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Introduction

The age determination of redfish species is one of the most important unresolved questions
unti} now. There has been controversy concerning the correct method for aging redfish {Nedreaas,
1990), and several attempts have been made to create a common criterion (ICES, 1983, 1984,
1991) but, at present, both scales and otoliths are used with different techniques.

Ex-USSR scientists read scales under ordinary light (ICES, 1991), German, Danish and
Icelandic scientists read scales under polarized light after a silver nitrate treatment (Kosswig, 1980).
North Americans use the break and bum otoliths technique, wihich is also used by Norwegian
scientist (Nedreaas, 1990). Conversely, Spanish scientists use otoliths but with & different technique
(Saborido-Rey, 1993). Both Norwegians and Spaniards have used scales routinely in past years.

Obviously, it is necessary to clarify the differences between age readings using scales and

otoliths and develop a common procedure among laboratories.

There are many problems in identifying the redfish species accurately, so in many stocks two
or more species are considered as & single one (Sabonido-Rey, 1993). This has produced difficulties
when comparing the growth in each species. In Flemish Cap redfish very few studies have been
made to compare the growth in each sex and species and to validate the age readings which is very
important for adequate fisheries management.

Material and methods

Both scales and otoliths have been collected from Sebastes marinus, S. mentella and S.
Jasciatus during EU surveys carred out in Flemish Cap' from 1989 to 1994 (Vizquez,
1989,1990,1991, 1992, 1993, 1994), The scales were removed from the middle of fish body near
the tip of the pectoral fin, dried and preserved in an envelope. Otoliths were also kept dry in
envelopes. '
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Scales were read under polarized light after being treated with silver nitrate as described by
Kosswig (1980). Otoliths were broken and burned as described by Saborido-Rey (1993). All age
readings were made by the author.

In mentioned surveys §. mentella and S. fasciatus were considered as a single group
{Sebastes spp.) due to the difficulty in the identification of species until 1990. In the years from
1991 to 1994 both species were identified routinely. So, in order to avoid pessible differences in
growth patterns between S. menfella and 8. fasciatus, to compare the age readings from scales and
otoliths only S. marimus data was used. Then, to compare growth between sexes and species length
at age, date from the 1991 to 1994 surveys were used.

The von Bertalanffy growth equation has been fitted to length at age data derived from both
scales and otoliths and from males-females and the three species present in Flemish Cap.

To validate the age readings of otoliths the length frequencies of §. mentellnr in the period
1988-1994 were used. In those surveys, youngest specimens could not be separated by species
routinely, thus all redfish shorter than 15 cm were considered as a single group. Likewise, as
mentioned above, in the 1988-1990 period . menvella and S. fasciatus were also considered as a
single group. Taking into account that 5. mentelia is the most abundant species in Flemish Cap
(around 80 % of the total biomass and more than 90% of S. fasciatus plus 5. mentella) we used the
total frequency of redfish in 1988-1990 as S. mentella.

Results

Scales vs otoliths

Both age-length keys were wnsﬁu&ed summerized every all years: 1989 and 1990 to scales
and 1990 to 1994 to otoliths, Table 1 shows the mean length at age of S\ marinus derived from
scales and otoliths.

The von Bertalanffy growth equation parameters based on Mes and otoliths are shown in
Table 2 and the resuiting curves in Figure 1. Scales age reading shows a faster growth than those
based on otoliths. While the maximum recorded age using scales was lower than 20 years (19 in
females and 18 in males), in otoliths it was 36 in females (26 in males). The age reading below 30
cm was approximately the same, i. e, until age 10 scales and otoliths gave similar values. However,
above such size, scales gave lower values than otoliths age readings for the same length, showing a
growth close to linear (Figure 1), while with otoliths the growth rate decreases considerably with
age. The growth curve based on scales gives the highest L., (51741 and 462.39 cm, males and
fernales respectively, compared to 52.50 and 57 44 cm) which are clearly inconsistent,

Age reading validation

" To follow strong year classes provides an independent check on age determination of
redfish. In the period analyzed here, four year classes dominate the length frequency (Figure 2)
named A, B, C and G. Following as each modal class grow year to year, it is possible to identify
seven modal classes between 8 and 26 cm corresponding to 8-9 cm, 12, 15 18, 21, 23 and 26 cm.
The age frequencics using the age readings of otoliths are shown in Figure 3, Age frequency is
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consistent with length frequency year to year. Thus the cohort named F in Figure 2 was assignéd to
age 2in 1991 and, three years later, the same cohort was assigned to age 5, the same agreement can
be observed in cohorts labeled as C-G.

