sebastes viviparus shown by Rasmussen (1958).

Ages have been ectimated from samples of otoliths obtained
from HKermitage Bay during trips in 1953, 1957, 1958 and 1959.
Although these samples were obtained in different months and
years, it is convenient, because of the large variety in ages
oceurring énd the necessity of separating the males and females,
to combine the samples in order to provide even an approach to
an adeéuate total sample, Age estimeitions have been made from
the otoliths of a total of 903 fish, of which 205 fish were of
the 1953 year-class. As this year-class appears to have shown
gbnormally fast growth during the first L years, and its numbers
are so0 great relative to the other fish, these fish have been
excluded in deriving the mean growth curves shown in TFig. 2.7(b).
Thué these curves are based on age estimations from the otoliths
of 366 males and 332 females,

The curves shown in rig. 2.7(b) are Bertalanffy growth curves
fitted to the smoothed mean length values for even ages, for
ages 6 to 40, The parameters of these curves together with

their 95% confidence limits are shown below,
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Parameter " Males Penales

Lo 35:2 + 1.0 39.7 £ 0.9
K 0.119 + 0.028 0.113 + 0.019
to ~0.3 # 1.6 0.3 % 1.0

It is evident from these figures above that we have extremely

good estimates of the Bertalanffy parameters. The very low
stendard error for L,, reflects the fact that we have data
extending to the region of the asymptote and are not forced to
extrapolate well beyond the range of the data to obtain an
estimate for this parameter.

As pointed out already the resemblance between the fitted
curves for the larger and older fish gnd those derived from the
mean lengths at age for the 1953 year-class, which we have followed
'year by year and thus can age them accurately, is very close.

This resmeblance suggests some measure of confidence in the method
of age determination and the age estimates obtained by it as

applied to the older fish of the population.
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3. BSouthwest slope of the Grand Bank

3.1 IHaterial and methods

The Fisheries Hesearch Bosrd of Canada research vessel

Investigator II devoted considerable time in l§47 to exploratory

fishing in the area of the southwest slope of the Grand Bank,
and in the course of 8 trips to the area a total of some 450
fish were brought back to the iaboretory for examination. Idost
of the fishing, however, took place in shallow water (for redfish)
and the greatest depth fished was 115 falhoms. Althoﬁgh we
have later data for the area,'the data presented here is fof
1947 only. It ﬁas hoped that this data might yié;d informatién
on the natural mortality rate, for prior to 1947 less than 500 metric;'
tons of redfish was landed from ICNAF Sub area 3 (Templeman, 1959). ‘
it'is unfortunate that the data from such a wide area, and'
from so many sets, must be combined to provide an adequate sample
for ageing, but as the depth range is not very great any
deleterious effect is unlikely t® be of importance. The locations
of the differeﬁt samples and numbers of fish yielding otoliths
for study are indicated in ¥Fig. 3.1. |
Although the samples were not examined for the presence of
marihus, it is most unlikely, from our subsequent knowledge of the
numbers of these fish in the area, that more than thg occasional

marinus fish was caught. The growth curves presented here caw

thus be considersd as those of Worth American mentella-type redfish.

R R S A,
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Comparison of ages and growth-rates as determined by two

different persons.

The otoliths from the southwest slope of the Grand Bank
have been examined and ages estimated by two different persons,
the autiior and technicain &, E, Squires. This provides an
opportunity to examine the variation occurring between the two
age readers who are attempting to determine the ages, using
exactly the same basic method. It is not very frequently when
ages are estimated from redfish of 10 years old or older, that

two age readers will obtain the same zge reading and indeed, in

this comparison, out of a total of 444 ages only in 43 cases

" wes complete agreement obtained.

Fig., 3.2 shows the number of times in which agreement or
disagreement occurred between the {two age readers, Squires and
Sandeman. It is evident from this figure that there is a wide
variation between the ages as determined by these readers.
Furthermore, the spread of the data on the upper side of the
Giagonal of complete agreement indicates that the ages estimated
by Squires are on the averege, higher than thorse estimated by
Sandeman, This may perhaps be betier seen by examining the
frequency of agreement and disagreement without reference to the
actual ages at which the zgreements and disagreements occurred.
This has been done in rig. 3.3, which may be considered as a
"difference frequency histogram'", The shape of this histogram
approximates to a normal curve and thus indicetes a rather large
random error but also, because the curve is skewed to the right,

it indicates that Squires on ihe average obtains age estimates
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that zre slightly higher thar those of Sandeman.

tie would infer from the rather poor agreement between the
two age readers (about 10% agreement) that, particularly when the
older fish are considered, investigations involving year-classes
ané comparisons of their relative sbundance will be rather abortive,

unless very large numbers of otoliths are examined. this

however does not concern us here, for apart from the cspecially

ebundent year-—classes of young fish,which can be recognised by
their size and abundance alone without recourse to otoliths, we
are not dealing with year-classes but with overall growth curves.
We should examine, however, how the agreements and disagreements
referred to above affect the growth curves and eguations of growth
that are derived froum them.

The values for mean length at each age, as calculated from
the age estimztions of Squires and Sandeman for males and females
separately, are shown in Fig, 3.4. ~ Also shown are the least
squares Bertalanffy curves fitted to the smoothed mean lengih at
age Qata for ages 8 - 34 (because of the lack of data at age 33,

34 and 35 for females in Sandenan's data,this curve was fittedto the
smoothed data for ages 8-32). Yhe curves derived from the two
different persons appear so similer in this figure that it is
difficuls to see any difference at all, To see any difference,

it is really necessary to plot the curves as derived from the

data of each age reader on the same co-ordinate system, and this

has been done in Fig. 3.5. 1t is apparent in this figure thet the
agreement for males is indeed very close, anrnd that from ages of
about 8 to 24, the curves as derived from the data of Squires

and Szndeman are virtually coincident, The comparison between the

two curves for the females confirms that which was indicated in
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Fig. 3.2 and 3.3, namely that Squires tended to read the azges slight-
ly higher than Sandeman, and this is reflected in the curve from
the latter's data being slightly 2bove that of the former.

The agreement between the two curves for the male fish is
all the more striking because we have what might seem to be a
highly abnormal curve, A glence at the Bertalanffy equations
for these curves wili show that we have the astonishing values of
- 17 and - 20 for the parameter to, and when the curves are
extrapolated beyond their fitted range we find that the males
would be 20 cm in length when born.  This illustfates the danger
of extrapolation beyond tye range of the data, a danger, which
because of our lack of data on small fish, affects our estimates,
particularily of t,, but which for most species of fish affects,
that in many ways mére important paremeter, Lgo. |

The parameters of the Bertalanffy eguations and their standard

errors are tabulated below.

Paraneter lales Females

Squires Sandeman Squires Sandeman

30,6 + 2.3 33+ 6 33.3 £ 2.0 3.2 + 1.k
0.06 + 0.0k 0.05 + 0.05 0,13 % 0.07 0.13 £ 0.05

-17 x5 -20+ 6 - 0.7 + 4.5 - 0.7 £ 3.0

It is evident from the considerable overlsp in the confidence
limits of all the parameters above that, for both males and females,
the growth curves derived from the age estimctes of Squires and

Sandeman can be considered similar.
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This is a very useful result for it means, providing it is
growth curves and the equations of these curves in which we are
interested and providing neither person deviates from the basic
method of age determination, that otoliths read by either Squires
or Sandeman may be used for the derivation of growth curves and
the equations thereof, and that these curves and equations can

be directly compared.

3.3 Growth curves of mentella redfish

The growth curves and fitted equations are discussed in

section 5.2.
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L, Gulf of S5t, Lewrence.

4,1 Introduction.

