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Abstract

Age and growth of redfish (Sebastes marinus mentella) were read by
counting the annual rings (dark bands under reflected light) on broken
otoliths. The otolith length and otolith weight both gave good regressions
with fish length. These two otolith parameters did not, however, give a
better relationship with fish age than did fish length.30 The age (A) length
(L) relationship for sexes combined is: L = 5.022A 	 and

Ot0
 von

Bertalanffy equation for sexes combined is: L = 53.32 [1-e - 	(	 )]
both of these regressions have high variability (R 2 = 0.76, 0.75
respectively). Age length keys for 1977 and 1978 are included in the paper.
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Resume

Nous avons determine 1'age et la croissance de sebastes (Sebastes
marinus mentella) par comptage des anneaux annuels (bandes noires a la
lumiere refl6chie) sur des otolithes sectionnes. La longueur et le poids
de l'otolithe donnent tous deux de bonnes regressions en fonction de la
longueur du poisson. La relation entre ces deux parametres de 1'otolithe
et l t age n'est toutefois pas meilleure qu'avec la longueur du poisson. La
relation a e JA)-longueur (L) pour les sexes combines est:
L = 5.022A 6 0 , et 1'equation de von Bertalanffy pour les sexes
combines est: L = 53.32 [1 -e 0.047(t+1•26)1, Ces regressions ont
toutes deux une forte variabilite (R 2 = 0.76 et 0.75 respectivement).
Le present article contient des Iles age-longueur pour 1977 et 1978.

Mots-cles: sebaste, plateau Scotian, age, croissance, Sebastes marinus
mentella
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INTRODUCTION

The age and growth of Atlantic redfish (Sebastes marinus,
mentella) has been the subject of controversy for many years. Kotthaus
1958 and some other European authors have claimed that redfish has a
relatively rapid growth, early maturity and does not live much past 10
years of age. Sandeman (1961) on the other hand has suggested redfish
are long lived (frequently over 60 years old) and not fast growing.
Beamish (1979) has found Sebastes alutus on the west coast to be up to
70 years old at length 45 cm, with little or no growth increment over
40 years of age. This slow growth in later life leads to densely
packed growth rings which make ageing difficult but not impossible.
Kimura et al. (1979) have shown the rings of Sebastes flavidus to be
annual and formed during the winter period of slow growth - a similar
conclusion to that reached by Sandeman (1961).

An age length key (1975) for Atlantic redfish was completed by the
Biological Station, St. John's using research cruise data from the R/V
A.T. Cameron cruise A236. This key covered NAFO divisions 4WX and
statistical area 5Y and included 717 redfish. It was decided a more up
to date key of relevant areas was required for the assessment of 4VWX
redfish stocks. In co-operation with the Nova Scotia Provincial
Government an age and growth study was initiated during the summer of
1979. Redfish from NAFO divisions 4VWX and statistical area 5Y were
aged for the years 1977 and 1978. This paper investigates these
results.

METHODS

Redfish otoliths were collected by annual cruises of the R/V A.T.
Cameron on the Scotian shelf in July. Each pair of otoliths was
stored dry in a labelled envelope during the cruise. The data
collected for each fish included fork length to the nearest cm, weight
in g, sex, location of capture, and environmental parameters. For this
study the otoliths of the cruises during 1977 and 1978 were unpacked,
measured in length to the nearest mm and 400 otoliths were weighed to
the nearest mg. One otolith was broken in half laterally and mounted in
plasticene (broken edge up) for viewing under a 6X Wild M-5A
microscope. Every otolith from 1978 was read (984) and one otolith for
each 1 cm length group in each set of 1977 (541).

Annular rings (dark bands under reflected light) were counted from
the nucleus to the outside edge along the longer radius. The rings
along the shorter radius were often so close that counting was
difficult, however they served as verification for unclear zones on the
longer radius. A drop of alcohol improved the clarity of reading but
polishing did not justify the time involved. The otoliths were aged
without reference to data on length, weight or area.
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Age, fork length, . 	 weight, area, sex, fish number, 	 otolith
length and otolith weight were coded and stored on computer files for
analysis.

RESULTS AND DISCUSSION

Otolith structure

All fish were collected in the month of July and had an outer
hyaline zone from the previous winter. A number of older redfish had a
region of densely packed rings. This often formed a pointed section at
the outer lateral edge of the otolith and occurred between 15 and 18
years of age. This region could contain 20 or more very narrowly
spaced rings. This suggests a change of growth, possibly caused by a
change of environment. Some workers (Hennemuth and Brown, MS 1964;
Gulland, MS 1965) claim larger redfish migrate to deeper waters. The.
zone of narrow ring spacing on the outer edge of older otoliths may be
related to such a migration to colder strata.

