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ABSTRACT

The Brazilian sardine, Sardinella brasiliensis, is a small pelagic clupeid fish distributed primar‑
ily between 22°S and 29°S, where it forms large schools. The species is an important fishery re‑
source and is targeted by purse seine vessels operating in the area. Although an extensive literature 
addresses various characteristics of the species, studies of its morphometry and relative growth 
are scarce. The aim of the present study was to analyze the relative growth based on body and 
otolith morphometry to identify the patterns characterizing the population. Monthly samples 
were obtained during 1985 and 1987, and data on total length, total weight and otolith length, 
height and weight were analyzed. The allometric model of Huxley (y = axb) was fitted seasonally 
and by year, and regressions were compared among seasons and between years. The regression 
coefficient “b” was tested (t‑test) to identify isometry and allometry. A total of 603 sardines, with 
total lengths ranging from 120 mm to 229 mm, were analyzed. The length-weight relationships 
tended to show positive allometry, whereas the total length-otolith measurement relationships 
tended to show negative allometry. The relative growth rates decreased during the year and 
showed the lowest values during spring in association with the peak of the spawning period. In 
contrast, the condition factor (coefficient “a” of the allometric regression) increased gradually 
during the year until spring as a consequence of the increasing weight of the fish due to gonad 
maturation. Comparisons between the years analyzed also show that the fish grew faster during 
the collapse of the stock, in 1987. The methodology used in this study allowed the detection of 
this effect. This study established the historical pattern of relative growth and showed that mor‑
phometry and relative growth offer efficient tools for monitoring the sardine in the study area.
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INTRODUCTION

The Brazilian sardine, Sardinella brasilien‑
sis (Steindachner, 1879) (Teleostei: Clupeidae), is a 

species endemic to the Southeastern Brazilian Bight 
(SEBB), the region between the Cape of São Tomé, 
Rio de Janeiro, and the Cape of Santa Marta Grande, 
in Santa Catarina, although sporadic occurrences are 
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also known from Argentinian waters (Figueiredo & 
Menezes, 1978; Rossi-Wongtschowski et  al., 2009). 
This small pelagic fish forms schools in the neritic 
region to a depth of 100 m (Cergole & Dias Neto, 
2011). It presents a short life cycle, high rates of 
growth and high fecundity. Its life cycle is also influ-
enced by environmental conditions (oceanographic 
and meteorology), food availability and fisheries (Sac-
cardo & Isaac-Nahum, 1985; Isaac-Nahum et  al., 
1988; Rossi-Wongtschowski et al., 1991; Checkley Jr. 
et al., 2009; Dallagnolo et al., 2010).

Sardinella brasiliensis is Brazil’s most important 
fisheries resource. Since the 1970’s catches have pre-
sented strong variations (Cergole & Dias Neto, 2011; 
Instituto de Pesca, 2013; GEP/UNIVALI, 2013). 
Available biomass estimates (Rossi-Wongtschowski 
et  al., 1991; FURG, 2010; Cergole & Dias Neto, 
2011) also reveal substantial fluctuation in its abun-
dance. In order to monitor the sardine stock, spe-
cial governmental programs were developed, such as 
PIEBS in the 1980’s (Integrated Biological Studies of 
Sardine) and after ECOSAR (Prospection and assess-
ment of the biomass of the sardine Sardinella brasil‑
iensis on the Southeastern coast by hydroacoustic 
methods) (Cergole & Dias Neto, 2011).

Due to its economic importance, the sardine 
has been subject of many studies including those 
investigating growth (Braga, 1982; 1987; Rossi-
Wongtschowski et  al., 1982; Vazzoler et  al., 1982; 
1987; Saccardo et  al., 1988; Cergole & Valentini, 
1994; Cergole & Rossi-Wongtschowski, 2005; Fon-
teles-Filho et  al., 2005; Vaz-dos-Santos et  al., 2010; 
Cergole & Dias Neto, 2011).

Huxley (1993)’s classic treatment of the theme 
of relative growth established a conceptual framework 
for the use of size relationships in morphometric stud-
ies. Morphometric relationships are useful for identi-
fying species, in population studies, for quantifying 
fish health and for identifying regional differences 
within species, and are a prerequisite for the study 
of growth and age (Wootton, 1998; Cadrin & Fried-
land, 1999; Swain & Foote, 1999; Lizama & Take-
moto, 2000; Wilson et al., 2009).

