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Abstract 

Ages haw been detenn1ned fran the otolitha of IDBntella redtish 

from Hsl'lllitage ~, the southwest slope of the Grand Bank, the Gulf ot .::it. 

Lawrence, Flemish Cap and Hamilton Inlet Bank and of mar1nus redtish trom 

the latter two areas. Empirically, growth ot both marinus and mentella 

redtish from the .. areas was found to be well represented by the von 

Bertalant1'y equation and the parBJIIBters of this equation were obtained by 

least squares tit to tbill .. an length at age values tor malu and femalBII 

trOlll each of the areas examined. 

A comparison ot ages obtained by two independent readers rewaled 

that although considerable differences welle apparent in the estil1l&tes tor 

1:nd1v1dual fish, when the results were expressed as growth cunei these 

were virtually identical. 

Differences in growth rate between sexes, between the dll'ferent 

areas and, for samplee from Hamilton InJ.et Bank, between depths were 

examined using plote ot instantaneous growth r~te against tl.me. In the 

latter study the redtish (msntella) fram the deeper waters were 1'ound to 

grow taster atter an age of about 10 years than those of the SBJIIB age 

which had been obtained in the shallower waters. 

The order of tl14 growth rates found in this study resembles that 

obtained by recent authors from thB USA and USSR, h01l9ver, it was not.ed 

that the resemblance to the work of those author, who used otolithe was 

aloaer than to those who used thll IIcale _thod for est:!Jllating age •• 

lrhis paper is based on material submitted as a thesis in ?art1al 

1'uJ.f1l.J..ment of the requirements for the degne of M.Sc. at the Hemorial 

University of Newfoundland. 
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Introduction 

Hedfish of the genus Gebastes are widely distributed in 

the liorth Atlantic. In Northeastern Atlantic waters they range 

from the Barents Sea and Norway to the waters off Iceland and 

Eastern Greenland, while in the Northwest Atlantic commercial 

quantities are to be found south from Davis Strait to the Gulf 

of j1laine, as well as along the coast of West Greenland 

(Templeman, 1959). (The area referred to here as the Northwest 

Atlantic may be defined as the convention area of the Inter

national Commission for the Northwest Atlantic Fisheries (l"ig. ~,). 

The eastern boundary line of the convention area which, except 

near Cape Farewell, Greenland, extends along the 42°W longituae 

line, ,~ivides this defined Northwest Atlantic area from the 

Northeast Atlantic;) 

Taxonomic position 

The taxonomic position of the various members of the gen'ls 

Sebastes in the North AtlarJtic is rather confused. At present 

the following different forms of red fish can be considered to 

exist in the area: 

Northeastern Atlantic Sebastes viviparus 

Sebastes marinus 

Sebastes mentella 

Northwestern Atlantic ~bastes mentella 

:::iebastes rnarillus 

Bathypelagic stock Sebastes mentella 

Some of these different forms are no douut similar enoul,;!.1 

to be considered the same species (!2.. marinu8 of the NortrJWest 

and Hortbeust Atluntic); others however show differences which 

suggest that they may not be as similar as would appear from a 

superficial external examination. ThuB until the taxonomic 

position is clarified it is probably better to consider the 

forllls from the Northeastern Atlantic separately from tboee 

i'rom the l~orthwestern Atlantic. 

'l'he species which are considered in thiEl paper Hre 

U. mentella and S. mllrinus from the Northwestern Atlantic. - -
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Age and growth studies on redfish 

From the fir:!t information on the likely grov/th rate of 

redfish by Jensen (1922) JUany persons have attempted to hge 

various members of the genur·] Uebastes. A review of many of the 

papers pertaining to age and,growth studies can be found in a 

paper by Kelly and Wolf (1959). Suffice it to say here that 

validation studies by Hratberg (1955, 1956a, 1956b) for 

redfish from tbe coast of Norway, by l'erlmutter and ClarY.: 

(1940), Kelly andl/olf (1959), and Sandeman (1';161) have shown 

that redfish grow very slowly and that during their first 10 

years of life, one and only one annulus (hyaline layer on the 

otolith) is laid down. After the age of about 10 years, 

redfish otoliths and scales become more and more difficult to 
I 

read but inspite of thisit is possible to obtain age estimates , 
as has been done by many authors amonGst whom were Kelly and 

"II-. . Wolf (1959), Surkova (1961, 1962), ~a"'f"arov (1962), SavvatimkBy 

and 9idorenko (MS, 1965). These authors all Bupported the slow 

growth hypothesis rather than the fast growth hypothesis as 

>{h I put forward by Kot~aus (1949, 1952, 195b). 

Hethods 

The general areas where ttle sUJ:Jples of fish used in tilis 

study were obtained, are shown in l!'ig. 1. At some of these 

localities the samples were taken at a single position and depth 

-whereas at others fish from several depths and poaitions hlive 

been combined to provide an adequate sample. At each locality 

redfish were obthined by otter trawlin~, the required samples 

separated from the catch by a sampling procedure and the 

indiviuual fiah exumined at sea or at the lliolor;ical 8taticlfl. 

In JUost cases the length, sex and maturity were recorded, hnd 

the otoliths were removed for subsequent examination. 

All fisb lengths reported here are "fork lengths", tile 

measurements being taken from the anterior tip of the lower 

Jaw, with the mouth closed, to the end of the rnedilin caudal ra.ls. 
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This study is baaed on the examination of otoli tns, 
with the exception of data from Hermitage }jay where scales were 
also used for ageing redfish up to about age 5. It is considered 
that following the work of Kelly and Vlolf (1959) and ;:landeman 
(1961) that the. validity of the otolith method as applied to 
tbe ageing of Northwest Atlantic redfish (mentella) is establishec:i. 
Kelly anddolf (1959) refer to the Gulf of j';aine redfieh as 
::iebastes mlolrinus marinus. However, it seerns clear t[lat these 
fisli are in fact what are being called in this paper j,ortll 
American mente11a redfish. 

1'he techniques used for "reading" the otoli the and the 
estimation of age on a calendar year basis were the same as was 
previously reported by ::iandeman (1961). 

Wi th the exception of atoli ths from tile Gulf of St. Lawrer:ce 
and Hamilton Inlet Bank, which were read by ~. Squires, age 
determinations were by the author. 

l!Jnpirica1ly, growth of both marinus and mentel1u redfisll 
lUay be quite well represented by the inver<;e exponential 
equation, and the parameters of ths von llertalanffy form of 
this equation (Berta1anffy, 19J8) were obtained by a least 
squares fit to the mean length at age values for males and 
females from each of the areas examined. 

