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Abstract

Brazilian sardine data were collected between September 1981 and August 1983 from

the southeasterm Brazilian waters.

Otolithe were read using reflected ligth on the

surface of the whole structure. Three methods were used to determine the time of

ring formation, being the mean length per ring the best one.

There are two annual

rings clearly visible, one laid down in November/December, and the other one laid

down itn March/April.
age 3 years.

A method of age determination is described, being the maximum
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Perfodos de desova, Metodologia, Sardinella brasiliensis, Atlantico
Sul Ocidental, Rio de Janeiro, Sao Paulo, Parana, Santa Catarina,

Brasil: costa sudeste.

Introduction

Previous studies on the age and growth
of the Brazilian sardine, Sardinella
brasiliensis (Steindachner, 1879) have
been carried out by Richardson et al.
(1960) , Santos & Frantzen (1965), Rijavec
et al., (1977; 1983), Vazzoler et al.
(1982; 1987) and Rossi-Wongtschowski

et al. (1982). The present study is
part of a more extensive investigation
named the "Integrated Program of
Biological Studies on Sardine",which has
been developed in the southeastern coast
of Brazil since 1981 to investigate
changes in the biological parameters of
the species, and to provide data for
stock assessment.

In this paper we present the results
obtained from the examination of
otoliths from fish caught in four
regions in the area between 22° (Cabo
Frio, Rio de Janeiro) and 28°S (Cabo
de Santa Marta Grande, Santa Catarina)
during the period 1981-1983.

Age was determined using an

Contr. no. 690 do Inst. oceanogh. da Usp.

interpretation of rings that differs
from that found in the literature, thus
resulting in a new definition of the age
classes. On the basis of these studies,
growth parameters were estimated for the
whole area for application in analytical
stock assessment models,

Material and methods

Sampling was carried out during the
period September 1981 to August 1983 at
13 collection points along the southeast
coast of Brazil between latitudes 22°
and 28°S, including four coastal states:
Rio de Janeiro, Sao Paulo, Parana and
Santa Catarina (Fig. 1).

In order to sample the range of sizes
caught, monthly samples were collected,
both from commercial landings and from
the artisanal fishery and consisted of
20 kg boxes of fish obtained from
different fishing boats and various
fixed nets.

After measuring all specimens
sampled, subsamples stratified by 5 mm
length groups were taken. From these
each individual fish was measured for



18 Bolm Inst. oceanogr., S Paulo, 36(1/2), 1988

BRAZIL 1/5%s

125°s

Eige e

Fishing ground of

Brazilian sardine,
Sarndinella brasi-

Liensdis.,

total length to the nearest millimeter,
weighed to the nearest 0.1 gram (g) and
sexed; otoliths ("sagitta") were removed
and stored dried for later analysis. All

All lengths given in this paper refer
to total length (Lg).

A total of 287 samples containing
10,880 otoliths were obtained from the
whole area in the period mentioned
above.

Data on fish length and weight were
analysed by region, male and female data
were pooled.

The age of fish was obtained by
examining whole otoliths in 70Z alcohol
under reflected light against a black
background using a binocular
stereoscopic microscope at 25 times
magnification. Translucent hyaline
rings were counted and measurements of
various otoliths dimensions were
obtained using a measuring scale in
one ocular, one division corresponding
to 40 um,

Observations on the nature of the
otolith edge, i.e., whether it was
hyaline or opaque, were also made.

Two independent otoliths readings
were realized, and only matched
results considered.

The timing and periodicity of ring
formation was verified for each region
using the following methods:

a) by plotting the monthly mean length
of all fish with the same number of
rings on graphs and linking the
points in sequence (Vazzoler, 1982);

b) monthly mean marginal growth index,

as given by Matsuura (1961, cif. 4n:
Cadwallader, 1978), for otoliths with
4 rings represented by: G =R-r /
R-r__,, where G is the marginal
growt% index, R is the total otolith
radius, and r, and rp-1 are the radii
of the ultimate and penultimate
annulus respectively;

c) monthly frequency of hyaline and
opaque edges.

Age has been interpreted according to
the timing of ring formation and using
the arbitrary birthday of lst January,
considering the period of the spawning
peak (Matsuura, 1977; Rossi-
-Wongtschowski, 1977; Isaac-Nahum et
al., 1988).