In the Gulf of St. Dawrence, the history of the redfish
stocks and the effect of the fishery on these has been.of very

great interest. The fishery, which only started in the ecrly

1950's, rose rapldly %o & peak in 1955, when landings of almost

50,000 metric tons were recorded. In subsequent years the landings'

nave decreased, till in 1962, the most recent year for which

figures are available, only 6,500 metric tons were landed from

the area. The St. John's Biological Station has followed this

v of exploitation with considerable interest.

g in the Gulf of

brief histor

Although most of the likely redfish area

St, Lawrence had been examined by the Investigator I1 during

1947 end 1948, it was not $i1l 1950 that a fine-meshed liner was

used inside the codend of the No. 36 otter trawl net used by this

attern of fishing stations was

e fishing

vessel. In 1553 a regular D

established in the area, and since this time most of th

visited every second year. With the coming

stations have been

of the A. T. Cameron in 1958, the regular Gulf of St.
is ship, end the larger

Lawrence

redfish survey trips have been made by th

Fo. 41.5 otter trawl with a 1ining of 1 1/8" nylon has been used.

The regular pattern of fishing stations consists of siX

g 4.1), and at each area
In the Gulf of 8t. Lawrence

ma jor fishing areas (Fi an attempt is made

to fish a series of standard depths.
depth is 1limited to about 250 fathoms and where,

where the maximum
e of the pottom in the

entre

presumably because of the muddy natur

pelow 200 fathoms, the

of the channels, very few redfish occur
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depths fished in each area were usually 100, 120, 140, 160 and

180 fathons,

k.2 Growth by Petersen's method

Pig. 4.2 shows length-frequencies for redfish from an area in

the Esquiman Channel (Fig. 1.1). These fish and their size

distribution can, for most purposes, be considered as typical of

the whole redfish area of the Gulf of St. Lawrence. It can be
seen that.these length-frequencies are characterised by a constant
peek at about 35 cm for males and 38 cm for females. These

peaks can be recognized in the length-frequencies from different
aréas in the Gulf and in different years. In the early years of
the fishery these peaks, which represent thlie sccumulated stocks

of old fish, were made up of large numbers of fish, but more
recently the numbers of these large fish gaught per unit of effort
has declined, so that in some areas the peaks are only just dis- .
cernible, It should be noted that, although the numbers of: fish
in the 1ength-frequencies-are eXpressed relative to numbers caught
per hour of fishing, the direct comparison of abundance between
different years is only valid for the years 1959, 1960, 1961 and
1962,

In the years previous to 1959 not only was a smaller ship with

.its smaller associated net'used, but the sets were not necessarily
repeated at the same depth and positiomn. Ip 1948 the ship was

on most occasions likely using too little warp for the speed of

tow, and most of the catches probably bear little resemblance to

the true gbundance of redfish. No fine-meshed liner was used

at this time.
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“In addition to the stationary peaks of large fish, other
peaks, which are made up of smaller, more rapidly growing fish,
often occur. These latter peaks may, under suitable circumstances,
be followed till they lose their identity when they merge with the
peak of slower growiné fish above them. In Fig, 4.2 the peak
with males and females at ébout 24f25 cm in 1953 has progressed in
1955 to 28 cm for males and 31 cm for females, and in 1957 both
the sexes have merged with the accumulated stock of old fish and
are probabiy represented only by a bump on the ascending limb of
this peak, |

The fact that such peaks can be distinguished in a pépulation
of fish which has such a slow growth-rate is indicstive of a
rather tragic cirdumsténce, namely that some or very few young
fish have been recruited to the population for several years.

This point is further emphasised in the length distribution of
the fish caught in 1955 and 1957 which indicates, apart from the
small and rather insignificant sign of one at 18-i9 cm in 1957,

a reiative failure of year-classes for some 8 or more years after
the success of the year-class which dominates the group of fish -
Observed at about 25 em in 1953.

Probably the most striking feature of Fig. 4.2 is the
appearance of a new group of fish in 1959. The progression of
this group with modal length of 13 cm in 1959 can be followed
through the years 1959, 1960, 1961 and 1963. This group of fish,
which consists mostly of a single year-class and which was observed
in such numbers in the fall of 1959, was probably three years old
at this time, and by 1963 when it was seven years old it showed
a modal length of 26 cm for males and 28 cm for females. Although

by far the majority of the fish making up the peak between 8 and

g
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16 cm in 1959 were most probably three years old, there were

nevertheless a few 2 and 4 year old fish included.

In 1959 only & of the major survey areas were examined, and

it is interesting to note that in the areas where best catches

of the larger redfish were obtained (Line E) so also were the

best catches of this new group. Furthermore, the mode of this

new group was at 15 cm, and thus 2 cm greater than that oif the

same group from line D in the Esquiman Channel.

It is unfortunate that there are some gaps in the data of

these areas of greater redfish sbundance, Lines L and ¥ - east

(Line B was not examined in 1963, Line ¥ - west in 1961 anéd

Line ¥ - east in 1959 and 1961).

The length frequencies for these three lines are shown in

Fig, 4.3, The dominance and abundance of the new, presumably

7-year-old group of fish and the relative insignificance of the

large fish as shown in the graph for 1963 of Line ¥ - east, and
The

by inference presumably also Line E, is quite impressive.

abundance of this group is further emphassized by the catch obtained

in one set at 155 fathioms on Line I - east in 1963, when in a

30-minute tow, 6560 pounds of redfish were obtained. This weight

vas made up by a total of over 15,000 fish.

Pigs, 4.2 and 4.3 also show how in the four céifferent areas

from which these catches were obtained, although the basic pattern

of year-class survival remains approximately the same, the actual

survival as reflected by abundance does vary considerably from

one locality to another.
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Figure 4,3 Redfish length-frequencies -- Gulf of
St. Lawrence survey lines, E, F-east and F-west,
1959 to 1963. The numbers of unsexed fish have
been halved to allow a direct comparison with the

sexed fish.




This is illustrated by the comparison of the rength-frequencies

from Lines D, ¥ and F-east. "In Area D, and more so with Area k,
the group first occurring in 1953 remains throughout the succeeding
years dominated by a single year-class. Tot so, however, in the
case of Line F, where a more recent year-class, probably two

years younger than the dominant one, has shown considergble strength;

so muck so in fact that the proximity of the two vear-classes may

affect the modes of the curves sO that they may no longer

represent the year-class modes. Thus polymodal curves must be

examined with caution. Although it is still’ rather too early

to say with any certainty, it would seem that the extremely

abundant group at 9 cm from Line D in 1963 occurs in any quantity

only in this area, and in other areas only indications of the

group are to be seen.

A preliminary appraisal of the otoliths from samples obtained

in 1959 from Line D indicates that the majority of fish of the

dominant group at 13 cm were 3 years of age. If this is used

as a bsse and the assumption made +hat the mode represents the

mean of this dominant year-class, it is possible to obtain an
approximate growth curve over the 5 years in question. This has
been done for several areas in the Gulf of St. Lawrence in Fig. bl
re is a composite plot for the Gulf area,

Aiso shown in this figu
ch year have been averaged.
a curve to the

m
where the nodes for ea The curve

e was obtained by fitting

dravm in the figur
1959, 1960 and 1961, an

average modal values of unsexed fish for

oint for 1962 and the mean
e is given below

interpolated p modal length for males

in 1963. The equation for this curv

‘ 1; = 58 Se_e -0.08 (% + o.7)§
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omparison are the observed data points and

Also showvm for ¢
r the growth of the 1953 year-class in Hermitage

fitted'curve fo

Bay (Section 2).
The growth of the 2 year-

classes in the Gulf of St. Lawrence

and tlermitage Bay are rather similar, although the Gulf fish

have continued to grow at their pre-maturity growth rate longer

and have not shown any great tendency, as yet, for the curve to

oach the asymptotic value.

start flattening out as it starts to appr

This is reflected in the very much higher Ly which was obtained

f Hermitage Bay.

from the Gulf fit as compared to that o

4,3 Growth from otoliths

4,31 lNaterials and methods

the research ship Investigator

As has been already mentioned,
1948 and 1949,

$t, Lawrence in 1947,

II had visited the Gulf of

s before the start of any commercial fishery.

in fact, in the year
h collections from these earl
timating the age

y trips were not

Zlthough the otolit

y did provide a means of es

very extensive, the
hen mortality from

the population at a time W
ligible. Thus it was hoped

distribution of

causes other than natural was neg

that, from the ages of these fish caught in pre—commercial days,

ate of the natural mortality

we should be able to obtain an estim

rate of the redfish population.

les of otoliths exanined were

For the sbove reason the samp
arliest years of our

collections.