It is necessary to take into account that redfish is totally recruited to gear used in the survey
around age 3 and 4 (Figure 3) but until age 6 those redfish are not recruited to fishery. This point
can produce a misinterpretation of age class evolution in 1991, when the strong year class of 1985
dropped heavily in abundance.

In this way, the modal classes named A-G in Figure 2 correspond with the following

cohorts;
Moedal class A— 1980 cohort
Modal class B 1981 ¢ohort
Modal class C— 1985 cohort
Modal class D— - 1986 cohort
Modal class E— 1988 cohort
Modal class F— 1989 cohort
Modal class G— 1990 cohort

Sex growth

For each sex and species a von Bertalanffy growth equation using otoliths age readings from
1990 to 1994 was fitted (Table 3, Table 4, Table 5). Figure 4 shows the mean length at age by sex
and species and the resulting curves. Table 6 show the von Bertalanffy growth equation parameters
of males and females of the three species which live in Flemish Cap. There are few discrepancies in
the growth between sex during the first 15-20 vears, then females grow faster than males; so L, is
highest in females in all species. However, the analysis of variance run to compared slopes and
intercepts of curves shows no significant differences between sexes in all species (P>0.5). _

In redfish in Flemish Cap the females live longer than males, thus the maximum recorded
age in females was 36, 32 and 25 years for 8. marinus, S mentella and S. fasciarus respectively,
while in males this was 26, 26 and 17 years.

Intraspecific comparison of growth

Although the differences between sexes were not significant in any species of redfish, due to
the discrepancy in the longevity, the growth by spécim was oomparéd separately in males and

females. Figure 5 shows the mean length at age for the three species. It was observed that the °

growth in males in the three species was similar until age 17 (maximum age recorded for S
Jasciatus), which means more than 95 % of the total redfish caught in the surveys. Nevertheless,
females of S. marinus show a mean length slightly higher than in the other two species, but this
difference is marked since age 20 (5% of the Flemish Cap redfish population). So most of the
redfish population displays a similar grow.th To show this similarity the von Bentalanffy growth
equation was calculated again, but deleting from original data males older than 17 years and females
older than 22 years. The resulting curves are shown in Figure 6.

8. marinus has the longest life span of the three species and is farger in size: the maximum
age recorded was 36 years in females and 26 in males. Conversely, in §. fasciatus the maximum age
found was 17 and 22 years for males and females respectively.




Individuals shorter than, approximately, 15 cm, due to an inherent difficulty in identifying
species, were analyzed as a single group, and then the age was determined without specific
consideration. Those individuals were not used to compare the growth in each species. However,
since the growth in the three species was similar, at least in younger ages, the age reading of
“uveniles” is useful to examine the growth rates in early years of Sebastes life.

- Discussion

Scales has been the most used structure, at least in Europe, in redfish age determination
(Beamish and McFarlane, 1987, Nedreaas, 1990), though since several years go various
Iaboratories began to use otoliths as a more useful structure (ICES, 1991), as North American

scientists have to continued to do. The difficulty of age determination in Sebastes has been increased

with the proper identification of the species (Saborido-Rey, 1994); in many stocks only an age-
length key was constructed when two or more species cohabit, At present, there is no common
criterion to determine the age in Sebastes species in the North Atlantic.

Several works have criticized the use of scales to determine the age accurately in redfish
{Beamish and McFarlane, 1983; Leaman and Beamish, 1984, Nedreaas, 1990): scale age readings
underestimate the true age. In this sense, it was found that several were older than in previous
reports (Power, 1978, Beamish, 1979, Reimers, 1979; Beamish and McFarlane, 1983, Chilton and
Beamish, 1982; Berkely and Houde, 1983).

Nedreaas (1990) carried out an investigation comparing the age readings of scales and
otoliths in S. merinus, S. mentella and S. viviparus from Norway. Using the strong year class of
1982 as a tool to a suitable validation, he reported that only otoliths give consistent values, which is
in accordance with the results presented here.

Scales readings give ages lesser than 20-25 years in Sebasfes Atlantic populations
{Kotthaus, 1958; Kosswig, 1971; Haunschild and Vaske, 1985; Rikther, 1987, Pavlov et ol , 1989)
suggesting a faster growth. Otoliths validation works indicate that redfish grow slower, reaching 60
or more years (Kelly and Wolf, 1959; Sandeman, 1969; McKonne and Legge, 1980; Nedreaas,
1990). The results presented here show that otoliths age reading give values more consistent than
those of scales; L., calculated from scales is clearly incoherent,

Petersen's method is very unyseful as a validation tool in redfish in older groups because of
the enlargement of the dispersion and the ro&uction of the distance berwéen moedal groups. In early
years, however, a strong year class makes it possible to follow the modal classes until age 10
approximately. In the last 15 years in Flemish Cap, strong year classes mixed with weak ones. Using
this method, the year classes of 1980,1981, 1985, 1986 , 1989 and 1990 were identified as a strong
year classes. Redfish in Flemish Cap reach 8-9 cm at age 2 and around 23-24 cm at age 7. The age
assignments give to each modal group one ycar more in the next year so the criterion used was

homogeneous and consistent.