Length weight relationship

A linear regression was calculated for the in transformation of
the fork length (cm) and weight (g) of redfish for males, females and
sexes combined (Figure 1). The resulting equations for length/weight
are: 	 2 902

Males W = .0226 L 	 ; 	 (n = 708, r2 =0.963)

Females W = .0167 L 2.998 	(n = 742, r2 =0.969)

Combined W = .0188 L 2.962 (n = 1453, r2 =0.968)

There is no sexual dichotomy in the length weight relationship of
these fish.

Otolith length vs fish length

The relationship for combined sexes between otolith length (OL in
mm) and fork length (L in cm) is linear (Figure 2). The regression
equation is:-

L = -2.13 + 2.48 OL; 	 (n = 728, r2 =0.950)

There is no difference between sexes, years, nor NAFO divisions on the
Scotian shelf. This suggests the measurement of fork length may not be
necessary in the field if otoliths are collected for age determination.
It would also permit length frequency sampling of filleted remains from
a fish plant when a sample is missed due to timing.
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Figure 3. Otolith weight-fork length relationship for Atlanticree^fish (Sebastes martnus
mentella) from the Scotian shelf (1978). The dots and cra'sses are the mean
values (with range) of the otolith weight relationship for Sebastes mentella
and Sebastes marinas respectively from Labrador (Freund, 1961).
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Otolith  weight vs fish length

Otolith weight (OW in g) is proportional to fork length (L in cm).
The linear regression on the ln transformation of the data for combined
sexes gives the relationship:

L = 54.124 0W0.394; (n = 382, r2 = 0.952)

The plotted data (Figure 3) are within the range of Freund's (1961)
data for Sebastes mentella from Labrador and below his data for S.
marinus. As for otolith length, otolith weight can be used as a
predictive tool for fish length, however the otolith weight can be
calculated far more quickly, easily and accurately than otolith
length.

Age vs fish length

Redfish have great variability in the relationship between age and
length (Figure 4). They are a slow growing, long lived fish and this
is reflected in the wide range of ages for fish over 25 cm. A similar
pattern was noted in a 1975 age length key produced by the Biological
Station, St. John's (see Appendix I). Westrheim (1973) found the
variation between age readers increased for the older age groups. He
did not, however, mention the variation he found within his fish
population. It is possible that age and growth varies between strata
but the data available are insufficient to prove such a relationship at
present.

The transformation of length (L in cm) and age (A in years) gives
the following relationship for males, females and sexes combined: -

Males L = 5.752 A .567 ;

Females L = 4.821 A • 657 ;

Combined L = 5.022 A •630;
There does not appear to be any difference between the length/age

relationship by sex, strata, nor year.

Otolith weight vs age

It was noted that larger redfish appeared to have proportionally
thicker and heavier otoliths than would be expected. It was felt it
may be possible to use otolith weight as a predictive tool for age
estimation and even in the fabrication of age length keys. To
determine the relationship between otolith weight (OW in g) and age (A
in years) a group of 400 otoliths were weighed (Figure 5). The
regression on the ln transformation of the data gave the equation:-

A = 26.856 OW 0.401;
	 (n = 349, r2 = 0.723)

(n = 689, r2 = .718)

(n = 744, r2 = .790)

(n = 1443, r2 = .760)



51; 7
1I 1
1 1 1 1
+ 11 11 2 	 11
T I 	 1 1 	 12 7
I 1 2 	 12 2 11T i 1 	 2 ? 1 ? 	 ? 1'4 '

1 1 	 14
+41T ^ 2 	 c 2

1 I i 	 a. 	 '
32 2
	 1 2 ' 3 	 1 1

I 1 '' ` 	 3 	 = 2' '31
T 12 ? 	 a 	 7 7 	 12 2
I 1 	 1 7' °= 1 1 	Lt 7
+ i 14 "^ 744 - 14 1 	 ,

1 '7 	 7 '° ` 31 7 	 ?2 ?
I 1 i 	 2? 7 	 1 	 r a' it
I c R '" c

E
c

j 7 	 c a c 	 c 7 	 7 1 ,1 1 1
31+ 77 ,	 4 	 ° 3' 1 1U T 71 7 	 a9 	 c A3 c 	 I 22 11

T ?. 	 14 A 	 2r. _^ c 	 71 	 j
I ? 2 	 nr 	 4 i 7 	 Fa 	 7
T 4 7 	 I i
+ I 	 77 c 	 r ! 7 	 1 	 1 1
T 1 	 47 ° 	 3c 	 4 7 4 	 1i 	 1 1
r ? 	 •a 14 	 c » i

Z T 1! 1 4 	 ca 	 3 7 1 	 1

W 21+ 1 	 , 7 7 n 	 A? 	 1 1 '
J T 1 	 24 a>

1 	 3 3.-' A 1 	 1
I	 1 4	 3 n	 14 4	 1
1 	 7 4 	 ! 7 	 4 ?