Fid

initially all taken from the e
les %o defive even an approximate age- 3t

To obtain large enough Semp
a1 samples of otoliths.

ary to combine sever

length key, it was necess
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this an attempt was made %o obviate, as far as possible,

In doing

any effects of difierent growth-rates in different areas of the

Gulf by using only samples from the area of the Esquiman Channel

(preferably Line D). 4As can be seen from Fig. 4,1 this was

not always possible, and the occasional sample from other areas

nas also been included. Because of the complete ..dearth of

small fish in the early years, it was decided that we should

include a more recent sauple containing some small fish. These

would greatly improve the Bertalanffy fit for growth curve

purposes, while for age frequency and mortality rate examinations

they could be ommitted. The age estimations were all made by

E. E. Squires.

h.,32 Growth curves of the adult redfish

The mean lengths of male and female redfish have been plotted

separately for each age group in Fig. b5, The curves represent

the unweighted least squares fit to the smoothed data for even

ages from 12 - L6.

The parsmeters of the CUrves spown in Fig. 4.5 together with

their standard error are shown below:

Parasmeter Males Females
Loo 36 + 13 38.4 + 1.2
X 0.06 + 0.0L4 0.13 = 0.04
t -5+ 18 + bl x 2.0
o —

The rather wide confidence 1imits, particularly” for the

paucity of data for the

males, are largely due to the extreme

younger age-groupS.

T

e
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5 Flemish Cap

5,1 Introduction

The redfish fishery on ¥Flemish Cap is of very recent origin.

Redfish were shown to be present in the area in good commercial

quantities by two cruises of the research vessel Investigator II

in 1949 and 1950 when, during the 1atter cruise, two sets ylelded

catches of 10,200 and %400 pounds per hour. In spite of these
large catches the area was considered to be too remote for

y Canadian otter-trawlers which, during this the

were able to fill up with fish in a

exploitation b

heyday of the virgin fishery,

very short time by fishing the nearer and more accessible areas.

Thus the complete area of Flemish Cap :emained unfished, except

by the Investigator 1T, during the trips mentioned above and

£i1l the latter par® of 1956

subsequent trips in 1953 and 1956,

Mmen the commercial fishery was started by the vanguard of the

U'S.S.l{o i‘leet"
apidly from 5i metric tons in 1956 to a peak

The fishery rose I
almost entirely by

in 1958, when 54,532 metric tons was landed,
vessels of the U.5.S5.1t. fleet. In 1959 the landings remained high
at 52,208 but fell in the following year to only 8,419 metric toms.
Since 1960 the landings nave remained well belov 20,000 metric tons.
hat Flemish

It has been noted by Yempleman and Sandeman (1957) t
Cap is one of the localities in the Northwest atlantic where
12 redfish. As it

h marinus and mentella

catches can consist of bot
was only during the trip to the area in'l956 and during subsequent

ation of the types vwa we have not been

frips that any separ s made,
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Figure 5,1 Growth curves of mentella redfis
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able to use otolith samples collected during the earlier trips to
the area, and have had to be content with samples collecfed in
1956 or later,

Enough specimens of marinus redfish were obtained in the
Flemish Cap area to -.dlow a consideration of the growth-rate of

these fish,as well as that of the more common and deeper living

mentella.

5,2 Growth from otoliths

5,21 liaterial and methods

The fish, the otoli

and growth-rate, were all caught on the northern slope of Flemish
nt in 1956 were taken by the research vessel

d in November 1958 were caught

Cap. The fish caug

Tnvesticator II, while those obtaine

by the A, 1. Cameron. The otoliths obtained from these trips

were from rather small samples of fish brought to the Biological

Station for the purpose of malking a detailed series of body

proportion measurements and meristic counts. Ais can be seen in

y were obtained from a variet
iths obtained it has

the table below, the y of sets and

ause of the low number of otol

depths, and bec
he different depths, and

y to combine the data from t
rip to the area in 1958,

been necessar

to include data obtained in a later %

Tn sddition to the samples beins rather unsatisfactory

at unsatisfactory because they

numerically they are also somewh
only at each length group of 5 cm

vere selected to provide fish
“of courses affect the

or multiple thereof. Although this will,

+hs of which were used in this study of age
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Type Date Depth Number of fish
(fms) Males Temales

lentella July 1956 150 8 10

200 8 5

250 17 14

300 8 15

Novembe; 1958 250 12 18

53 62

Harinus July 1956 150 13 32

200 V 2 2

November 1558 150 1L 22

| 250 & 1

33 57

Sources of data used in age determinations from Flemish Cap Area.

caloulation of mean length at age, 1% is considered that the

data are adequate for providing at least a preliminary.examination

of growth-rate.

The processing of the data from the fish and the otoliths

remained as described ipn section L.k,

5.22 Growth curves of adult redfish = mentella

e been calculated and are

The mean lengths at each age hav

arately in Fig&.

displayed for males and females sSepa 5,1, Also
squares Bertalanffy curves.

shown- in this figure are the least sSqU
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fitted to the smoothed data for even ages from 4 to 30 for males
end 6 to 40 for females, The parameters of the Bertalanfiy

curves, together with their 95% confidence limits, are tabulated

below.
Males Females
Loo b+ 1.2 38.5 + 1.4
X 0.17 + 0.05 0.15 + 0,06
tg 0,1 + 1.2 0.6 + 2.5

5.23 Growth curves of sdult redfish - marinus—type.

The mean lengths at each age have been calculated and are
Also

displayed for males and females separately in Fig. 5.2.

shovm in this figure are the least squares Bertalanffy curves

fitted to the smoothed data for even ages from 6 to 34 for males

and 6 to 4O for females. The parameters of these fitted

. . o . 7
Bertalanffy curves, together with an indication of their 95%

confidence limits, are tabulated below.

Males Females
Loo b5 + 1k 47,8 + 1.4
K 0,07 + 0.10 0.13 + 0.03
' 109 i 1'3




6. Hemilton Inlet Bank

6,1 Material and methods

The otoliths examined from the area of Hamilton Inlet

Bank were all taken from fish caught by the research ship

A, T, Cameron in August 1960. Fishing was carried out on a

e northern part of Hamilton Inlet

1ine across the slope at th

Bank (Fig 1.1), vher

300 and 400 fathoms yielded catches of mentella red
studies., In the set

fish from

which were obtained samples for otolith

at 150 fathoms and in one at 140 fathoms, merinus were obtained.

the mumbers of fish of each type yielding otoliths and other

data suitable for growth studies, and the depths from which

these were obtained, are listed below,

marinus

Depth mentella marinus
(fms)  males females males females
140 . - - L7 19
150 7 9 I 48
175 61 w7 - -
200. 76 37 - -
250 5k 5k - -
300 | 61 - b1 - -
400 b : 11 - -

Total 263 199 81 67

Age determinations were 511 by E. Squires.

e sets made at depths of 150, 175, 200, 250,

S,

LR R

e AR e S R e PRy

L e s
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6.2 Growth curves of mentella redfish

Growth curves for male and female redfish of this Hamilton
Inlet Bank area (all depths combined) are shown in Fig. 6.1.

The data points indicate the mean ages for each length group,
and the curves shown are the least squares Bertalanfiy curvesl

fitted to the smoothed mean length data for even ages 6 to 38 for

meles, and 8 to L0 for females.