The form of the IJerta1anff'y growth in length curve wh icb 
is used in this paper is -

1t = L"",[l_e-K(t-t O ) ] 

Where 1t = 1.'he length of the fish (cm), ut age t (years) 

L"", = 1'heoretical maximum length (asymptotic length). 
K = Constant expressing the relative rate of appruach 

to L 

to • The theoretical age at which It = O. 
\ 

The general method described by Tomlirison and Abramson 
(1 :,161) bus been used for fitting the Bert1.11anl'fy j:,rowtll curves 
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to the length at age data, This method hus the advanta~e that 
it is more objective than the metllods which ure usually usee 
(Beverton and Holt, 1957; Ricker, 1958) and at the same time 
it provides estimates of the variance of the parameters. ~he 

method as described requires equal sized rll.nrJom samples to be 
selected from each age group containing a sufficient number of 
observations. As this would occasion very smll.ll samples at 
each age and the disoarding of data (a most undesirable 
requirement in th~ light of the tremendous variation in the age estimates), 
it was apparent that much better use of the material available would reoult 
from a least squares fit to data consisting of single points at each age 
and that these points should be mean longtt values. 

Thus for most of the data here, ~ertalanffy growth curves were 
fitted to smoothed mean length values at even ages (2, 4, 6, etc.) between 
stated upper and lower limits. These limits were detennined by the range of 
data available for the fit, bearing in mind that the method as described b.Y 
Tomlinson and Abramson (1961) requires that there be no gaps in the conuecutive 
ages used, and that the tables only allow a total of 18 age Groups to beu~ed 
in this fit. Smoothing was accomp:).ished by the use of the formula 

It = t (It_12 + It + It+/2) 

where It is the smoothed mean length at the even age t and It is the observed 
mean length at the same age. Occasionally, where there were gaps in the 
U11smoothed data, the formula was suitably modified to provide the requisite 
interpolation. 

Where growth curves are presented in fi~ures, the thicker line 
showl; the range of ages to which the curve was fitted, ~lhile the thinner 
line indicates the extrapolated curve. 

The growth rate, which in a plot of age aeainst size i~ 
represented b,y the elope of the curve at each instant of its eeneration 
is, in Bertalanfry type growth, continually changinG and is directly 
proportional to the length of the organism. 

dl = KL - KIt dt .,. 
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To obtain the growth rate in terms of time rather than length, the original 

Bertalanffy equation may be differentiated to yield 

dl", KL 
dt ... e 

-K(t-t ) o 

In both these equations ~~ represents the instantaneous gro~~h rate. The 

above equations provide a convenient means of comparing the growth rates of 

two or more popUlations having different parameters K, L"and to. Usine 
, dl the former equation, a plot of dt against It' results in a straight line 

having the intercept on the y axis of I'L and on the x axis of L . 

Similarly a semilogarithmic plot of ~ against t for the latter equation 

can be used for comparing growth rates and how they change with age, viz. 

log ~~ = log K + log L.,. + Kto - Kt 

Although the former plot is very much simpler, it is dec~ptive in that it 

is more customar/ to think of growth rate in terms of age rather than 

leneth. ConLequently in t:,e comparisons of growth rates pre:;ented here it 

will be most often the latter equation 'that will be used. 

Materials 

Hermitage Bay 

This area has been of particular interest because in 1953 

an isolated year-class of fish in their first year of life was found, and with 

a relative failure of adjacent year-classes it has been possible to follow this 

dominant 1953 year-class during several succeeding years (Sandem:ln, 1957, 

1958, 1961). This has allowed a useful check on the validity of the otolith 

and scale methods of age determination as applied to North American 

::>entella redfish and it has been established in Hermitage Bay that, at least 

to age 10, in each successive year a further pair of zones, a hyaline and an 

opaque, are laid down on the surface of the otolith. 

The otoliths used in this study and the derived age at length 

data are the same that were reported previously (Sandeman, 1961). The fish, 

which were likely all me;ttella, were obtained at the one position (Fig. 1) 

and from a rather limited depth range [120-180 fath. (220-330m.)). 
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Southwest slope of the Grand Bank 

The fish on which this study is based were obtained in 1947 d'Hing 

several sets in the general area indicated in Fig. 1. Although the data from this 

rather wide area have been combined to provide an adequate sample for ageing, 

the depth variation in these sets was not very great and all the fish were obtained 

in the rather shallow (for redfish) depth range of 45-115 fath. (82-210m). 

The samples were not examined for the presence of marinus , 

but it is most unlikely, from our subsequent knowledge of the numbers of these 

fish in the area, that more than the occasional marinus fish was caught and the 

growth curves presented here can thus be considered as those of North American 

mentella redfish. 

Gulf. of St. Lawrence 

The majority of otoliths used in this study were obtained in 1947, 

1948 and 1949 from redfish in the area of the Esquiman Channel (Fig. 1). Occasional 

samples of otoliths obtained during the same period, but from other areas in the 

nothern part of the Gulf of St. Lawrence, have also been included and, because of 

the complete dearth of small redfish'in. the samples obtained during this period, 

a rnore recent sample containing some small fish has also been added. 

Recent surveys for marlnus and mentella redfish in the Gulf of 

St. Lawrence have revealed only the very occasional marinu~ specimen and the 

otoliths considered here can be regarded as from ~ella redfish. 

Flemish Cap 

The fish were all caught on the northern slope of Flemish Cap. 

Otoliths for growth study were obtained from rather small sample s of fish used 

for detailed studies and because of small number, data from all depths ~ 50- 300 

fath (274- 548] are combined. 

rn addition the samples were selected to provide fish only at 

each length group of 5 cm or multiple thereof. Although this will, of course, 

affect the calculation of mean length at age, it is considered the the data are 

adequate fol' providing at least a preliminary examination of growth rate. 

Enough specimens of marinus redfish were obtained in the 

Flemish Cap area to allow a consideration of the growth rate of these fish, as 

well as that of the more common and deeper living mente.!!.a. 
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Hamilton Inlet Bank 

The otoliths examined from the area of Hamilton Inlet Bank 

were all taken from fish caught in August 1960, Fishing was carried out on a 

line across the sl"pe at the northern part of Hamilto:l Inlet Bank (Fig, 1). and 

otoliths were obtained as follows:-

Depth mentella marinus 

(fath) (m) males females males females 

140 256 47 19 

150 Z74 7 9 34 48 

175 320 61 47 

200 366 76 37 

250 457 54 54 

300 549 61 41 

400 732 4 11 

Total 263 199 81 67 

Results 

The growth curves of mentel1a redfish from the Hermitage 

llay area are shown in J!'ig. 2b. 'I'hese curves and the Bertalanffy 

parameters describing them (Tabl'e I) are based on the sarne 

length at age data that were reported in a previous paper 

(t>andemanj 1961) when freehand curves were drawn to the datu 

frorn J66 males and JJ2 females. As the dominant 1953 year-class 

appears to have shown unusually fast growth during the first 

four years, and its numbers are so great (205 fish) relative to 

-the otller fish, these fish have been considered separately 

(1!'ig. 2a) and are not included in the mean growth curves for 

the area shown 1n F1g. 2b. 