Growth parameters (K, L_, t,) were
estimated from age data for the entire
area.

Growth curves were fitted by plotting
Ly against Lt4] using the von
Bertalanffy growth equation.

All biological data were processed in
FORTRAN, using a BURROUGHS 7900 System
at the Electronical Computation Center of
of University of Sao Paulo.

Results
Age determination
Ring counts

Numbers of sardine otoliths analysed by
period, by region, are shown in Table 1.

Table 1. Number of otoliths of
Sardinella brasiliensis
analysed during 1981-1983
from Rio de Janeiro, Sao
Paulo, Parana and Santa

Catarina regions

Bi/82 82/83

Raglion Total Matched Totasl Selected for

results snalysls

Rlo de Janeiro 2h1k Tehk 2426 1862
S30 Paulo 1035 715 IRRTY 10k3
Parana 670 539 563 h78
Santa Catarina 1539 1015 (RRE ) 1072

5658 3917 5222 hhss
Total {(10,880)
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Surrounding the central nucleous two
hyaline rings were often observed which
were not included in the counts, because
they were considered non-periodic annuli
correlated with changes occurring during
the larval and pre-juvenile stages, in
accordance with Rossi-Wongtschowski et
al. (1982). Excluding these rings,
otoliths were found with 0 to 7 rings,
the most frequent being 4 and 5 for Rio
de Janeiro, Sao Paulo and Santa Catarina
regions, and 2 and 3 for Parana region.
The mean lengths of S. brasiliensis,
classified by number of rings
considering both sexes together and the
whole area are given in Table 2.

Periodicity of ring formation

The monthly progression of mean lengths
of specimens with the same number of
rings showed that the periodical rings
are formed twice a year: in November/
December, and March/April. These
results can be seen in Figure 2, based
on data from the whole area.

The marginal increment index value is

lowest in two main periods (Fig. 3),
viz:

Rio de Janeiro: Sept/Oct, Jan/Feb
Sao Paulo : Oct/Dec, Mar/Apr
Santa Catarina: Oct/Dec, Mar/May,

also indicate growth checks of the same
periodicity. Data from Parana region
were not considered here because
otoliths with 4 rings only occurred
during few months.

The analysis of the nature of the
otolith edge did not give coherent
results between all regions because it
was often difficult to characterize it.

In general, the methods described
above provided evidence of two periods
of ring formation during the year, both
methods indicating similar periods. As
the first method described above showed
that rings are formed in the same period
in each of the areas studied, the times
of ring formation are taken to be the
months Nov/Dec and Mar/Apr for the whole
area.

Age class identification

Considering data from the whole area,
the sequence of monthly mean length data
for fish with a given number of rings

(Fig. 2) showed that at the beginning of
each year a new group of fish seems to
appear in the fishery, starting its
growth in length. This can be verified
by the two lines approximately parallel,
surging in Jan-Feb 1982, the same
occurring in Jan-Feb 1983. As only one
spawning peak occur in one spawning
season, we consider that each two lines
(two groups) represent a year-class.

As the spawning period ranges from
October to March, it is possible that
fish born at the beginning of this
period may present two otolith rings in
April, while those born at the end of
the spawning period could form only one,
or none till April, so causing the
appearance of the two groups. We named
these groups as "1" (fish born at the
beginning of the spawning period:
Sept-Nov) and "2" (fish born
subsequentely: Dec-Mar). In this work
we mean year—class as the two groups
combined.

So, according to the timing of ring
formation and the birthday attributed to
January 1St the identification of the
number of rings in the otoliths to age
classes is shown in Table 3.

In Figure 4, the same sequences of
Figure 2 are shown according to the age
class identification.

Age structure

On the basis of the above interpretation
of ring structure, data from 1981-82 and
82-83 periods were combined, in order to
obtain monthly length frequency
distributions at age classes for the
whole area, for each group,

described as follows:

a) group "2": the youngest fish from a
year-class (Table 4).