The parameters of the Bertalantfy equations end their stardard

errors are shown below.

%é 5 Parameter Males ‘ Females
R , Lo 38.5 + 1.0 Li,§ + 2.1
%_ K 0,16 + 0.05 0.11 + 0.0k
o tg - 0.1 + L6 0.0 £ 3.1

When the curves are compared with the data points from which

they are derived, it can be seen that they do not seem to fit the

so for the males, where

cl

data very well., This is particularly
1ine and ages 10,

ages 7, 8, 9 and 10 lie well below the fitted
211 of which would indicate

17, 18, 19, 20 and 21 lie above it,

e curve. As vie have combined

e R R

a steeper slope at this section of th
it is proper that any

the data from such widely different depths,

possible differences in growth with depth should be examined.

pth, the pumbers of fish
ovidec ve recognise

T h we
Unfortunately, for each de for which

have age data are rather smgll; however, P¥

this limitation, we can derive individual Bertaienfiy

each depth.
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6,21 Growih curves and cepth - males
ence in growth irom depth to depth,

In examining the giffer

athoms have been included with those

age data from 150 I
arly: the data for Lo Tathoms with
£ four difi-

the few

for 175

those for 300 fathous.
175, 200, 250 and 300 fathoms.

fathoms and simil
We now have the equivalent o

erent depth levels, Rertalenfly

curves nave oeen fitted to the unsmoothed 1ean length at age
deta for each of these depths between the greatest range of ages

mean lengths for consecutive ages. These were:

for which we have

175 F 6 +to 22 years
200 F 10 %o 27 yeaXs
250 F 9 to 20 yeaIs
300 F 13 to 25 years

¥rom this figure i%
5 and 200

2]
Ty X

re shown in Fig. 6
terns of the fish from 17
the shallower

Thege curves &
vould seem that the growth pat
at these fish from

ather similer, and th
rom the deepel

fathoms are T
on those obtained f

depth ranges differ somewhat fT

zones.,
A perusal of the 1ength—frequenoy distribution of the catches
at the different depths shows 2 general trend of increase in
This trend, which may

pth (Fig.6.3).
wfoundland area,
y lacking from

size with increase in de
alities in the Ne
fish are completel
the hypothesis that

together

be seen in many loc¢

with the fact thet the smaller

pths, leads quit
er as they &T0

e naturally o

w larger and presumably

the greater de
the fish gradually move deep

older.
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Eowever, when the age frequency distribution (Fig, 6.4) of the

catcnes at the different depths is exsmined, we can see that this

is not the whole story. 1t is clear that most of the oldest
rish in the catches occured in cepths of 175 and 200 fathoms,

whereas the largest fish occurred in greatest numbers in the

deepest set, et 300 fathoms.

Fig. 6.5 presents the same age frequency data in a different

way, and suggests that although the krypothesis above might well

be correct between the deptibs of 175 and 200 fathoms, and also

between 250 fathoms and 300 fathoms, there appears to be a bagsic

difference between the deeper and shallower depths vith a
Giviging line between 200 and 250 fathoms.

Thus it seems correct %o combine the data from the depths of

175 and 200 fathoms for comparison'against the combined data

from 250 and 300 fathoms. . This has beed done, and the growth

. . / I .
curves for the combined data are shown in Fig. 6.6. These

d to the unszioothed data from ages

Bertalanf{y curves were fitte
10 to 22 in each case.

wn in Fig. 6.L4, 6.5 ap
edfish whiclh, although

‘“he results sho @ 6.6 suggest that we

have here two separate populetions of r
allow water population of young

they originate from the seme sh

from each other at an age of sbout

fish, have become separated
1 £ -G 'OV ing fish
10 - 12 years to form a challow water stock O sLow-growing

of fast-grovwing fish.
+ these two depth
Although

Purther evidence

and a deep-water stock
levels

of the separate identity of the stocks &

¢ and ages of first paturity.
ather small reletl

ure fish 0

is provided by the sizé
yve 1O the

the numbers of immature fish are T
fricient immat

numbers of mature fish, there are Su

demonstrate this point.

7 2353

o

Cromitg

edly

./(-
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whereas in the 175 end 200 fathom levels mature fish were more

abundant then immature fish &% lengths of 25 cm and greater, in
ihe 250 - 350 fathom levels mature fish only outnumbered immature
fisk at lengths of 33 cm and greater. With regard to age, a2t the

shellower depths mature Ifish outnumbered the immature fish at

all sges encountered in the catch, (age 6 onwards) whereas in the

deeper sets the mature fisk did not outnumber the immature fish

till sbout eze 12.

It pight be noted that although the liypoihesis above suggests

the existence of two stocks of redfish hsving different growth

ané maturity characteristics, these stocks need not remain separate

et 211 stages of their annual cycle. The hypothesis, based as

it is on growth ané differences in growth-rate, requires a

separate identity to the stocks only duriig 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,

end presumably also active feeding, are not taking place.

€.22 Growth curves and depth — females

Yhen the data for the female redfish &re trested in the same

rtalanffy curves fitted between

way as for the males above, ancé be

the following ages:

175 F 7 =20

200 F 10 - 20

250 F 11 -21
300 F 1k - 26

are obtained.

6.7

the curves shown in Fig.
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Although e difference in growth between the deeper and shallower

ceucht fish can be seen in this figure, the hints of a clear-cut

paration between Ilsh of the two depth zones that were apparent

when the growth patterps of the meles were being considered,

cannot be es clearly recognised. Lowever, exanination of the

length-frequencies (Flg 6.3) together with the age-frequencies

(Fig 6.8), end partlcularly the maturity structure of the fish

cau;ht at the dlflerent depthbs, indicates that a similer separation

of the females into two populatlons having differing growth

as it did for the males.
n 175 and 200 fathoms have been

The

cheracteristics exlsts,

Consequently the date fro
also. those for 250 end 300 fathonms.

combined as have
ones are shown in Fig 6.9.

Bertalenfiy curves for these two depth 2
e fltted to the unsmoothed data for

these were

The Bertalanffy curves wer
e ages at each aepth zone;

all available consecutlv
e and 11 to 22 years for

7 to 20 years for the shallower ‘depth zon
although they may grow

rlier years of 1life in the shallower

y will not be as

the deeper. Figure 6.9 indicates that,

to greater sizes during the ea

depths, if the fish remain in these depths the)
:ges as they would if

likely to grow as fast or attain such si

they

zoved to the zone of greater depth.

6.23 Differences in growih-rzig with depth.
6.6 and 6.9, some idea

wn in Fign
Les at

From the growth curves sho
owth-rates prevailing in the catc

can be obtained of the &r
tive rates of de

ones and their respec

crease.

the two depih 2
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(The latter is represented by the parameter of the Bertalanffy

equation K, and the former by the slope of the growth curve at

each point along it). However, if it is only growth-rate that is

being considered, the direct comparison of the different growth-

rates can most easily be accomplished graphically by the plot of

instantaneous growth-rate sgainst either fish length or time (age).

This has been done to compare the growth-rates at the two depth

sones for males and females separately in Tig. 6.,10. 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

reasonzble expectations of growth, and provided other things
remain equal, maximum growth—rates will be obtained if the males
ow to deep water at gbout their llth year and

migrate from shall

females at about their 9th,

1f we accept a difference in growth-rate between the deep and

shallow depth zones it is of interest to examine briefly what

TR IR ...‘
A8 A e T T I

RN

might cause such a difference. In general this difference might LR
pes of causes. The ‘ ;; i i
ctors of the fish themselves, and the other f%ﬁ é

be due to either or both of two basic t¥

one consisting of fa

of factors stemming from the environment.

shes, we have already

Concerning the physiology of the fi
n features indicating th
h zones was that of naturity.

e differences

noted that one of the mal

in growth pattern between the dept

In particular it was noted that the 2€° of first naturity was
eeper ZOne, go much s0 in the females

considerably delayed in the d
nd in depths of 300 f

e fish were fou

) athoms
in fact that no matur

or deeper.
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1t would thus seem possible that the change in growth-rate
apparent between the two zones is not so much an increase in
crowth-rate as the fish change from one form of Bertalanfiy
growth to another, but rather a decrease in growth-rate in the
shallow zone caused by the larger and olcer fish attaining
naturity, and devoting much of their growth energy to the
exigencies of reproduction, while their relations, who emigrated
to ihe deeper zone, continue to live and grow as cdolescents.

sowever, much as this is an attractive hypothesis, it is evident

from the maturity pattern of the males that, in spite of maturity

being attained in the deeper water, growth continued at the

fast rate that prevailed before naturity.