16+ 1 	 7 e 	 ' 7 , 	 I
T12 3 	 37 ° 	 51 1
I22 F4 1
T 46
I 1	 1?

11111 1 	 1
111
T 	 1
T
----+—......--+----+----+----+----+--- -+----+----+----+----+---_+—.

6 9 12 21 30 	 36 	 42

AGE

Figure 4. Age-fork length relationship for Atlantic redfish from the Scotian Shelf
(1977-1978).

+

1
T

T 1
T 1 1 	 1 	 1 	 1
1 1 1
I 11 	 1T- 1 	 1

23T 1 	 i	 I ' 1 	 111117 r
T 1 	 1 	 '2 	 11^ 1 i 	 1111 	 t
T 1 	 1 	 ^i 	 112 , 1 	 1
T 1? 	 1 	 1 	 311 	 11 1
+ 1 	 1 	 1 	 11 	 1a12 	 121 1 1
I 31 	 111 	 21143 	 7111 1 1 	 111

LLJ 	 T 1]	 1 	 1_ 	 ??2112 	 1 	 7 1
T ? 	 222 	 1112125 	 21 	 1 	 2

?i171Z. 4112 	1	 ^1 1
Q 13+ 111

T 71 2t2t?
T 3	 1_ 2	 3'4j ,

I 2421 2 	 1 	 71
T ,4 i 	 1	 L

T 1 	 _22
T 1
I1 1
T

5 10 	 20 	 30 40 50 	 60

OTOLITH 	 WEIGHT (mg)

Figure 5. 	
Otolith weight-age relationship for Atlantic redfish from the Scotian
shelf (1978).



8

I
I

1

32 4 1 11
T Li1 4

+
I

ii
'

'
2 	 1

1
11 	 2 	 1

1 i ? 	 i
1 1 i 	 1 Z 4 	 11

1 	 3 1' 	 ? 1 	 1
Z 1 	 ? 1

221 1 22 1 	 41 i 	 3 	 it 1	 Z
I 1` 2 	 3 	 4 3 `
I 11 i U 4 	 1	 3 34 	 1 	 4

11 7 	 34 & 	 i '^ 	 1 	 Z 1
T 11 4 9 S 	 °2 	 5 ?3 1+

^jJ ' 1' _ 1 	 ? 	 ' 1'
(^ 	 t 1 3 i	 6 7 	 F 1. 	 2 7
Q

T
7

i^ 	 ? ` 1 '3
' 	 4

i? `2 3 	 31
12+ c 	 o 1 ' 1T 1 1 4 ^7 3 	 11 1

T 1 a' 031' 2 1
I 7 	 C 741 3
T 	1	 4 ' .aj: 11 	 . 17 + 	2 oO' 37
T 	 }
TI 	 2 	 1 1 4 3 	 3
T 	 11 '_
T
---_+—.--+----+----+----+---- +---- + -- -- - ---- - ---- - -------

5 8 . 	 11 14 17 20

OTOLITH LENGTH (mm)

Figure 6. 	 Otolith length-age relationship for Atlantic redfish from the
Scotian shelf (1978).



9

The otolith weight is not as good as was expected for estimating age,
in fact it has greater variation than the age length relationship.

Otolith length vs age

The relationship between otolith length (OL in mm) and age (A in
years) was investigated next. The relationship is linear over the
range of data tested (Figure 6) and the resulting equation is: -

A = 0.28 0L 1 . 6 ; 	 (n = 690, r2 = 0.78)

The coefficient of variation is similar to that obtained between the
fish length/age relationship and better than the otolith weight/age
relationship.

Von Bertalanaffy growth curve

Although the above relationships are probably the best
mathematical fit, for many fisheries models a von Bertalanaffy growth
curve is required. Therefore a curve was fitted by computer program
(BGC-2) taken from Tomlinson and Abramson (1961) giving the
relationships: -

Males L = 45.2 	 [1-e -0.056(t+1.61) ] 	; (n=689, r2 0.71)

Females L = 55.03 	 [l-e
-0.049(t+0.57) ] 	; (n=744, r2 =0.79)

Combined L = 53.32 [1-e
-0.047(t+1.26) ] 	; (n=1443, r2 =0.75)

The von Bertalanaffy growth curves for males and females are in
the same form as those found by other authors (Mayo et al , MS 1979;
Clay, MS 1979) from the region. However there is a slightly greater
absolute value for the L — although the values for ages less than 30
years of age are comparable.