It may be verified that age-0 fish
begin to appear since January with
lengths about 40 mm derived from the
artisanal fishery in the Parana region.
From March till September, fish from the
commercial fishery occurred from 60 mm
to 100 mm L. From October to
December they practically disappeared
in the catches. This group reappered,
with age-I, during all the months of the
next year with sizes varying from 80 mm
(in January) to 200 mm (in December). At
age-I11 sizes ranged from 150 to 230 mm.
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Fig. 2. Sequence of monthly mean length from sardines with the same
number of rings on the otoliths, from the whole studied area
during September/1981 to August/1983. Times of ring formation
area indicated. ( )= number of rings for estimated mean, as
no data were available.
In the fourth year of life (age-III)
Table 3. Identification of the fish were found measuring 180 to 230 mm

number of rings in

otoliths to age classes,
by month.

Age class
Month

Group "2"

1

Group "IV

Jan
Fab
Har
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
bec
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occurring only till August-September.
After this period fish belonging to this
group did not occurred. It was not
found 4-years old fish.

b) Group "1": the oldest fish (Table 5).

Fish born earlier within the spawning
period begin to appear in the commercial
fishery in January with 60 mm L., Fish
50 mm L¢ have been found in the
artisanal fishery in March. These
O-year old individuals grow during the
year reaching up to 180 mm in December.
At age-I they also occur along all the
months, since January with 120 mm long
till the end of the year with 230 mm.
This group grows to age-II ranging from
160 mm to 240 mm, occurring at low
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Fig. 3. Marginal increment index variations for sardines from Rio de
Janeiro (RJ), Sao Paulo (SP) and Santa Catarina (SC) regions,

during 1981/1982,
perfectly representative.

The 1982/1983 variations were simi lar and

numbers in the second semester. Fish
III-years old, or older, were not found.

Considering the participation of each
age class during the studied period,
group "2" samples were composed mainly
by fish at age-II (517); age-I
corresponded to 407 and the remaining 97
to ages 0 (7%) and III (27) (Fig. 5a).
Group "1" samples were composed mainly
by age I (627%), being ages 0 and II
representated by 187 and 207

respectively (Fig. 5b, Table 6).

As group "2" and "1" are not separated
in landings, the combined samples data
show that sardine samples in 1981/1983
were composed in general by I-year old
(54%) and II-years old fish (32%), being
less represented ages 0 (13%) and III
(1Z) (Fig. 5¢).

This configuration is similar when
considering age composition of the
sardine total annual landings, the
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Fig. 4. Same sequences of Figure 2 are shown here according to the

age class identification,

Each two lines (groups '2'" plus

") represent a year-class.

proportion of ages I and II being
greater than 0 and III; some variations
between years may occur (Fig. 6).
However, as smaller than 120 mm fish
generally do not occur in landings, the
percentage of age 0 is much lower (17%)
than that in the samples (13%).

In order to verify any differential
growth between sexes, data from 3,407
males and 4,009 females combining two-
-months periods were analysed (Table 7).
The results showed that young fish with
defined sex begin to appear in the
fishery with 90 mm Lt about April. Males
and females O~ and I-year old have
equivalent sizes when compared for each
two-month period; from the end of age-1
on (about 23 months old), females
showed greater sizes than that of males
by about 5 mm, this difference
increasing to about 10 to 20 mm from

middle II-age on. Data showed that
female fish attain a greater length than
male fish: in the studied period, the
largest female fish aged measured

230 mm, and the largest male 214 mm,
both III-years old. These differences
were not statistically tested, but it
seems that growth between males and
females is different from sexual
maturity omn.

Growth parameters

To follow the sardine growth in
sucessive months, mean length values for
two-months were obtained, considering
the whole area. The data of both groups
were pooled for all population, aiming
application in analitic models for stock
assessment.

As in this study sampling comprised
two years, we composed a set of data in
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Fig. 5. Length frequency distribution
by age classes for groups '2'
(a), group "' (b) and both
groups (c), period September/
1981 - August/1983.
N = number of otoliths analysed.

order to represent growth of a
determined year-class during its entire
existence (at least four years). So, to
compose the 1982 year-class, we
considered the available age data from
this year-class (ages 0 and I), and
included the older ones from the 1980
year-class. The same procedure was
done for the 1983 year-class,

complemented with 1981 year-class data.
The following growth parameters were
obtained (Fig. 7):

1982 year-class:

-0,7225 (t+0,2496) ]
e

L, = 230,99 [1 -

1983 year-class:

L= 226,09 |__1 -

-0,7194 (t+0,3432)_|
£ € _

Discussion

In a previous study on age determination
in S. brasifiensis in the same area,
Vazzoler et al. (1982) used only 267 of
the analysed otoliths. In this study
the degree of utilization was 707,
differring fromthe previous one as a
result of the rigid criteria adopted by
those authors in utilizing for analysis
only those otoliths in which the gaps
between rings were perfectly clear and
measurable*. We believe that a value of
70Z in reading rings of Brazilian
sardine is perfectly possible.