An enviromnmental factor which Las a very close relationship

vith metabolism and growth is that of temperature. Lhe prevailing
in these waters of 175 fathoms or deeper,

and indeed 2lso from year

temperatures howeveT,

remain very stable from depth to depth,

to year, and thus could not really be expected to affect the

growth-rate. It is possible however that the closer proximity of

the cold water layers to the shallowel depth zone could 1imit the

foraging area, and that the pelagic feeding habits of these fish
have not the scope and range:that is available to the fish from

the deeper zone.

The most likely cause of the faster growth-rete in deep-

water is probably to be found in the interplay of environment and

rs in the process of feeding. liere,

fish physiology that occu
unfortunately, we pave but very little datas and until hT HeeS
has finalised his studies on 4he -food and feeding of redfish we
can add nothing constructive to the problem, apart from quoting




the generalisation that with increase in depth redfish tend to

eat more and more fish as opposed to the smeller invertebrates

water. (Rees, FS. 1962.)

vhich make up their diet in shallow

6.3 Growth-curves of parinus redfish

b '.I'.j.

Although the numbers of specimens of fish yielding otoliths

tudies were rather small, growth curves have

rg 67 female

for age and growth s

been fitted to the age estimates of the 81 male 2

marinus redfish. The mean ages at each length ané the fitted

Bertalanffy curves are shown in Figure 6,11. The curves were
srom 18 to k2 for both

fitted to the smoothed means of even ages

males and females.

andard errors are shown below,.

The parameters and thelr st

5¢
3 }ales Females
5%
# Loo 55 + 9 60 + 6
K 0.05 + 0.06 0,10 + 0.12
t, -9+ 1k b+ 18

ee fish with ages less than

It is to be noted that only thr

18 years occurred in our random sanple.

oy -1




LENGTH (CM)

-
i

T

3
[

L2001 2 o e L L L L L L N L L LN L LA L IR B L B
MARINUS REDFISH
ALL DEPTHS COMBINED

MALES ~—
FEMALES ———<—

|||1l1||l|l||||||x||||
3435334042444648

I l L l Il L | L | ] l 1 I 1 I ] l L
6 8 1012 14 16 18 20 22 24 26 28 30 32
AGE (YEARS)

HANILTON INLET BANK,

GROWTH CURVES OF MABUUS RSDFISH -=

EIUEE 6.0




TR S TR+ S gak L B AT | S T e,

=111~

7. Comparison of growth-rates of redfish in the hewfoundland area

- 51 John's data

In the previous Sections 2 to 6, growil: curves have been
presented showing the growth petterns of redfish in 5 different
areas around Newfoundland, 1% is now necessary to compare these

growth curves and %o examine how and, if possible, why the growth-

rates vary from locality to locality. Before doing this, some

attention should be devoted to differences in growth that are

apparent between the sexes.

es and females

7.1 Differences in growth—rate between mal

7.11 Kentella redfish )

In 211 the growth curves. presented in Sectio
rence ih growth pattern

ns 2 to 6 of this

paper, it is apparent that a striking diffe
exists between the sexes. Tne growth of the females is nearly
always greater than that of the males, and at any of tie later ages

the females are on the average Very much larger than the males.

L perusal of the parameters of the £itted Bertelanffy curves

(Tgble I) in conjunction with the 95 confidence 1imits indicates

of the sexes lies not

that the wain difference between the growtk
' Here, it may be

s0 much with the parameter K, put with Lgoe
observed that in the areaé of Lermitege Bay, Flemish Cap and
for the males

Hamilton Inlet Bank the confidence 1imits of Loo

- gnd this indicates that the differences

and females do not overlap,

areas of the Gulf of St. Lavrence

are likely to be real. In the
en the Lgo Values

the difference betwe

and Southwest Grand Banlk,
and we cannot

for the males ané femeles ig less than 3 cm,




Hermitage Ba
Males ¥

Females ¥

Southwest
_Grand Bank

Gulf of

St. Lawrence
Males *

Females *

Flemish Ca
les *

Females *

Hamilton

175#200 F,
Males
Females

2504300 F,
Males
Females

Flemish €
Males *

Females ¥

Hamilton -
Inlet Bank
11es
Females *
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Tgple I

Mentella redfish

Loo

0.028  35.2 1.0
0.019 33.7 0.9

0.05 33" 6
0,04 30.6 2
0007 3303 20
0.0 36 13
0.04 38.4 1.2
0.05 4.4 1.2
0.06 38.5 luk
0.05 38,5 1.0
0.0 hh,S 2.1

36.5

L1.5

93

52

Marinus redfish

0.10 L5 1L
0.03 k7.8 Lok

OO

0.06 59
0.12 60

* denoteé when fit was made to smogthed dat

Table I, Summary table showing the Bertalanffy

their standard errors.

o]
-0.3 1.6
0.2 1.0
-20° 6
-007 300
-17 5
=1 5
-5 18
h. 2.0
o.l 1.
0,6 2
;O.l 1.6
000 3.1
2
2
-1l
1
-5 8
109 103
- 1L
T

a for even years.

parameters and

Fitted
years

6 40
6 40

080 | o

12
12

18
1¢
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consider purely on the basis of the parameters and their confidence

limits that the parameters are different. However, it is to

be noted that in both these sreas the growth curves of the males
are rather aberrant, -and in each we have a rather large negative
ty value. This results in a very much lower than usual K value
and a slightly higher value for Lg,.

The difference between the actual growth-rates of the males

+
.
5
E
:
W
7
]
b
4
1

and females can be better seen in Fig. 7}1. In this figure the
plot of growth-rate against age is shown for males and females

in each of the 5 areas examined. It is quite clear that in
Hermitage Bay, Hamilton Inlet Bank and Plemish Cap the growth-
rate of the femesles at all ages, is greater than that of the males.

In the Gulf of St. Lawrence and on the soutiwest slope oif the

Grand Bank the females are faster growing than the males to an

age of about 24-25 years, and after this the males grow faster

than the females.
It seems likely that the difference in growth-rate between

males and females is due not so much to the environment, but to

the behaviour and physiology of the fish. the fact that the

}
nales mature at considersbly smaller sizes and ages then do the 1 !

females (in Hermitage Bay on the average, males mature at about

20 cm at which time they are about 6 years old, whereas females

suggests that the ?f.
nales will start earlier to divert energy to reproduction, with cE

the probable result that less emergy is available for growth.

neture at about 30 cm or 10 o 12 years of age),

The fact also that the reproductive scason for the males coincides

: . hown
with the latter part of the season of createst growth (as s
s ns that
in the curve of seasonal growth - Fig. 2.6), probably mea

. males.
the growth season is shortened 1n effect for the mature
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Rees (MS, 1962) presents some evidence to show that in the

the redfish feed most heavily in May and June,

Hermitage Bay area,
r when their

and then gradually reduce their feeding i1l Hovembe
migration out of the area is usuglly well underway. The larger
ow a rather dramatic drop in feeding during July - August,

nales sh
mber their feeding once again becomes

and after this in Septe

during July - August coincides

Leavier. The reduction in feeding

with the pre-copulatory maturation phase: of the males.