The very high standard errors in L"" and K that were 

obtained for the 1953 year-class data result from the absence 

of data for the older ages where the average lengths approach 

the asymptotic values. 
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l'he data from the southwest slope of thp. Grand Bank haY'! 

been used to compare the growth curves obtained by two different. 

age readers using the same basic age reading methods on mentelltt 

otoliths (Table I, Fig. 3) • 

. Growth curves for mentella redfish from the Gulf 

of St. Lawrence, Flemish C,,-p and Hamil ton Inlet Bdnk are 

shown in ]Iig. 4 and the parameters of the fitted Bertalanffy 

equations, years fitted, and number of otoliths read are 

to be found in Table I. 

Growth ·curves for marinus redfish from Hamilton 

Inlet Bank and l!'lemish Cap are presented (b'i". 5) as are 

also tbe .parameters of the ir least squares fits Crable I). 

Discussion 

Comparisons of ages and growth rates as determined by two 

di1'fere!lt persons 

The otoliths from the southwest slope of the ~rand 

Bank were examined and ages estimated by two aiffer"nt 

persons, tbe author (A) and technician B. Squires (:3). 

l'his provides an opportunity to examine the vuriut ion 

occurring between the results obtained by the two age readers 

Who tLre attempting to determine the ages, us in,: the Sflme 

btLsic method. Agreement. in age aSSignation is seldom 

obtained from otoliths of fish above age 10 (agreeLlent 

wus obtained in only 43 of 444 such readin,;8 in the present 

study) • 

Table II shows the number of times in which agree

ment or disagreement occurred between the two age readers. 

It Is evident from thIs table that there io u wide vurlution 

bfltwe~lIl tlw '"ges tLS determined by tlwsc two ruadel'lJ. hlrther

more, the Bpread of the duta on the upper aidu of tnu 

diagonal of complete agreelllerlt ind ica tes tim t the t'i'.e s 

estimated by II are on the average, hi1c;hcr thun those entim"tcd 

by A. 'rhis may perhaps be better seen by examinin;.~ trle 

frequency of agreement or disagreement without referp.nce to 
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tIle actual a~es at which the agreement and <.1ioagreecents 
occurred (.l!'ig. 6). The shape of the histogram approximates 
to a normal curve and indicates a rather large random error 
but also because the curve is skewed to the riBht, it indicutes 
tbb.t B on the average obtains age estimates that ure hil,her 
than those of A. 

Comparison of the age frequencies obtained by the 
two readers using i tests indicates thClt both for mCtles and 
females no significant difference exists between the "ge 
frequencies obtained by the two readers. (1'he difference 
between the two frequencies for the males could be expected 
to occur with a probability> 0.99 and thus. the frequencies 

are striking in their similarity. whereas that for the females showed 

a probability of occurrence of bet~leen 0.10 and 0.20). 
However, in dealing with growth curves it is reully the 

differences between the respective mean lengths at each 
age that should be considered, and a paired comparisons 
test b,·:tween these mean lengths at each ace would r-erbaps 
be more appropriate. Paired comparison tests indicated 
that for the males the mel:in difference between the meun 

length at age values was not significantly different from 
zero (0.90> P > 0.80) whereas the mel:in difference for the 
females was different from zero. (0.02 > l' > 0.01). 

The values for mean length at each age, as calculated 
from the age estimations of A and B for males and fem'~les 

se parately, are shown in B'ig. J. Also shown ure tile least 
squnres JJertalanffy curves fitted to the smoothed mean 
length at age datu for ages 8-J4 (because of' the lack of 
data at age JJ, J/, and J5 for females in j, I S duta, thin 
curve was fitted to the smoothed data for ages 1J-J2) • 'I'he 
curves derived from the age estimations of these two dif
ferent persona appear flO similar in this fil;ure that it is 
di1'f1cul t to see any difference at all. 

Al though the difference bet'>'iecn thc i.ti;e estirnr.tion 
01' the two readers was found to be significantly different 
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at the 55; probability level when the mean lengtho at each 
of (,,,,,,Iu 

age"are compared, it is apparent (Fig. J) that many of the 

mean length at age datu occur at ages greater than about 

15 when the asymptotic part of the curve is being aflproached 

and when the total average change in length repres'!nta only 

about 5 centimeters over a period of 20-25 years. ',;hen 

the variability of the smoothed mean length of age values 

from the results of both age readers are examined in the 

light of this, and when Bertalanffy curves are fitted to the data, 

it is not surprising that the differences between 

the parameters are small. It is evident from the consider-

able overlap in the confidence limits of all the parameters 

(Table I) that, for both males and females, the growth 

curves derived from the age estimates of A and B can be 

considered similar. 

Differences in growth rate with depth 

When the growth curves for male and female mentella 

redfish from the Hamilton Inlet Bank area (}lii~. 4) are 

compared with the data points from which they are derived, 

they do not seem to fit the data very well. l'his is 

particularly so for the ma~es, where ages 7 - 10 lie well 

below the fitted line and ages 16 - 21 lie above it, all of 

which would seem to indicate a steeper slope at this section 

of tbe curve. As data from widely different depths bave 

been combined it is proper that the data should be examined 

for differences in growth rate with depth. 

Very few age data are available froln 150 and JWO 

fath and when these are included with the data fro:n 175 

and JOU fath respectively, we have the equivalent of four 

different depth levels: 175 and shallOWer, 200, 250, and 

JOO fath and deeper. 
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Bertalanffy curves have been fitted to the unsrnoothed rnuan lencth 

e.t age data for each of these depth zones. I" each case the curves were fitted to 

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

Males Females 

175 fath (320 rn) 6 to 22 years 7 . to 20 years 

200 fath (366 rn) 10 to 27 years 10 to 20 years 

:~50 fath (457 rn) 9 to 20 years 11 to 21 years 

300 fath (549 m) 13 to 25 years 14 to 26 years 

These curves are shown in Fig. 7. Apparently the growth patterns 

of the fish from 175 and 200 fath are rather similar, and that these fish 

from the shallower depth ranges differ somewhat from those obtained from the 

deeper zones. 