On the three methods utilized in this
study to determine the timing and
periodicity of ring formation, the mean
length of fish with a given number of
rings was the most readily
comprehensible, followed by that based
on the marginal increment. Both provided
evidence of two annual rings, laid down
in November/December and March/April
respectively. These two periods of ring
formation are within the spawning
season of sardine, and coincide with
months immediately before and after the
spawning peak.

This timing of ring formation has
also been found in other species of
tropical regions, and it is related to
changes in calcium metabolism while the
gonads are maturing (Pang, 1973); a
considerable amount of calcium is
mobilized for the production of eggs
and sperm. The result may be the
appearance on scales, bones and otoliths
of zones with a samll quantity of
calcium (Garrod & Newell, 1958; in
Reshetnikov & Claro, 1976). Lipskaya
(1967, 1969) explains that in the
spawning period, 40 to 60 times more
energy is expended in the formation of
the sexual products than on growth,

(*) Dra. A. E. A. de M. Vazzoler,
personal communication, 1987.
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Table 6. Annual length frequency distribution at age, for groups '2"
and "', for the studied period Sept/81-Aug/83.

Age 0 Age | Age 11 Age 111
Cohort gt i I iEodl g nan aqm gk gt
N : [l % N 3 N 3 N E N 3 N 1 N ]
ho 25 0.59
50 103 2.4k 5 0.2
60 52 1.23 26 0.62
70 17  0.4o0 33 0.79
80 4o 0,9 42 1.00 2 0.05
90 hé 1.09 74 (IR A o 0.24
100 11 0.26 185  4.43 46 1.09
1o 143 3.42 74 1.75
120 1 0.02 116 2,78 163  3.85 8 0.19
130 70 1,67 239 5.64 k1 0.98
140 21 050 328 137 108 2.58
150 7 | P B is2 B.31 234 5.60 15 0.35
160 8 0.19 261 6.16 500 11.96 70 1.65 1 piioz
170 by 000 169 3,99 770 18.42 275 6.50 30 By
15.0 3 0.07 61 1, hk 588 14.07 551 13.01 95  2.27 2.4 .05
190 1k 0.33 261 6.24 63k 14.97 187 b, k7 /| 0.33
200 2 0,05 6k 1,53 hik 9.78 265 6.3h 30 0.71
210 15 0.36 142 335 187 h. 47 25 0.59
220 B 0.19 33 0.78 68 1.63 13 8.3
230 2 0.05 9 0.21 10 0.2k o O s
240 I 0.02
295 737 1705 2599 2143 Bld 91

this being reflected in the ring
formation.in bony structures of these
fish. '

For Sardinefla awrita, in the Lybian
coastal waters, it is apparent that the
hyaline zone in otoliths is laid down
during the period of gonad maturation
and spawning in adult fish (Pawson &
Giama, 1985). On the other hand, the
rings in scales of the oil-sardine,

S. fongiceps, in Indian waters may be
formed due to poor feeding in summer
months (Bensan, 1968). In Satdinops
neopifchardus in Australia it may be
regarded as a sudden check in growth
due to assumption of shoaling habit of
the species ({n Balan, 1968). 1In our
study it is difficult to state the
cause of ring formation; according to
Skorniakov (1964), under certain
conditions two rings are regularly
formed a year in tropical fish with

partial spawning and Nekrasov (1979)
cites several examples from literature
for tropical fish where two rings a year
are formed.