3

7.12 I
The difference in growth pattern be

qarinus redfish
tween the sexes of

es that observed for the mentella of the

marinus redfish resembl
The males

Southwest Grand Bank and the Gulf of St., Lawrence.

as and the marinus nales from both Flemish Cap

in these two afe
growth patt

and Hamilton Inlet Bank show Bertalanfiy erns involving
fairly high.to velues and low values for k. Lhe differences in

n the males and females,
1t is apparent that

growth-rates betwee as well as between

the two areas, cen be seen in Pig. 7.2.
th-rates than the

areas the females show higher grow

, after abo

in both these
ut age 21 at

years but

males during the younger
on Inlet Bank,

Flemish Cap and age 33 at Hamilt the males exhibit
(It should be moted the

¢ scale of the ordinat
rowth—rates

ate values aTe expanded.) I
a4

al
gse plots of 3%
e distorts the

t in th

faster growth.
against t, the logarithmi
f the growth—rate, an

appearance 0
as the lowerT growt

are compressed where h-T
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7.2 Comparison of the srowth-rates

7.21 General considerations

several different methods exist by which we might compare
the growth of fish from a variety of sreas. To show the

different growth patterns by means of growth curves is uéefﬁl,

and from these curves the average lengths, at any age for any of

the fish stocks being examined, cen easily be seen and compared

with those from other areas.
If the growth curves can be adequately described by the

substitution of different paraneters in a growth equation, then

a comparison of these parameters iight provide a satisfactory

means of comparing growth. i very simple example can be seen

in the case of linear growth when length (14) is related ta

age () by a simple straight line relationship

l.t=mt+c
where "m" is the rate of growth and "c" the length et zero age.

The comparison of vealues of "m" and "c" from different areas

would, with this type of growth, provide s very convenient means,

not only of comparing the growih between differgnt areas, out

o why these different growth

also of providing possible clues as t

patterns exist.
scribe agequately

has beell found to de

The Bertalanffy equation
‘ and several authors

gpecies of fish,

the growth pattern of meny
. ers of this equation

ations of the parame’d

have examined the rel
atal factors (in P

’ . ; articular
to each other and to various environme

Beverton and Holt, 19593 TayloT, 1958, 1959 and 1960)«
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0f the relations between the parameters themselves, K and Lgo

have been found and, indeed,according to Knight (M.S. 1962),'may

a priori be expected to show an inverse correlation with each
other. When %, has values which depart from zero, it will likely
2150 be inversely correlated with K.

Concerning the possible relation between the Bertalanffy
perameters and factors of the enviromment, and the possibility of
using these parsmeters for comparing the growth patterns of fish
from different areas, the whole matier is rather confused, luch
of the confusion arises because the simple relationships between
the'parameters of the Bertalanffy growth equation and metabolism

do not appear to be as simple as they first seemed.

Beverton and Holt (1957) reason that growth depends primarily
n the

on the food supply, vhich in turn is closely dependent o

population dénsity. Because they are considering the subject

from the point of view of population dynamics and the influence

change in population den51ty might have on growth, they consider

that changes in population density will be large and, with 2

linited food supply, it is likely that the affect. of population

density on growth will outweigh that of all other factors. Thus o

they argue that K, which on theoretical grounds is independent of f?v

and that changes in g

food consumption, will remain constant,

esented by variations in Wy, OT Lo

growth-rate may be repr
smined the growth of cod,

Taylor (1958, 1959 and 1960) ex

the Pacific cockle end the Pacific razor clam and found that K

was positively correlated with temperature in each of these spe01e§.?
Holt (1959) discusséd this relationship between K and temperature,

at whlle K would be

and from a theoretical standpoint showed th
arithmically with temperatu

' re, Loo would
expected to increase log y YO




be expected to decredse rather slowly over the ssme range of
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increase in tempeératuré.

Beverton and Holt (1959) state that the asymptotic size (Loo)

can be greatly modified by the supply of food available, but

that this does not affect the parameter K.

Kinne (1960) examined the growth of Cyprinodon meculsrius at

five levels of constant temperature, snd it would appeér from these

data that not only does K increase with increasing temperature

(Taylor 1962) but so also does Lpge

May, Pinhorn, Wells and Fleming (IS, 1964) found that the

Bertalanffy parameters describing the growth of cod from various

areas around Newfoundland did not follow the expected pattern and,

whereas Taylor (1958) had described an increase in E with increase

in temperature for cod over the general area of the Northeast

Atlantic, these authors showed a decrease in K with decrease in

latitude (the latter they regard equivalent to an increase in

temperature) for the seme species of fish over a large area of

the Northwest Atlantic.

From the few authors referred to above it woul

d

(a) K is constant

(v).

(c)

Loo is sensitive to changes in growth-rate

(Beverton and Holt 1957) (Theoretical).
K increases as temperature increases
(Taylor 1958, 1959 and 1960)

K increases as temperature increases

L,o decreases as temperature increases but

(Theoretical) (Holt 1959)

seem that
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(d) K increases as temperature increases) (Experimental)

Loo increases as temperature increases)Kinne (1960)

May et al,

(e) X decresses as température increases i
(MS, 196L)

Loo increases as temperature increases

From the above considerations, one might suspect that the
physiological attributes which make the Bertalanffy growth
equation so attractive in bridging the gap between growth and
metabolism are not as well established or understood as they
might be. It seems preferable to avoid, for the time being at
any rate, any possible physiological connotation which might
be placed on"the parameters of the Bertalanffy growth- -equation,
and to treat this equation in a purely empirical manner. The
equation provides a very good fit to the age at length data for
redfish, as well as a convenient mathematical summary from which
age and length values and growth-rates can be extracted with ease
by simple calcuiation. A

In the discussion above, it also seems clear that attempts
at correlating X or Lg, with environmental factors do not

necessarily lead to meaningful correlations between growth and

the environment. This is possibly in part due to the over-riding

importance that food is likely to have in affecting growth, for it

would seem that the relative abundance or sbsence of food must

dominate other environmental factors such as tempereture (Brown,

1957); end in part due to the nature of the perameters themselves.

As mentioned previously in Section 1, there is 1o parameter of i
growth-rate in the Bertalanffiy equation and if growth in different § 

populations is to be compared, it is really the growth-rate and

. b
how this varies from age to age in the different areas that must be
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examined. Gfowth—rate in Bertalanffy type growth is a function
which varies linearly with length and linearly with the
logarithm of age. The slope of ‘this line is in each case K and
the intercept KLyo, oT a simple modification of this value. Thus
the growth-rate at any age or length is determined by both K and
Loo. The parameter K does not, as is often inferred, directly
represent growth-rate but the change in growth-rate per unit
change in length (its dimensions are ag§1~ ané not 1ength.ag; )
In considering the éifferences in growth-patterns between
areas, it has thus been considered best to limit discussion to a

consideration of how the growth-rates vary from area to area, and

to consider only very briefly the possible correlations between

Bertalanffy parameters and the environment.