Power and Atkinson (1986) reported two strong modal groups in the 1982 Canadian survey
on Flemish Cap situated around 12 and 8 cm, and no other strong modal groups appeared neither
just before nor just after that year, so those two modal groups correspond with those named A and



B in Figure 2. Using our age-length key, the modal classes in the Canadian survey correspond with
ages 3 and 2 respectively, so in 1988 their ages will be 9 and 8, which is in disagreement with our

results. As mentioned above, between 8 and 26 ¢m sizes there are seven year classes so it may be
concluded that the modal groups labeled A and B had a density-dependent growth and the incorrect
age determination was produced due to the use of scales in 1988

In the period 1990-1994, age determinatio'n using otoliths gives us a mean length in §.
mentelia at ages 7,8, and 9 of 23.5, 25.6 and 27.5 cm respectiv.ely‘ If A and B classes have age 9
and 8, their mean length is lower than expected. These two cohorts have been the strong ones in the
last 20 years. Several authors have studied the density-dependent growth in exploited fish
populations, reporting an inverse relation between growth rate and cohort abundance (Templeman
and Bishop, 1979, Wells, 1983; P -Gandaras and Zamarro, 1990). The density-dependence occurs
it early years (Shepherd and Cushing, 1980) as a response tolmtracohorc competition for a limited
food resource. This feature can be extended to adult stages (Wooton, 1990; P.-Gandaras ef af,
1993). In Flemish Cap, density-dependent growth has been reported in cod (P.-Géndaras and
Zamarro, 1990).

The size class of 8 cm is determined as age 2 by all anthors in Flemish Cap, though several
ones have questioned those results assigned it as age 1 (Templeman, 1976, Lilly and Gavans, 1982,
Lilly, 1987). Taking into account the growth rate between ages 2 and 6, 3 cm annually, the size of
age 1, should be around 4-5 cm in summer season (Saborido-Rey, 1993). This growth rate is in
accordance with that calculated by Anderson (1984). However, rexdfish with a size between larvae
(2 cm of §. mentella in August) and juvenile (8-9 ¢m) has not reported in any survey.

S. mentella, the most abundant species in Flemish Cap, was bom at late February-Mid
March with a size of 6 mm aprox. The size increased to 12 mm in June (Anderson, 1984) and to 28
mm at Jate August (data from 1990 EU survey). An exponential growth of the larvae has been
described after an initial phase of Jow growth (Ahlstrom, 1954; Kamler, 1992). Anderson (1984)
calculated the growth rate of Sebastes larvae since the parturition to late August, reporting an
exponential growth for §. mentella (born in March):

Y= 2.0en,dllx

and for §. fasciatus (born in June-July):

¥ =0let

where Y is the size in mm and x age in days.

Using these equations both species reach 5 cm at late Autumn. This size group was reported
in November in Labrador waters (Bainbridge and Cooper, 1971), in the Gulf of Maine (Kelly and
Barker, 1961}, in Greenland (Wieland, 1992} and in Svalbard (Nedreaas, 1990). The population of
fishes in cold waters have a seasonal growth, being the winter the season with a lower growth rate
(Wooton, 1990), So the redfish which stzed 5 ¢m in early winter could reach 8 cm in the summer of
the first year of life. So the size class of 8 cm corresponding to age 1 and the age reading made until

NIOW were INCOITect in one year.



In this way, the stronger year classes in Flemish Cap redfish were 1980, 1981, 1986 and
1990, 1986 and 1990 year classes of other species were also very abundant as cod, American plaice
and Greenland halibut (Vézquez, 1994; Junquera, 1994),

The growth rate in each sex in Flemish Cap is not significant different. In another areas of
North Atlantic, male and female redfish grow with a similar pattern, as in Flemish Cap, and the
females live longer (Surkova, 1961; Sandeman, 1961). Sandeman (1969) reported a different

growth rate for sexes in Flemish Cap, but the sample size was very few and no statistical analysis
was made.