For the same genus, Baptista (1977;
cit. 4in Thomas, 1983) found that the
Angolan sardinellas (Sardinella aurnita
and S. eba) form two hyaline rings
annually. Also in the otoliths of the
Southwest African pilchard Sardinops
ocellata, it was observed that more than
one ring is laid down each year (Thomas,
1984), and in this case, the broad
hyaline zone formed between September and
December was referred to as the annual
ring and considered in the countings.
Rings on S. brasiliensis'otoliths formed
in November/December and March/April
could be related to some other factor,
not directly associated with
reproduction, because they have been
observed as much in sexually mature as
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Fig. 6. Length composition of sardines at age as determined
by otoliths, from the total landings in 1981, 1982
and 1983.
N= number of fish
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Table 7. Mean length at age by two-month periods, considering males
and females separated. Asterisk indicate for each tow
months the greatest value between sexes, without statistical

comparison

Years-class 1982

Years-Class 1983

Males Females Males Females
Age Number of Sampling perlod N Et N [‘ Sampling period N Et N Et
rings
0-1 Jan-Feb/B82 = = 3 = Jan-Feb/83 = = B
0-1-2 Mar-Apr : | 124.00 3 126,00 Mar=Apr 7 110,00 10 101.10
0 1-2 May=Jun EL 126,12 29 119.07 May=Jun 26 106.35 36 106.53
k=2 Jul=Aug ¥ 128.00 12 131.83 Jul=-Aug 31 118.84 30 117.73
1=2 Sep-Oct 3 136,00 3 148.00 Sep-0ct/81 16 119 21 122.38
1-2-3 Nov~Dec B 136.75 5 133.00 Mov=-Dec 5 140.56 20 145.80
2-3 Jan-Feb/83 25 143,96 19 144.37  Jan-Feb/82 49 171.26 31 168.81
2-3-% Mar=Apr 63 161,16 105 158,52 Mar-Apr 61 166.18 94 163.55
3-4 May=Jun 226 164.93 209 162 .41 May=Jun 201 168.03 248 169.41
I 3-4 Jul=Aug 193 160.54 240 163,64 Jul-Aug 248 167.16 298 165.97
3-4 Sep-0ct/B1 222 170.03 268 168,48 Sep=-0Oct 270 165.63 274 165.76
3-4-5 Nov=Dec 154 169.77 192 17272 Nov=Dec 183 170.16 145 173.34
h=5 Jan-Fev/B2 162 183.26 173 192.89 Jan~-Fev/B3 B4 181.64 104 188.58
h=5-6 Mar=Apr 88 188.50 95 195,94 Mar-Apr 183 187.81 202 192,31
" 5-6 May=Jun B2 195.90 118 201.39 May=dJdun 24 196.52 320 204,28
5-6 Jul-Aug §5 192,36 65 197.95 Jul=Aug 139 196.89 182 202.81
5-6 Sep-Oct 12 194,40 163 199,24 Sep-0Oct/81 59 203.34 hé 209.09
5-6-7 Nov=Dec 85 184,46 127 190.24 Nov=Dec 33 202.76 60 203.73
6-7 Jan-Fev/B3 8 202.62 10 208.70* Jan-Fev/82 2 204,00 10 207.40
6-7 Mar=Apr 3 212.33 7 204,14 Mar=Apr 13 202.69 16 203.81
i 7 May=-Jun I 209.00 9 228.00 May=Jun 1 213.00 2 223.00
7 Jul-Aug I 214,00 k 230,25 Jul~Aug = 1 217.00
7 Sep=0Oct - - - - Sep-0Oct 1 214.00 3 225,67

in immature individuals. It is assumed
that in adults the same factor can
trigger ring formation in the periods
considered here. In the literature
there are instances where the formation
of hyaline zones in the otoliths of
sexually immature animals is caused by
an inherent rhythm linked with the
reproductive cycle - e.g. the European
hake (Hickling, 1935), pilchard (Davies,
1956; Baird, 1970) and the Cape hakes
(Botha, 1971). Whatever may be the cause
for the checks in S. brasilfiensis
otoliths, they seem to be periodic and
so they can be used to indicate the age

in this species.