A perusal of the length-frequency distribution of the catch8s at 

the different depths shows a general trend of increase in size with increase 

in depth (Fig. 8). This trend, wldch is apparent at several localities in 

the Newfoundland area, and the lac~ of smaller fish from the greater depths, 

lead quite naturally to the hypothesis that the fish gradually move deeper 

as they grow larger and older. 

Hcmever, when the age frequency distribution of the catches at the 

different depths is examined (Fig. 9), it is apparent that, although there 

is a decline in the number of the youngest ages present from the shallow to the 

deep water, for both the males and females, there is also a scarcity of the 

oldest males in the deeper levale. This scarcity of older males at the 2S0 

and )00 fath levels is not renected in the age distribution of the females, 

but in these frequencies an eTen more dramatic phenomenon may be noticed, 

namely that at the deepest levels almost all the females are :lJmiature. 

These characteristics of the male and female redf1sh from the deeper levels 

sugGest that separate populations may exist at these different depth levels 

and that such a division might occur 1:Ietween the 200 and 250 fath depth levels. 

':lith this hypothesis in mind, the data from 175 and 200 fath have 

been combined as have also those from 250 and 300 fath. The growth curve" 

for the combined data, the parameters of Which are listed in Table I, were 

fitted to the un9l1lOothed data for all available consecutive ages at each 

depth zone (Fig. 10). 
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It is evident froll this f1gure that the fitted CUMII for the lIIIIl.e 
redfish from the deeper depth strata does not fit the data points very well 

in the region of extrapolation beyond the maximum age used in the fitting 
process (age 22). This results not, only in a high value for L., but uso 
a rather extraordinary value for to. Extending the range of the fitting 
process to higher ages would not alter the parameters to any great degree 
as the 11 age groups above age 22 include only 12 fish. The results 
suggest that there are separate populations of redfish which, although they 
originate from the same shallow water population of young fish, have become 
separated from each other at an age of about 10-12 years to form a shallow-
water stock of slow-growing fish and a deep-water stock of fast-growing fish. 
With male redfish attaining maturity at an age several years younger than 
the females, it secms likely that most fish in the deep-water popUlation 
Decome separated at an age between that at. which the males and that at which 
the females attain sexual maturity. 

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

From the growth curves shown in Fig. 10 some idea can be obtained 
of the growth rates prevailing in the catches at the two depth zones and 
their respective rates of decrease. However, the direct compQrison of the 
different growth rates can most easily be accomplished graphically by the 

dl) ( . plot of instantaneous growth rate (dt against either fish length It) or 
time (age). This has been done to compa.re the growth ra tea at the two 
depth zones for males and females separately in Fig. 11. It is clear 

from these plots that. both for 1IIa1es and females. the growth rate is h1gher 
for the younger ages at the shallower depths. whereas the older fish show 
faster growth in the greater depths. It is also evident that, it' the 
theoretical curves provide reasonable expectations of growth. and provided 
other t.hinli;3 remain equal. IIwd.llllllll growth rates will be obtained if the 

males migrate from shallow to deep vater at about their eleventh year and 
femalell at about their ninth year. 
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In general a d:l.t1'erence in growth rate between the deep and 

shallow depth zones might be due to either or both of two basic t1Jl8s of 

causes, the one consisting of factors of the fish themselves, and the 

other of factors stemming from the envirolll1l8nt. 

It has already been noted that one of the main features indicating 

the differences in growth pattern between the depth zonee was that of 

maturity. In particular the age at first maturity was condderabl:r delayed 

in the deeper zone so IllUch so in the females that no mature fish were found 

in depths of 300 fath or deeper. 

Thus, it is possible that the change in growth rate between the 

two zones i9 not 90 much an increase in growth rate as the fish change 

from one fonn of Bertalanfty growth to another, but rathar a decrease in 

growth rate in the shallow zone. This nrlght be caused by the larger and 

older fish attaining maturity, and devoting much of their growth energy to 

the exigencies of reproduction, while their relationlJ, who emigrated to 

the deeper zone, continue to lift and grow as adolescents. 

However, it is evident from the matUrity pattern of the male 9 

(Fie. ';1) tnat, in spite of maturity being attained in the deeper water, 

growth continued at the fast rate that prevailed before maturity. It 

should be noted here that although in Fig. 9 most of the males in depths 

of 250 and 300 fath have been recorded here as mature, some doubt exists 

as to whether or not these were actUally so. At depths of 200 fath and 

shallower, the testes of all tha fish with lengths greater than about 25 em 

were oqviously mature. Thase fish had large, creamy white testes and milt 

could easily be seen in the vas deferens. At the 25u fath level and even 

more so at the )00 fath level, greater numbers of the fish had rather 

small testes which, although they were large enough to be producing 

viable spenn, were not creamy white in colour nnd no milt was visible in 

the vas deferens. Thase testes were erey in colour and appeared as if 

they had produced milt previously but had recoverod. The above description 

is taken from notes made by Dr Templeman who examined the fish in the field 

and indeed there was enough doubt about tnem that he made rather complete 

notes about their peculiarities and only called them mature in a very 

tentative manner. 

The environmental temptlrature ha3 a very close relatJ.onship with 

metabolism and growth. The prevailing temperatures however, in these 

waters of 175 fath or deeper, remain very stable from depth to depth, 

":,and indeed also frOl1\ year to year, and thus could not really be expected 
\\ 
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to affect the growth rate. Howewr, the closer proximity of the cold 
water layers to the shallower depth zone could l:iJnit the foraglllg area, 
and the pelagic feeding habits of these !ish haw not the scope and range 
that l.S available to the fish from the deeper zone. 

The most likely cause of the faster growth rate in deep water is 
probably to be found in the interplay of environment and fiSh phYSIOlogy 
that occurs in the proces~ of feeding. Here, unfortunately, we haw 
very little data, although it Hems clear that with increase in depth 

redfish tend to eat more and more fish as opposed to the smaller 

invertebra~es which make up the greatest part of their diet in shallow 
water (Yanulov, 1)162; Rees, MS, 196~:, 1966), 

Comparison of redfish growth rates in the Newfoundland area 

Differences between males and females 

Mentella redf1sh. The data presented indicate a striking 

difference in growth pattern between the sexes. The total growth of 

the females is nearly always greater than t~at of the males J and at any 

of the older ages the females are on the average very much larger than 
the males. The parameters of the fitted Bertalanffy curves (Table I) in 

conjunction with the confidence limits indicate that the main difference 

between the growth of the sexes lies not so much with the parameter K, 

but With L.~,. At Hermitage Bay, Flemish Cap and Hamilton Inlet Bank the 
confidence limits or L.,., for the males and females do not overlap, and 

this illdicates that the differences are likely to be real. In the areas 

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

between the L .... values for the males and females is not so clear, but in 

both these areas the growth curves of the males are rather aberrant, rur 

in each we have a rather large negative to value. This results iI> a very 
much lower than usual K value and a slightly h~her value for L" • 