Age length keys and removals at age and length

The age length keys prepared from this work are presented in
Appendix I: Tables 1 and 2. The removals at age are estimated by
weighting the Canadian redfish samples collected in the Maritimes
region by the appropriate catch. This weighting was done by quarter
and NAFO division with sexes combined whenever possible. The catch at
length matrix and removals at age are presented for 1979 in Appendix I:
Tables 3 and 4.
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APPENDIX I.

Age at length keys , catch at length matrix ,
and age composition of Atlantic redfish (1979).



CATCH r:ATR1X 8Y 	 LENGTH Ft)R 	 REDFIS11
(FISH NUMBERS 	 X 1/1000)

TOT LE'GTM
YEAR 1971 1972 1973 1974 1975 1976 1977 1978 1979

6 C^ 1 0 0 0 0 0 0 0 0 0
7 CMS 0 0 0 0 0 0 0 0 0
8 CM 0 0 0 0 0 0 0 0 0
9 CM 0 0 0 0 0 0 0 0 0

10 CM 0 0 0 0 43 0 0 0 0
11 CM 0 0 28 18 129 0 3 14 0
12 CM 0 24 61 39 429 0 5 57 0
13 CM 259 8 188 114 1268 0 7 58 0
14 CM 786 0 388 245 2343 0 10 72 2
15 CM 918 0 238 150 2858 0 11 322 7
16 CM 2787 76 475 239 3396 0 10 467 23
17 CM 8007 61 1028 545 5029 5 12 493 15
18 CM 11916 262 2032 896 6768 15 34 493 21
19 CM 12948 439 3697 1577 6254 115 37 702 417
20 CM 10707 1037 6736 3307 4211 321 98 642 409
21 CM 9259 2967 10489 5248 2623 625 225 653 603
22 CM 9604 6682 13412 6500 2220 3462 671 951 965
23 CM 13194 10354 13870 7860 3114 4763 1267 1400 1233
24 CM 14978 14707 12716 8231 4493 5439 2030 1860 1581
25 CM 15753 17502 13244 8773 6231 6781 2323 2230 1563
26 CM 14941 17195 10652 7688 6550 5212 2441. 2445 1352
27 CM 12215 14652 9580 7453 5263 4304 2481 2394 1570
28 CM 10473 12894 7399 6175 5210 3161 2057 2062 1230
29 CM 9352 10218 5556 5059 4049 3784 1806 2178 1194
30 CM 8376 8416 5290 4960 3728 2831 1610 1869 1130
31 CM 6677 5890 3618 3936 3215 2414 1492 1446 928
32 CM 6182 5141 3444 3271 3031 1707 1478 1302 1126
33 CM 5852 4150 3388 2614 2188 1623 1455 10415 1169
34 CAM 6016 3677 2790 2230 2245 1651 1596 1031 1423
35 CM 5281 2640 2113 1910 2150 1084 1916 1133 1425
38 CM 4324 2694 1940 1887 2265 1323 1908 1523 1181
37 CM 3486 2036 1694 1652 1818 1077 1412 1304 1162
38 CM 2263 1736 1356 1356 1468 734 1538 1199 871
39 CM 1358 1024 735 775 1055 340 1344 928 655
40 CM 997 701 587 417 797 223 1088 566 628
41 CM 632 491 273 264 385 91 805 504 308
42 CM 297 345 175 144 326 35 519 296 218
43 CM 216 172 153 69 185 18 222 172 153
44 CM 129 92 82 29 75 0 203 too 38
45 CM 37 117 37 32 84 0 108 132 26
46 CM 68 0 97 0 49 0 74 40 24
47 CM 0 0 60 0 61 0 29 7 11
48 CM 7 0 0 7 51 0 13 1 20
49 CM 3 0 56 8 0 0 5 0 1
50 CM 0 0 0 0 16 0 14 0 0
51 CM 0 0 0 0 0 0 0 0 0
52 CM 0 0 0 0 0 0 0 0 0
53 CM 0 0 0 0 0 0 0 0 0
54 CM 0 0 0 0 0 0 0 0 0
55 CM 0 0 0 0 0 0 0 0 0
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