7.22 Growth-rates of mentella redfish

7.221 Males

The Bertalanffy growth curves of male redfish from thre 5 areas

around Newfoundland reported here are plotted on the same

coordinate syétem'in Fig, 7.3, The parameters of these curves

are shown in Table I.
these growth curves, it should perhaps be
h Cap and

In considering
recapitulated that the growth curves shown for Flewis

Hamilton Inlet Bank represent the data from several widely

while the curves for the Southwe
s than 110 fathoms

separated depths, st Grand Bank

fish obteined in depths of les
f St, Lawrence from

are derived from

and those from Hermitage Bay and the Gulf o

140 and 129 - 142 fathoms respectivelyf
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From Fig. 7.3 (a), it seems likely that the male mentella
of Hamilton Inlet Bank have a much faster growth-rate, and those
of the southwest slope of the Grand Bank a slower growth-rate than
the other areas. This is confirmed when the growth-rates are
compared by length (Fig.7.4(a)). It is evident that until about
a length of 32 cm, the growth-rates at any length are in the ofder
of highest to lowest, Hamilton Inlet Bank, Flemish Cap, Hermitage
Bay, Gult of St. Lawrence and Southwest Grand Bank., However,
when the growth-rates are compared in terms'of age (Fig,7.5) we
find that Hemilton Inlet Bank fish have fastest growth to about
the age of 10, but at greater ages the fish from Hermitage Bay
may be seen to be growing faster and, after the age of'about 15
the fish of the Gulf of St. Lawrence lead the field. Apart
from the Southwest Grand Bank fish, after about age 12 those from
Flemish Cap show the slowest growth. .

rtalanffy parameters and their 95%

An examination of the Be
by K and $, for

confidence limits indicates a complete overlap
for Southwest Grand Bank and Gulf of St.
Hamilton Inlet Eank can be

all areas, and L,,

Lawrence with the other areas.

considered different from Hermitage Bay and Flemish Cap in the

maximum length to which fish from these areas may attain.
7.222 Females

The area differences in growth pattern
r closely those of the males (Pig. 7.3b).
ng to the ages for which we have fi

for female mentella

Over the

parallel rathe
range of lengths correspondi tted

there are, relative to length,

the Bertalanffy curves, (Fig.7.% ),
gmilton Inlet Bank,

3 mein groups of growth-rate; the fish from E

which show a fast growth-rate, and those from Hermitag

RN TS G B S X e T .
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e Bay and the
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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. Cutting across the fast ané medium growing fish

are those from Flemish Cap.

When the growth-rate is considered with respect to age
(Fig. 7.6), the Gulf of g+, Lawrence fish may be seen growing
fastest till about the age of 28, and apart from these fish,

Hamilton Inlet Bank fish grow fastest followed closely by those

from Eermitage Bay.

An examination of the Bertalanffy parameters and their 95%

confidence‘limifs shows that the K and 1o may overlap from all

areas, but that Lgo provides 2 1ikely separation of three differ-

ing growth patterns: . Hamilton Inlet Bank having a high Loos

Flemish Cap, Germitage Bay and the Gulf of St. Lawrence having

he Grand Bank having

a medium Lgo; and the southwest slope of ¥

a low value for oo

7.23 Growth-rates of marinu§~redfish

ere available from only two areas, the

As marinus redfish w
difference between the sexes is here considered as well and the

growth curves shown in ¥ig, 7.7. The nigher growth-rates

for the Hamilton Inlet Bank area that we must suspect from this
figure are confirmed, {or the ages from which we have obtained the
fitted curves, in Fig. 7.2, which shows that the growth—rates at
each age are greater for both males and females in the Hamilton

Inlet Bank area than they are gt Flemish Cap.
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8, Comparison of redfish growth curves as derived by

different suthors.

8.1 North American mentella redfish

8,11 General

Very little age-length date has been published for redfish
of the ICNAY Area. ©Some data is available from the ICHAF
Sampling Year Book but only from Russian sources and, apart from
data gathered in 1961, this is suﬁmarised in a paper by Surkova

(1962) .

Perlmutter and Clarke (1949) were concerned primarily with

imnature redfish ard, because much of their markét sampling was
aimed at these smaller fish, the values for mean length at age

for the older fish in their samples are 1ikely to be hiased,

with lower mean lengths and a flatter growth curve resulting.

Kelly and Wolf (1959) show
Gulf of liaine for the years 1951, 1952 and 1953.

growth curves of redfish from the

Kelly and

the rather uncertain taxonomic position of B

Wolf, while recognising
class the Gulf of Maine redfish,

the North American form of redfish,

as Sebastes marinus marinus. It is the

in their final table,
the Gulf of

author's opinion and that of Pempleman (1959) that

Haine redfish belong %o the common North American gggjg;lg-type.

Canadian and United States length neasurements are made to
m the anterioT tip of the lover Jjav,

the nearest centimetre, ITO
ne mid-fork of the ceudal fin.

with the mouth closed, to the end of t
were of total length (to the

The Rugsian measurements, however,
' also made

tip of the caudal fin - Surkova, 1962) and presumably

to the nearest centimetre.
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(This does not seem to De stated anywhere, but Baranenkova (1957)
shows a table of lengths from which one could infer that the
measurements were to the nearest centimetre). Because of this
difference in the basic dimension measured, we can expect that

ihe Russian measurements will be larger than those of the United
$tates and Canada. The gifference will increase with size of fish
and, according to Templeman (1959), should be about 1 fo 1% cm for

redfish in the 30 to 40 cm length range.
The metbod of age estimation elso differs between the

United States and Canada’ on the one hand, whose biologists use

otoliths, and Eussian biologists who rely almost entirely on

scales. 1In many species of fish it has been found that, although

sceles and otoliths agree and provide good age estimates for the

e older fish which are forming very little new

scale $issueignnua11y, it becomes Vvery gifficult to distinguish

younger fish, for th

between the winter and summer growth zones. Pris often results

in an underestimation of the age of old fisk by the scale metkod,

as compared to the otolith method.

ank - ICKAE Divigion 2d.

8.12 hamllton Inlet Bank

From the ICHAF Division J (Fig. 1.1) we have aata from
Surkova (1962), and this may pe compered with our asta for

6, this paper) .
ge data for fish collected

Hamilton Inlet Bank (section Presented in

Fig. 8.1 are Surkova's meal length at 2

in 1967 and 1958. H1s 1957 data are based on one rather snall
sample of fish tgken in the same area as was our own, while the
most of which were obtained

1958 data are from several samples

in the southern part of the ICHAF Division 2d.
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When these dafé ﬁbints are compared with our fitied curves for
the Lamilton Inlet Bank line, and allowance is made for the fsct
that the mean lengtlis of Surkova's data will be about one cm higher,
it can be seen that, apart from the few very lazrge meles, the
agreement between the growth curves is quite close.

Yhy the large males in Surkova's data should diverge so
greatly from the general trend is not known. fhis could be due
to the fact that scales have been used to obtzin the age estimates,
or alternatively to the mixing of some fish from the deeper

fast-growing population with samples obtained mainly from shallower

water.

8.13 Ilemigh Cap ICNAF Division 3M.

Surkova (1962) has presented age at length data for this
ICNAF Division for the yeers 1956 to 1960. Surkova's mean
length at asge data for the years 1956 and 1959, the years from

which our samples were obtained from the area of Flemish Cap,

have been plotted in ¥ig. 8.2.  Also shown in this figure are

the Bertalanffy curves fitted to our own data (Section 5, this
paper), and fitted to Surkova's data combined ané¢ aversged over

the five years (unweighted).

The 2 sets of curves are widely different, vith Surkova's

data showing by far the faster growtk-rate.

8.14" Southwest Grand Bank - ICNAF Division 30

Snown in Fig. .8.3 are Surkova's mean length at age values for

| mentélla redfish from ICNAF Division 30 in 1960 and ihke
Bertalsnffy curves fitted to our data from tke southwest slope

of the Grand Bank (Section 3, this paper). In comparing these

=

R

S Lo




LENGTH (CM)

30

30

20

FEMALES

O MEAN LENGTHS AT AGE—1956
X MEAN LENGTHS AT AGE—I959 3SURKQVA (1962

——— FLEMISH CAP (SANDEMAN §,THIS PAPER)
=== FITTED CURVE {SURKOVA'S DATA-ALL YEARS |
COMBINED)

Y A N DR N S W | 11 1
14 16 18 20 22 24 26 28 30 32 34 36
' AGE (YEARS)

[ I | |
0 2 4 6 8 10 12

SURDVA'B (1962) DATA FROM ICHAF DIVIBIOI‘ 3N AND

THE COMPLETE DATA FOR
(8EOTION 5, THIB PAPER) - MENZRLIA.