The difference in growth rate between males and females is 

probably not so much the result of the environment, as or the genetics 

which determine the behaviour and physiology of the fish. The _les 
mature at considerably smaller sizes and ages than do the females (in 

Hermitage Bay on the average, males mature at about 20 em at which t:ime 

they are about 6 years old, whereas females mature at about )0 em or 

10-12 years of age). This suggests that the males will start earlier 

the processes associated with maturity, namely tho pre-spawninG reductil)n 
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in feeding (Yanulov, 1962) and the diversion of energy to the formation of 

sexual products, with the probable result that less total energy is 

available for growth. With the reproductive season of the males as well 

an the pre-spawning seuson of fast coinciding with the latter part of the 

season of greatest potential growth, the actual growth season of mature 

males could be effectively shortened in comparison to that of the 

immature portion of the stock. Yanulov (1962) has presented evidence to 

~how that the intensity of feeding of mature individuals clULnges with 

season and for both males and females it decreases abruptly in April and 

Nay. Fomales begin to feed again in June-July and by AIlI;unt are feeding 

heavily whereas the males appea.r to delay active feeding tin later and 

it was not till about October-llovember that 6C$ of the fish taken were 

found to be actively feeding. Rees (MS, 1962) presents some further 

data on the feeding of redfish, and while he fOllilU a different pattern 

of feeding throuehout the year in Hermitage Bay to that found by Yanulov 

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

agree that there is a period of pre-spawning fast. 

l1arinua redfish. The difference in 'growth pattern between 

the sexes of marinus redfish resembles that observed for the mentella of the 

Southwest Grand Danlc and the Gulf of St. Lawrence. The males in theae two 

areas and the marinua males from both Flemish Cap and Hamilton Inlet Danlc 

show Bertalanffy gro\~h patterns involving fairly high t values and low 
o 

values for K (Table I). In both these areas the females show higher growth 

rates than the males during the YOllilger years but, after about age 21 at 

Hemish Cap and age 33 at Hamilton Inlet Banlc, the males exhibit faster "ro>ith 

(Fig. 15). 

Differences between. areas 

The Bertalanffy equation he.s been found to describe adequately 

the growth pattern of many species of fish, and several authors have 

ey.runined the relations of the parameters of thiB equation to each other 

and to varioua environmental factors (in particular Ilevr~rton and Holt, 

1959; Taylor, 1958, 1959 and 1960). Of the relations between the 

po.rametera themfJelves, K and L have been found and, indeed, may 

a priori be expeoted to show an inverse correlation with each other 

(Knight, MS, 1962). I-Then t ha:J values which depart from zero, it will o 

likely also be inversely correlated with K • 
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l3ecause studies in which the Bertalanffy parameters have been 

correlated with various environmental factors have often yielded rather 

contradictory results, it seems preferable to avoid, for the time being at 

any rate, any possible physiological connotation which might be placed on 

tneae parameters, and to treat this equation in a purely empirical rnanner. 

'1'he equation llrovides a good fit to tho age at leneth data for redi'ish, as 

well as a convenient mathematical summary from wllich af-e and ::'eneth values 

and growtb rates can be extracted with ease by simple calculation. 

In examining tI,e differences ill growth patternL between area:;, 

discussions are here limited to a consideration of how the growth rates vary 

from area to area. 

Growth rates 01: male mente"" redi'ish. The Bertalanffy growth 

curves of male redfish from five areas around Newfoundland are plotted on 

the same coordinate system in Fig. 12. The parameters of these curves are st,own 

in Table I. The growth curves shown for Flemish Cap and Hamilton Inlet Bank 

represent the data from several widely separated depths, whereas the curves 

for the Southweat Grand Banl~ are derived from fish obtained in depths of less 

than 110 fath and those from Hermitage Bay and the Gulf of St. La;rrence from 

140 and 129-142 fath respectively. 

The male mentelle 01: Hamilton Inlet Bank seem to have a much 

faster growth rate, and those of the southwest slope of the Grand 3allir a 

slower growth rate than thOse of the other areas. This is confirmed when 

the erowth rates are compared by leneth (Fig. 13). UntH about a lenllth of 

32 cm, the erowth rates at any l"llGth are in the order of highost to lowest: 

Hamilton Inlet Banlt, Flemish Cap, Hermitage Bay, Gulf of St. Lawrence and 

Southwest Grand Bank. In terms of age (Fig. 14), the lIamllton Inlet Ba.nk 

fish have fastest growth to about the age of 10, but at greater age:; the 

fish from Hermitage Day grow faster and, after tho aGo of "bout 15 the 

fish of the Gulf of St. Lawrence ahow the fastest growth. Apart from the 

Jouthwellt Grand Balli, fish, after about nee 12 thoGe from Flemish Cup abow 

the slowest growth. 
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An-examination of the Bertalanff1 parameters and their 

confidence limits indicates a complete overlap by l( and to for all areas, 

and L for Southwest Grand Ban:, and Gulf of St. Lawrence with the otrer -
areas. Hamilton Inlet Bank can be considered different from Hermitage Bay 

and Flemish Cap in the maximwn length to which fish from tbeae areas may 

attain. 

Growth rates of female mentella redfish. Tho, area differences in 

growth pattern for female mentella parallel rather olosely those of the males 

(Fig. 12). Over the range of lengthe corresponding to the ages for which we 

have fitted the Bertalanffy curves, there are, relative to length (Fig. 13), 

3 main groups of growth rate: the fish from Hamilton Inlet Bank, which show 

a fast growth rate, and those from Hermitage Bay and the Gulf of St. Lawrence 

wluch show a mediwn growth rate, and those from the southwest slope of the 

Grand Barut which show a slow growth rate. 

When the growth rate is considered with respect to age (Fie. 14), 

the Gulf of 8t. Lawrence fish grow fastest till about the age of 23, and 

apart from these fish, Hamilton Inlet Bank fish grow fastest followed 

closely by those trom Hermitage Bay. 

An examination ot the Bertalanff1 parameters and their 

confidence limits shows that the K and to may overlap from all areas, but 

that ~provides a likely separation of three differing growth patterns: 

Hamilton Inlet Bank having a high ~; Flemish Cap, Hermitage Bay and the 

Gulf of St. Lawrence having a mediwn L.,..; and the southwest slope of the 

Grand Bank having a low value for L_. 

Growth rates of marinua redfish. As marinus were a vailJJ. ble from 

only two areas, area and sex differences are considered together. The fish 

from Hamilton Inlet Bank are larger than those from Flemish Gap (Fig. 5). 