wWhile ageing the otoliths in the
present work, all well-formed rings were
counted without any attempt to
discriminate between those referring to
growth or other causes. This procedure
was adopted taking into account the
possibility that any person might be
involved in performing the counts.
Considering the results, this method
proved to be efficient: Vazzoler et al.
(1982) , found the same number of rings in
the otoliths of Brazilian sardine (up to
7 rings), and in both their study and
ours, the mean length of fish with a
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given number of rings are similar, which
indicates that the readings were
comparable. The present interpretation
differs from that of Vazzoler et af.
(1982) in relation to the attribution of
age, since they considered that only one
ring is formed annually, finding that
age ranges from O to 7-years old whereas
we consider the age to range from O to
3-years old in S. brasifiensis. However,
the authors cited above analysing the
monthly variation of otoliths with
hyaline and opaque edges, found a peak
in hyaline zone formation also in April
(fig. 6 from page 80), which they
attributed to spawning, without taking
it into account for age determination.
Richardson ef af. (1960) also found up
to 7 rings in scales of S. brasiliensis
from Santos and Rio de Janeiro, and

suggested the Brazilian summer as the
period of ring formation. It is
interesting to note that they supposed
an annual rings formation on scales,
but mentioned that certain anomalies
could not be explained. The period
when length at age is at a minimum,
according to Richardson et al., (op.
cit.) corresponds to that of
November/December, when we also
verified a miniumum length per ring
in summer. After an increase in mean
length values per ring, we find a
second low value, verified in summer
(March/April).

The wide range of lengths found
for each age class, mainly for ages 0O
and I, is easily explained by the
length of the spawning period of
Brazilian sardine, When groups "1" and
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"2" are graphically separated, there is
a small overlap of length within age
classes (Fig. 5a,b). It should also be
noted that both ages II and III show

a wide overlap, suggesting that at
these ages the species is approaching
its maximum size., In fact, according
to Pauly's equation (Pauly, 1980) in
which maximum longevity of fish can
be expressed by =3/K+t,, we found
a maximum age of 3,9 and 3,8 for

S. brasiliensis in 1982 and 1983,
respectively. These values are
approximate to that found by Matsuura
(1983), who found 4,3 and it should

be noted that in that work only £ish
from the northern part of the
distributional area - therefore larger
fish-were considered for study.

The occurrence of few individuals
of age III and older in the catches
provides evidence of the short life
span of the Brazilian sardine.

The data obtained during this study
through ageing of otoliths showed that
sardine fishery is practically based
upon ages I (547) and II (327)
individuals, and it is interesting
to note that the same results were
obtained through the analysis of
length composition of catches from
1974 to 1980 in the same area
(PDP/SUDEPE, 1985).

We find in literature several
examples in which the average size of
sardine females is greater than
that of males by a few millimeters
Phillips, 1948; Ben-Tuvia, 1960;
Pawson-Giama, 1985. As occurs with
S. brasiliensis the difference is
relatively small in young fish, but it
increase as the fish become older.

According to Matsuura (1983),
Brazilian sardine reaches sexual
maturity at the end of age 0 at a
total length of 160 mm. Our samples
showed that no fish from group
"2" was ripe or spent at the end of
age 0; we presume that these fish
do not spawn in the summer of the
year after the fish are born, first
spawning occurring only in the summer
of their second year of life (at the
end of age~I or starting age-II). 1In
relation to group "1" fish, ripe and
spent individuals from the year-class
1981 (spawning season 80/81) were
found in December/81 (age-0) and
February/82 (age-I); those from the

year-class 1982 (spawning season
81/82) were found spawning only in
March/83 (age-I) (Table 6). These
results show clearly that fish may
spawn for the first time in the
summer of the year after they are
born, when they are the oldest
(largest) from a given year—class

and able to attain length at first
maturity in this period, that is
160-170 mm total length (Rossi-
-Wongtschowski, 1977). Considering
that Matsuura's work (1983) was based
upon fish sampled from the Rio de
Janeiro region - where spawning
generally occurs earlier than in
southern regions of its distributional
area (Saccardo & Isaac-Nahum, 1983),
it is possible to find sexually
mature fish at age-0, but our results
suggest that this does not occur for
the whole population,

For the closely related species
Sandinella anchovia, Prosvirov &
Varea (1965) believed that this
sardine in the northeastern Gulf of
Mexico reached sexual maturity during
its second year at a length of
140-150 mm standard length. In
Venezuela, S, anchovia was found to
be sexually mature between the ages
of IT and III years at a total length
of 195 mm (Simpson & Gonzalez, 1967).