It is difficult to compare the growth between species due to the problem in the identification
of such species. In our analysis there are no significant differences in the growth between §.
marinus, S. mentella and §. jasciatus. S. mﬁﬁnus live longer than another ones and S. fasciatus had
a shorter life. However, this difference could be biased because of S, fasciatus living there where the
fishery is higher (Saborido-Rey, 1993). Parsons ef al. (1976) calculate the growth curve of se in
Flemish Cap: L., was lower both in males and females than those presented here, perhaps due to
their considering all redfish as . mentella, and perhaps due to different critetion of age readings.
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Table 1. Mean length at age of S. marinus in Flemish Cap, July 1989-90 {scales) and July 1990-94 (otoliths)

Scales Otoliths Scales Otoliths
Age Males Females Males Females Age Males Females Males Females
2 9,00 : 18 50,50 54,00 39,31 40,70
3 9,67 13,50 19 55,50 38,69 4271
4 11,50 16,25 12,50 16,19 20 39,00 44,00
5 12,55 14,50 15,84 18,25 21 4275 44,00
6 17,80 19,20 18,08 20,68 22 43,17 4725
7 21,85 22,22 20,82 23,84 23 4420 43,67
8 25,89 25,43 2336 26,03 24 49,00
9 28,56 28,64 26,23 2179 25 43,00 49,50
10 31,59 32,38 28,07 30,00 26 46,00 51,00
11 34,33 34,25 30,01 32,16 27 46,00 54,00
12 36,73 36,94 31,78 33,46 28 ” 49,00
13 39,00 38,43 33,03 35,80 29 52,00
14 39,20 41,44 3420 - 3585 30 : 52,00
15 41,17 44,50 3572 38,41 33 53,00
16 44,50 50,00 36,12 39,40 34 50,00
17 50,00 46,50 3734 40,88 36 54,00

Table 2. Parameters of the von Bertalanfly equation of S. marinus based in scales and otoliths

Scales Otoliths
males females males " females
K 0,0053 0,006 0,080 . 0,072
| . 517,41 ' 462,319 - 52,50 57.44
to

-1,7131 -1,656 -0.498 - 0,29
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Table 3.- Age-length key of females and males of S. marinus in Flemish Cap.
Age
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Table 4. Age-length key of females and males of S. mentella in Flemish Cap.-

—Age
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Table 5. Age-length key of females and males of S. fasciatus en Flemish Cap.

Age
Sizz3 4 5 6 7 .8 9 10 11 12 i3 14 15 16 17 18 19 20 21 22 23 24 25 26 Toual
12 0
i3 21 3
14 0
15 5 5
16 10 4 14
17 16 3% 1 50
18 3 6 3 80
19 2 55 50 1 108
20 24 9% 3 125
21 4 94 12 110
22 2 79 44 2 127
23 27 19 3 109
24 s 71 7 3
25 4 28 27 2 - 61
26 6 36 5 47
27 3 19 8 30
28 1 6 15 1 28
29 3 13 14 30
30 2 9 5 1 17
3 3 6 1 3 13
32 1 2 1 2 6
3 2 2
34 1 1 2
35 1 2
36 1 1 2
37 1 1
k1] 0
39 1

2 31 197 366 250 103 45 31 12 8 8 3 1 o0 1 0 © O O O O O.0 O 1058

Sizz3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 16 Toul

121 1
13 1 1
14 4 4
15 6 6
16 16 3 1 20
17 9 22 3 34
18 4 6 2 69
19 3 37 38 78
20 21 39 6 116
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S. marinus S. mentella S. fasciatus
Males Females . Males Females™ =~ Males Females
L. 52.50 57.44 4523 51.07 4185 47.52
K 0.080 0.072 0.093 0.072 0.1221 0.096
to -0.498 0.29 -1.26 -1.9325 0.2112 -.1665
Maximum 26 36 26 32 17 25
_age recorded ’
60
40 -
)
2
3
{72}
20 =
VL . Scales ° Females
. e Males
Otoliths * Females
/ . 4 Males
o i T T
0 : 10 ' 20
‘ Age

Figure 1.- Mean length at age and von Bertalanfly growth curves of S. marinus based on age readings of scales and
otaliths. Inside plot show a prayection to age 70,
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Figure 2.- Length frequency of Sebastes in the period 1988-1994 (until 30 cm)
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Figure 3.- Age frequency of Sebastes in Flemish Cap in the peviod 1988-1994 (until ags | 0).
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Figure 4.- Mean length at age and von Bertalanffy graﬁth curve based in otoliths readings of Sebastes during 1990-1994
, in Flemish Cap. a) S. marinus b) 8. mentella ¢j S. fasciatus.
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Figure 5.- Mean length at age of the three species of Sebastes in Flemish Cap in females {above) and males (below).

Length

Figure 6-. von Bertalanffy curves of the three species of Sebastes calculated with individuals younger than 17 years
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