Although the Flemish Cap males show a faster arowth rate to about age 13 

than the Flemish Cap females or Hamilton Inlet Bank males, after this age 

both the males and females from Jlamilton Inlet Bank display a faster growth 

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

Comparison of redfish growth ourves as derived by different authors 

North American mentella redfish 

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

the ICIMF Area. 80me data are available from the ICNAF Sampling Yearbookc but 

86 



20 

only from Russian sources. Data to 1960 are summarized in a paper by 

Surkova (1962). More recently Savvatimsky and Sidorenko (MS, 1965) 

have presented growth data for ~tel1a redfish from Hamilto,," Inlet 

Bank and the Northeast Newfoundland Shelf. 

Perlmutter and Clarke (1949) were concerned primarily vith immatu1~ 

redfish and, because much of their market sampling was aimed at these 

smaller fish, the values for mean length at age for the older fish in their 

samples are likely to 'be biased, with lower mean lengths and a flatter 

growth curve resulting. 

Kelly and Wolf (1959) show growth curves of redfish from the Gulf 

of Maine for the years 1951, 1952 and 1953. While Kelly and Wolf recognize 

the rather uncertain taxonomic position of the North American form of redfish, 

they class the Gulf of Maine redfish, in their final teble, as Sebastes marin1ll!. 

IDnrinus. As, has been already stated, it is the author's opinion and that of 

Templeman (1959) that the Gulf of Maine redfish belong to the common North 

American mentelIa-type. 

Canadian and United states length measurements are made to the 

nearest centimetre, from the.anterior tip of the lower jaw, with the mouth 

closed, to the end of tlle mid-fork of the caudal fin. The Russian measure

ments, however, were of total length (to the tip of the caudal fin - Surkova, 

1962) and presumably also made to the nearest centimetre. Because of this 

difference'in the basic dimension measured, the Russian measurements will be 

larger tllan those of the United States and Canada. The difference will , 

increase with size of fish and, according to Templeman (1959), shollld be 

about 1-1 ~ cm for redfish in the 30-40 cm length range. 

The meth9d of age estimation also differs between the United states 

and Canada on the one hand, whose biologists use otoliths, and Russian 

biologists who rely almost entire1y on scales. In many spedes of fish, 

although scales and otoliths agree and provide good age estimates for the 

younger fish, for the older fish which are forming very little new scale 

tissue annually, it becomes very difficult to distinguish between the 

winter and summer growth zones. This often results in an underestimation 

of the age of old fish qy the scale method, as compared with the otolith 

method. 
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Gulf of Maine. Bertalanf'fy growth curves have been fitted for 

male and female redfish from the data of Kelly and Wolf (1959) for all sample,s 

collected in the Gulf of Maine in 1951, 1952 and 1953. The curves were fitted 

to the unsmoothed length at age data for ages 1-18, for both males and 

females. These curves, together with the mean length at age values to 

\/hich they were fitted, are shown in Fig. 16. It is unfortunate that we 

have no age estimations for this area, but included in the fiGure are our 

Bertalanf'f.y curves for Hermitage Bay. It is evident, both from the 

parameters of the fitted curves (below) and the curves themselves, that 

differences are not very great. 

Gulf of Ma ine 

Males 

LQO 33.4 

0.13 

-0.5 

K 

to 

Females 

44. 3 

0.09 

-0.6 

Hermitage Bay 

Males 

35. 2 

0.12 

-0.3 

Females 

39. 7 

O. 11 

O. 3 

The curves for the males are practically coincident to an age of about 14 

years. after which the slightly higher value of L,.., for the Hermitage Bay 

curve exerts its influence. and causes the curves to gradually diverge. 

The curves for the females do not appear quite so similar as those for the 

males. but the difference in mean length at each age is still less than 1. 5 

cm up to the age of 18. the largest age to which the curve was fitted. The 

Bertalanffy curve for the females of Hamilton Inlet Bank is also shown. to 

indicate how the curve for the data of Kelly and Wolf lies relative to the 

curves we have derived for various areas aro:lnd Newfoundland. 

ICNAF Subareas 2 and 3. Surkova (1962) has presented age at 

length data for ICNAF divisions 2J. 3M. 30. and 3P which may be compared 

with the growth data in this paper from Hamilton Inlet Bank. Flemish Cap. 

Southwest Grand Bank and Hermitage Bay -respectively. The curves for the 

area of best agreement - Labrador. and worst agreement - Flemish Cap are 

shown in Fig. 17. 

Surkova's data for ICNAF division 2J were obtained in 1957 and 

1958. In the former year the data were based on one rather small sample of fish 

taken in the same area as was our own. whereas in the latter they were fro:n 
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several samples most of which were obtained in the southern part o~ rCNAF 

Division 2J. 

When these data points are compared with our fitted curves for the 

Hamilton Inlet Bank line (Fig. 17) and allowance is made for the mean 

lengths of Surkova's data being about 1 - 1 1/2 cm higher, except for the 

few very large males, the agreement between the growth curves is quite 

close. Why the large males in Surkova's data should diverge so greatly 

from the general trend is not known. Possibly scales have been,used to 

obtain the age estimates, or, alternatively some fish from the deeper 

fast-growing population could have been mixed with samples obt'ained mainly 

from shallower water. It is to be noted that these large fish occurred 

only in the 1958 samples. 

Surkova's data for the Flemish Cap area are for the years 1956-19(,0, 

but only her mean age at length data for 1956 arid 1959, the years from which 

our samples were obtained from the area of Flemish Cap, have been plotted 

(Fig. 17). Also shown are the Bertalanffy curves fitted to our own data, 

and fitted to Surkova's data combined and averaged o'/er the five years 

(unweighted) . 

The 2 sets of curves are quite differe'lt, with Surkova's data 

showing by far the faster growth rate. 

Although differences are apparent between the age estimations of 

Surkova and the author, they are not of the order found between thoae who 

favour the slow growth and those who subscribe to the fast growth hypotheses 

for redfish. However, a lack of agreement is apparent and it seems unlikely 

that this could have been caused by between sample differences such as might 

exist dJe to lhe samples being obtained in diverse depths olr localities. 

It is, in fact, dUficult to evade the conclusion that the differences found between 

the results of these author s are d',e mainly to a difference in the basi.c method 

of age estimation. Thus, with otoliths being used by the one worker and 

scales by the other, the difference reduces to the much-discussed controversy 

of scales versus otoliths in age determination. 