For the Indian oil-sardine,
Sardinelha Longiceps, those born
in July-August have a faster growth
rate than later recruits (Anthony
Raja, 1970). Similar observation
is possible to be made for S.
brasiliensis in this study, if growth
parameters for group "2" and "1" are
separately obtained: group "1"
present higher growth rate than group
"2", This may be related to the
warm period to which they are
submitted, as group "1" fish are
born at the beginning of the summer
season, growing faster than group
||2Il fish,

Growth parameters values of
S. brasiliensis, considering together
data from both group, are coherent
with data found in literature for
the genus in other areas (Pauly,
1978). Values for K are about 0.7,

L, about 230 mm and t, ranges from
-0,23 to -0,34. For the most relative
species S. anchovia from Venezuela,
values of K and L_ are 0,7 and 240 mm,
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respectively (Heald & Griffiths, 1967;
Simpson, 1971).

Other authors have obtained similar
values to ours for Brazilian sardine:

(1965)
[:Lt = 24.3 1

-0.50 t :I
-8
Matsuura (1977)
[Lt & gl PR L orDebiut :l

Matsuura (1983)

[Lt=26'0 l1-e

PDP/SUDEPE (1985)

[Lt =240 1-¢

However, those studies did not
include fish from the whole area
of abundance of this species,
and/or presuposed that t,=0.

In conclusion, this work shows
a different way of interpreting age
of S. brasiliensis through otoliths
rings. Having found two rings formed
a year, the age varies from 0 to III
years along the occurrence area of
the species.

The cause of ring formation may be
linked to the reproductive cycle. As
cited above, there are evidences that
the pre-spawning stages are attained in
fish from the Rio de Janeiro samples in
November, and later in those from Sao

Paulo and Santa Catarina regions. This
indicates that the spawning process

begins earlier in the northern region
(Saccardo & Isaac-Nahum, 1983).

The marginal increment index values
shown in this work also suggest a
progressive north-south shift in time
(Fig. 3). This fact may be related to
the previous observation, inforcing the
argument of the cause of ring formation.

Santos & Fratzen

-0.62(t+0.588) :l

-0.62(t+0.588) :I

Resumo

A idade da sardinha Sardinella brasi-
Liensis foi determinada pelo exame
de otolitos de exemplares provenien-

tes de desembarques da pesca comercial
e artesanal na area compreendida en-
tre 22°S (Cabo Frio, RJ) e 28°s

(Cabo de Santa Marta, Grande, SC), du-
rante o periodo 1981-83, Este estudo

€ parte de um programa mais amplo de-
nominado "Programa Integrado de Estu-
dos Biologicos sobre Sardinha", desen-
volvido na regiao sudeste do Brasil
desde 1981, obJetlvando conhecer as
varlagoes dos parametros b1ologlcos
da espec1e e fornecer subsidios a
avaliagao pesqueira do recurso.

Foram contados os anéis translu-
cidos dos otolitos, colocados intei-
ros em recipientes de fundo preto,
imersos em alcool 70% e iluminados
com luz incidente sob estereomicros—
copio binocular. Além das contagens,
foram efetuadas medidas das distancias
do nucleo do otolito ao bordo, e do
nicleo a cada anel translucido, bem
como observagoes da natureza do bordo.
Foram utlllzados tres métodos para
determinar a época e periodicidade
de formagao dos anéis. Os parametros
de crescimento L _, K e t, foram estima-
dos, e as curvas ajustadas usando-se
a equagao de von Bertalanffy. Os resul-
tados mostraram que os otolitos possuem
de 0 a 7 aneis, sendo formados dois
anéis por ano: um entre novembro-dezem—
bro, e outro entre margo-abril. Estas
épocas estao intimamente ligadas ao
periodo de reprodugao. Descreveu-se um
método para a determinagao da idade de
sardinha, tendo sido identificadas clas-
ses etarias de 0 a 3 anos. Verificou-se
tambem a ocorréncia de dois grupos de
peixes dentro de um dado periodo de de-
sova (outubro e margo), que representa-—
riam individuos que nascem no inicio
da estagﬁo de desova, e aqueles que nas-
cem posteriormente; ambos grupos formam
uma classe anual. Os parametros de
crescimento obtidos foram:

classe anual 1982:

L. = 230,99 ]_1_8‘0.7225(“0,21.96)]
HE

classe anual 1983:

L, = 226,09 E_e*0,7194(t+0,3432):\
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