GROVH OURVES FOR FLEMISH OAP




-
(3.}

LENGTH (CM)

(7]
o
1

20

FEMALES

e  MEAN LENGTHS AT AGE — 1960 (SURKOVA,
1962)

. SOUTHWEST GRAND BANK (SANDEMAN,
THIS PAPER)

o 2 4 6 8 10

THIS PAPER) - MENIELLA.

12 14 16 18 20 22 24 26 28 30 32 34 36
AGE (YEARS)

;
FIGUEE B.3  MEAN LENOTH AT AGE VALUES FOR SURKOVA'S (1962) DATA FRON
IONAP DIVISION 30 AND GROWTH CURVES FOR SOUTHWEST GRAND BANK (SEOTION 3,




-135-

curves, it mey be ncted that agreement fbr the females is
considerably closer than it was for the Flemish Cap area, and
that the separation between the corresponding length at age values
are about 2 cm for the youﬁger fish and 3 cm for the older fish.
The difference between the age at length velues for the
males is exaggerated by the ?ery flat curve that botﬁ Squires

and Sandeman obtained for thé male fish in the shallow water of

the area in 1947.

8.15 Hermitage Bay - ICNAF Division 3%

Figure 8.4 shovs Surkova's 1960 data for ICNAY Division
3P and the fitted Bertalanffy curves for our data'from 3P
(Hermitage Bay, Section 2, this paper). Once agein Surkova's

growth-rates are considerably faster.

8.16 Gulf of St. Lawrence

Steele (1957) has shown the results of age estimations from

the otoliths of a small sample of 101 redfish taken in the Gulf of

St. Lawrence. These results and the fitted Bertalanfiy curves

for our data from the area (Section 4, this paper,) are shown

The difference between age estimates is very

in Fig., 8.5.
in the basic method

greét indeed, and is likely due to differences

of age reading.

8.17 Gulf of Maine

Bertalanffy growth curves have been fitted for male and

f Kelly and iolf (1959) for all

female redfish from the data o
e in 1951, 1952 and 1953.

samples collected in the Gulf of HMain

i
|
|
4
1
{
:
i
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The curves were fitted to the unsmoothed length 2t age data
for»ages 1 to 18, for both males and females. These curves,
together with the mean length et age values to which they were
fitted, are shown in Fig., 8.6, It is unfortunate that we have
no age estimations for this area, but included in the figure are
our Bertalanfiy curves for Hermitage Bay. It is evident, ﬁoth
from the paremeters of the fitted curves (below) and the

curves themselves, that differences are not very great.

Gulf of Haine Hermitage Bay
Males Females Hales Pemales
Loo 33.4 L3 13542 39.7
K 0.13 0.09 0.12 0.11
to - 0.5 - 0.6 - 0.3 0.3

The curves for the males are practically coincident to an age

of about 14 years, and after this the slightly higher value of

Loo for the Hermitage Bay curve exerts its influence, and causes

The curves for the females do

but the

the curves to gradusglly diverge.
not appear quite s0 similar s do those of the males,

difference in mean length at each age is still less than 1.5 cn

up to the age of 18, the largest age to which the curve was

f Hamilton

fitted. The Bertalanffy curve for the females 0

Inlet Bank (Section 6, t and this

his paper) is also shown,

provides an idea of how the curve for the data of Kelly and Wolfl

e to the curves we have dexived fgr various areas

lies relativ

around Kewloundland.
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In comparing the growth curves of Surkova with those of
bamdeman, it seems most unlikely that the dlfferences, which are ;{a
so evident, could have been caused by between sample differences i

such as might exist due to the samples being obtained in diverse

depths or 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. :
Considersble effort has been spent in comparisons between : 3

the scale ages and otolith ages of many different species of :
I

fish, and the consensus of recent. opinion has been overwhelmingly

in favour of the use of otoliths for older fish.

Kohler, Templeman, Clark and Jensen (1958), who compared

scale and otolith age determinations for each of 764 haddock,

coneluded that ebove 8 years of age the outer annuli are more | B

easily distinguished in the otolith than in the scale, and that

endency for lower azge estimates to be obtained
Furthermore,

this led to a ©
for these older fish from scales than from otoliths.

they conclude that for older, slower-growing stocks

of haddock |

the otolith methdd will probably give more accurate results.

Saetersdal (1958), inve

oung haddock, found even in the very earlie

stigating the scales and otoliths of
¥ st years that a
minority of th

e scales showed a complete lack of growth in a

season of slow growih. His evidence sugcests that the otolith
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is a more sensitive recorder of the age of the fish thaﬁ the
scale. He also found, for arctic haddock, that in mature fish
the outer growth zones of the otoliths are far more distinct

and easier to identify than those of the scales, which may be

completely lacking.
Rollefsen (1933) found that it was often not possible to

discern the zones formed in the outer parts of the scales of the
"skrei"; while the corresponding otolith zones were particuiarly-

distinet. Schmidt (1955) had the same experience when studying

the otoliths and scales of sasithe, Gadus virens L, from Icelandic

and Norwegian stocks. Trout (1958) also states that for

galliidds populations, where the mean age is high, the otolith has
been shown to give a more consistent age reading than the scale.
With redfish being such a slow growing species of fish and
ven using Surkova's ege estimates, the mode of

ges greater than 11 years in

ult to see how

one which has, €
the age-frequency distribution at a
most of the areas around Newfoundland, it is diffic

scales could possibly provide ages approaching in accuracy to

In this connection, it is

those obtained by otoliths.
+ Bank yielded

interesting to note that the fish from Eamilton Inle

otoliths which were Very much clearer and easier %o read than

any of the other areas and presumebly the scales were similar;

in this aree was found the best agreement between the growth
curves of Surkova and Sandeman.
examination of scales, 1 found them superior to

In m§y
¢ first two or three years, but at ages

greater

otoliths for th
s difficult to read with any confidence.

than aboﬁt seven year
o ages of 20 and more says

The fact that Surkova can read scales t

much for her prowess at age reading.
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Just as.the lack of agreement between the growth-curves of
Surkova and Sandeman eﬁerges S0 clearly from the comparisons, so
‘also does the presence of-agreemenf between the curves of

Kelly end Violf (1959) for the Gulf of Haine and those discussed
here for Hermitage Bay. = Although the curves are for redfish
from two different areas, it seems highly probable that the close
agreement between the growth-curves reflects a real agreement
with regard fo the basic method of age determination. The most
striking difference between the data presented by Kelly and

Wolf (1959) and our data is the lack in the Gulf of laine of the
large, very old fish which seem so common in the samples from
the'Newioundland‘area in 1947 - 1953. It seems probable that the
high sustained fishing pressure to which the Gulf of Haine has
been subjecfed nas resulted in the relative absence of the large
very old fish, In this connection, it is perhaps worth

recapitulating that a gimilar dearth of these large old fish has

been noted from the Gulf ol St. Lawrence in recent years.
8.2 North American merinus redfish

Unfortunately the only data that has been published for

marinus redfish in the ICNAF irea are from Subarea l. Some
age-frequencies are shown in the ICNAF Sampling Yearbook, and
Zakharov (1962) shows & table of age and mean length for marinus

. redfish from the same area. Unfortunately Zakharov's ages were

determined from scales, and the growth-curve is typical of those

obtained from scale readings, 1t 1S astonishing that Zakharov

ad scales and obtain ages to as much as 39 years.

is able to re
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fravin's (1962) age frequency data also shows ages to 35 years
9
with 5 ilsh being classed as older than 35. In view of the basic

discrepancy that appears between growth curves as derived from

scales and otoliths of mentella redfish from the same area, it

seems thet little is to be gained by comparing, between different

areas, marinus growth curves which have been derived from otolith

or scale age determlnatlons. As the available detailed data on

age and growth from both mentella and marinus of the Northeas?t

Atlantic (with the exception of Bratberg, 1955, 1956a and 1956b

and Trout, 196la who worked only with rather young fish; and

52 and 1958) were 2ll from scale readings,

Kotthaus, 1949, 19
it is unlikely that comparisons will be of any real value.

~
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