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

and the author emerges so clearly from the cornpariso'Js, so also does the 
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;>resence of agreement between the curves of Kelly and Wolf (1959) for the 

Gulf of Maine and those of the author for Hermitage Bay. Although the 

curves are for redfish from two different areas, it seems highly probable 

that the close agreement between the growth curves reflects a real 

agreement with regard to the basic method of age determination. The most 

striking difference between the data presented by Kelly and Wolf (1959) 

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

which seem so common in the samples from the Newfoundland area in 1947 -19 53. 

It is probable that the high sustained fishing pressure to which the Gulf 

of Maine has been subjected has resulted in the relative absence of the 

large very old fish. A similar scarcity of these large old fish has been 

noted from the Gulf of St. Lawrence in recent years. 

North American marinus redfish 

Unfortunately very little data have been published for ~arinu_s 

redfish in the ICNAF Area. Some age frequencies are shown in the ICNAF 

Sampling Yearbooks, and Zakharov (1962) shows a table of age and mean 

length for ~rinll~ redfish from Subarea 1 of ICNAF. Zakharov's ages were 

determined from scales and altho:lgh he is evidently extremely proficient 

at reading scales (he is able to read age to as many as 39 years), the 

growth curve he derives is typical of those obtained from scales. Travin's 

(1962) age frequency data also show ages to 35 years, with 5 fish being 

classed as older than 35. In view of the basic discrepancy between growth 

curves as derived from scales and otoliths of mentella redfish from the 

same area, little is to be gained by comparing between different areas, 

~~ growth curves which have been derived from otoliths and from scale 

age determinations. As the available detailed data on age and growth from 

both mentella and E2.~rin~_ of the North·e-aut Atlantic (with the exception of 

Bratberg, 1955, 1956a and 1956b and Trout, 1961 who worked only with rather 

young fish; and Kotthaus, 1949, 1952 and 1958) were all from scale readings. 

it is unlikely that comparisons will be of any real value. 

B 10 



24 

J1.cknowledl.,'m'omto 

It ill a plellolU'o to ,,"cknol/leu/:o the direct and inrlir"ct holp of 
many of th" biolor,iots (tnd technici'!l13 of the lJlo10Gic",1 ::;t" ti',n in ::; t. 
Jol:m

l 
G. Particular mention ohould be made ot E. Squir'JO "'ho re'.lU lW~n:r of 

the otoliths. 

Referenoes 

Bertalanffy, L. von. 1938. A quantitative theory of organic growth. 

(Inquiries on growth laws II). Human Biology, 10(2): 181-213. 

Beverton, R.J.H. and S.J. Holt. 1957. On the dynamics of exploited fish 
populations. Fish. Invest. Sere II, xix, 1-533. 

1959. A review of the lifespans and mortality rates of fish in 

nature, and their relation to growth and other physiological 

characteristics. Ciba Foundation Symposium on the Lifespan of 

Animals, 1959, p. 142-177. 

Bratberg, Erling. 1955. Vokeer veren langsomt og er det mulig a bestemme 
dens alder. Fiskets Gang, Nr. 42, p. 552-555. 

1956a. Om veketen og tych1ingen ev de opake og hyaline soner i 
otolithene has ilie Kjpnnsmoden uer (Sebastes marlllUs L.). Fiskeridir. 
Smaskr., Nr. 10, 1955. 

1956b.' On the interpretation of the opaque and hyaline zones in 

the otoliths of immature redfish (Sebastes marinus L.). J. Cons. 
Expl. Mer, 22(1): 66-74. 

Jensen, Ad. S. 1922. Sebs,stes marinus. Reoearches on the distribution, 
biology, and systematics of the Greenland fishoo. Vidence 11edd. 

Naturh. Foren. Kjobenhavn, 74: 89-109. 

Kashintsev, M.L. 1962. [Some notes on the food of redfish in the' 

Newfoundland area.] Soviet Investigations in the North-western 
Atlantic VNIRO/PINRO, p. 263-271. 

Bll 



25 

Kelly, George F. and Robert S. Wolf'. 1959. Age and growth of redfieh, 
Sepastes marinus (Linnaeus) in the Gulf' of Male. U.S. Fish and 
Wildl. Serv., Fish. Bull., 60(156): 1-31. 

Knight, William. MS, 1962. Groundfish sampling studies. Fish. Res. Ed. 
Canada, Biological Station, St. Andrews, original manuscript 110. 940. 
(Unpublished). 

Kotthaus, Adolf. 1949. Alter und Wachs tum beim Rotbarsch. Fischereiwelt, 
1 (5): 68-69. 

1952. Oko10gische und fischereiwissenschaftliche Untersuchungen 
~ber den Rotbarsch (Sebastes war1nua L.) II. Zur Altersbestimmung beim 
Rotbarsch. Ber. Deutschen wise. Komm. Meereeforech., N.F., 12(4): 

503-511. 

1958. Age and growth of rsdfish, §.!Lbastes marinus (1.). Int. 
Comm. Northwest Atlantic Fish., Spec. Pub1., No.1, p. 217-222. 

Perlmutter, Alfred and George M. Clarke. 1949. Age and growth of immature 
rosefish (Sebastes marinus) in the Gulf of Maine and off western Nova 
Scotia. U.S. Fish and Wildl. nerv., Fish. Bull., 51(45): 207-228. 

Rees, E.I.S. MS, 1962. Food and feeding of redfish in Hermitage Bay. Fish. 
Res. Bd. Camda, Ann. Rept. Biq1. Sta., St. John IS, Ufld., for 1961-62, 

p. 67-72. 

1966. Aspects of redfish feeding habits. Rep. Challenger Soc. 3 

No. 18. 

Ricker, W.E. 1958. Handbook of computations for biological statistics of 
fish populations. Bull. Fish. Res. Bd. Canada, No. 119, p. 1-300. 

Saodeman, E.J. 1957. Redfish grow slowly. Fish. Rec. Rd. Canada, Atl. 

Prog. Hept., No. 67, p. 26-28. 

1958. Gr01lth of young redfish. Int. Corom. Northwest Atlantic Fish., 

Spec. Publ., No. I, p. 227. 

1961. A contribution to the problem of the age determination and 
growth rate in Sebastes. Ibid., Spec. Publ., No.3, p. 276-283. 

B 12 



26 

SavvatimskT, P.I. and I.N. Sidorenko. MS, 1965. Results of investigations 
on deep-sea redfish. Ibid., Ann. Meet., 1965, Doc. No. 46, Sere No. 
1510, p. 1-4. (Mimeographed). 

Surkova, R.I. 1961. Redfish, growth and age. Int. Comm. lIorthwest Atlantic 
Fish., Spec. Publ., No.3, p. 285-290. 

1962. [Size and age composition of redfiah (Sebastes mentelJa 
Travin) from the North-west Atlantic.] Soviet Investigations in the 
North-western Atlantic VNIRO/PINRO, p. 297-311. 

Taylor, C.C. 1958. Cod growth and temperature. J. Cons. Expl. Mer, 23(3)1 

366-370. 

1959. Temperature and growth - the Pacific razor clam. Ibid., 
25 (1): 93-101. 

1960. Temperature, growth and mortality - the Pacific cockle. 
Ibid., 26(1): 117-124. 

Templeman, Wilfred. 1959. Redfish diatribution in the North Atlantic. Fish. 
Res. Bd. Canada, Bull. No. 120, p. 1-173. 

Tomlinson, P.K. and N.J. Abramson. 1961. Fitting a von Bertalanffy growth 
curve by least squares. State of Calif. Dept. Fish and Game, Fish. 
Bull., No. 116, p.1-69. 

Trout, G.C. 1961. The otolith of group-O Sebastes mentella Travin. Ibid., 
Spec. Pub1., No.3, 297-299. 

Yanulov, K.P. 1962. Feeding habits of "beaked" redfish (Sebastes mentella 
Travin) in the Newfoundland-Labrador area. Int. Comm. Northwest 
Atlantic Fish., Ann. Meet., 1962, Redbook, Pt. 3, p. 132-140. 

Zakharov, G.P. 1962. [On the biology of redfish (Sebnstep rnarinu§ L.) in 
West Greenland. Soviet Investigations in the North-western Atlantic.) 
VNIRD/PINRO, p. 319-330. 

B 13 



27 

Table I. Summary table showing the Bertalanffy parameter s and their standard error s. 

K L_ 

Mentella redfish 

Hermitage Bay (excluding 1953 year-class) 

'~Males 0.1l9:r0.028 
"'Females 0.113 ± 0.019 

Hermitage Bay (1953 year-class) 

'~Males 0.17 :r 0.35 
"Females 0.10 ± 0.37 

Southwest Grand Bank 
Sandeman 

*Males 0.05 :r 0.05 
*Females 0.13 ± 0.05 

Squire s 
'~Males 0.06 ± 0.04 
"Females 0.13 ± 0.0'7 

Gulf of St. Lawrence 

'~Males 0.06 :r O. 0·4 
'~Females 0.13 ± 0.04 

Fletnish Cap 

"Males 0.17 ± 0.05 
*Females O. IS ± 0.06 

Hamilton Inlet Bank 
All depths 

*Males 0.16 ± 0.05 
*Females 0.11 ± 0.04 

175-200 £ath 
Males O. 21 
Females 0.16 

250··300 fath 
Males 0.02 
Females O. 08 

Flemish Cap 

':'Males 0.07 ± O. 10 
-'Females O. 13 ± 0.03 

Hamilton Inlet Bank 

*Males 
*Females 

0.05 ± 0.06 
0.10 ±0.12 

:35.2 :r 1.0 
39.7 :I- 0.9 

31 :I- 28 
43 ± 95 

33 ± 6 
34.2 :I- 1.4 

30.6 ± 2. 3 
33.3 ± 2.0 

36 ± 13 
38.4 ± 1.2 

34.4 ± 1.2 
38.5 ± 1.4 

38.5 ± 1.0 
44.8 ± 2. I 

36. 5 
41. 5 

93 
52 

Marinus redfish 

45 ± 14 
47.8 ,. 1.4 

55 ± 9 
60 ± 6 

to 

- 0.3 ± 1.6 
0.2 ± 1.0 

- 0.4 ± 1.6 
- 0.7 ± 1.7 

-20 ± 6 
- 0.7 ± 3. 0 

-17 .± 5 
- I .f 5 

- 5 ± 18 
4.4 ± 2.0 

O. I ± 1.2 
0.6 ± 2. 5 

- 0.1 ± 1.6 
O. 0 1: 3.1 

2 
2 

-14 
1 

- 5 ± 8 
1.9 1 1.3 

- 9 1 14 
4 ± 18 

" denotes when fit was made to smoothed data for even years. 
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Fitted 
years 

6 - 40 
6 - 40 

2 - 7 
2 - 7 

8 - 34 
8 - 32 

8 - 34 
8 - 34 

12 - 46 
12 - 46 

4 - 30 
6 - 40 

6 - 38 
8 - 40 

10 - 22 
7 - 20 

10 - 22 
II - 22 

6 - 34 
6 - 40 

18 - 42 
18 - 42 

No. 
of fish 

53 
62 

33 
57 



4 . 
5 
6 

7 
I 

8 

9 
10 

11 

12 
, 

1.3 
14 

, 15 
~ , 

16 
of 
l 17 
~ 18 1 
j 19 
, 20 
1 

I 21 

22 

2.3 

24 
.25 

26 

27 

28 

29 

.30 

>.30 

28 

AGE READINGS BY (B) 

4 5 6 7 8· 9 10 11 12 1.3 14 i5 16 17 18 1920 21 22 2.3 24 25 26 27 28 2!1 30 >.30 

: 

1 

1 
1 . 

2 2 4 1· • 
1 1 2 22.3 1 

2 1 .3 1 .3 1 1 1 2 1 1 
1 2 2 5 1 6 . .3 14.3 1 1 

1 2 .3 .3 5 1 11.3 111 
1 .3 5 24.3 111 1 1 2 1 1 
1 1 .3 15 5 221 5 4 4 2 .3 1 1 1 . 

2 1 1 1 .3 .3 .3 .3 2 2 1 1 1 
2. 2 .3 6 2 4 2 .3 22.3 1 
1 1 1 2 7 4 .3 2 .3 2 1 1 1 1 

1 2 .3 4 5 2 .3 114 1 1 1 1 1 1 
1 .3 2 .3 2 2 5 2 1 2 1 2 2 2 2 2 2 

1 1 22 2 1 2 5 1 1 2 1 1 1 1 1 1 1 1 
222 8 .3 1 1 3 2 2 1 1 1 1 

1 5 2 .3 2 1 2 1 1 1 1 1 1 
2 1 2 1 2 .3 2 1 1 1 1 

1 1 1 1 .3 1 1 2 t-- 2 1 1 
1 1 2 

2 2 2 1 1 2 2 1 1 

1 2 2 1 1 1 1 
1 1 1 1 1 1 

1 1 1 1 1 2 2 4 4 

lUI lUI 
1 1 2 1 1 1 1 6 6 

. . L_ 

1 .31W8~22~~~n~~~2!122242 ,7 182 6 .3 6 15 

Table II. Table showing the frequenc7 of agreement and disagreement between two persons in estimat.ing ages from the same otoliths of male and female fish from the southwest slope of the Grand J3a.nk. The boxed diagonal denotes the frequency of 
perfect agreement at each &ge. 
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