The application of morphometry and relative 
growth to otolith development yields a powerful and 
accurate tool by combining the advantages of the al-
lometric model with the study of otoliths, structures 
that are formed during the early development of fish 
(Campana, 2001). Ricker (1975) proposed the ap-
plication of relative growth, the condition factor and 
length-weight relationships to population dynam-
ics and fisheries biology. Subsequently, several stud-
ies have used morphometry and relative growth to 

describe otoliths and fish development (Yamaguti, 
1979; Casselman, 1990; Hunt, 1992; Lombarte & 
Lleonart, 1993; Lidster et  al., 1994; Kerstan, 2000; 
Volpedo & Echeverría, 2001; Aguirre, 2003; Strel-
check et al., 2003; Tuset et al., 2003; Monteiro et al., 
2005; Megalofonou, 2006; Gomiero & Braga, 2007; 
Vaz-dos-Santos et al., 2007; Wilson et al., 2009; Lo-
renzo et al., 2011).

Bervian et  al. (2006) proposed alternatives to 
Huxley’s model for describing relative growth based on 
otoliths, showing the importance of this tool applied to 
fishes. Kristoffersen (2007) reviewed the theme and the 
growth-rate effect related to von Bertalanffy estimates, 
showing the importance of a well-studied otolith-fish 
measurements relationships. Up to the present, only 
Rossi-Wongtschowski et al. (1982) and Vaz-dos-Santos 
et al. (2010) used this methodology to evaluate changes 
in the growth pattern of Sardinella brasiliensis.

The aim of this study was to evaluate the relative 
growth of Sardinella brasiliensis in the 1980’s through 
the use of body and otolith morphometry. This infor-
mation may serve as a reference for future compari-
sons aimed to understand the effects and causes of the 
temporal variation in the stock of S. brasiliensis.

MATERIAL AND METHODS

Sampling and Environmental features

Specimens of S. brasiliensis were obtained from 
commercial landings in the purse seine fishery along 
the continental shelf of the SEBB. Information on 
fishing sites was obtained from logbooks (Fig.  1). 
Monthly samples were obtained from January to De-
cember, 1985, and from January to August, 1987. 
The total length (Lt, mm), total weight (Wt, g) and 
sagittal otoliths were obtained for each specimen. 
The data and materials are stored at the Ichthyologi-
cal Collection of the Sclerochronology Laboratory at 
Universidade Federal do Paraná.

According to Matsuura (1986) and Castro et al. 
(2006), the Southeastern Brazilian Bight is character-
ized by the presence of the Coastal Water (CW), a 
mixture of continental and neritic waters with low 
salinities (< 33.5S); the Tropical Water (TW, > 20°C, 
>  36.4S) predominating in the neritic region; the 
Subtropical Shelf Water (SSW) which is a mixture of 
CW and TW; and the South Atlantic Central Water 
(SACW, 6°C < 20°C, 34S < 36S) closely related to the 
continental slope. Upwellings also contribute to im-
prove the biological productivity, primarily off Cabo 
Frio and at 23°S‑25°S (Braga & Niencheski, 2006).
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In order to assess the environmental conditions 
at the fishing sites, monthly map plots of sea tempera-
ture and salinity at depths (5 to 50 m) were analyzed 
(CARTON-GIESE SODA, 2013). Although data of 
these variables are not available for the entire area in 
the period studied, the presence of the Subtropical 
Shelf Water and some intrusions of cold waters dur-
ing spring and summer, mainly in areas of upwellings 
were identified.

Data analysis

The data were grouped and the analyses were 
conducted seasonally (Summer = January through 
March; Autumn = April through June; Winter = July 
through September; Spring = October through De-
cember). Statistical descriptions of the samples were 
done in terms of total length. A subsampling proce-
dure was used for otolith analysis. In this procedure, 
eight otoliths were selected for each 10  mm length 
class in each season. Otolith length (Lo, mm) and 
height (Ho,  mm) (Fig.  2) were measured with an 
ocular micrometer coupled to an Olympus stereomi-
croscope (2.5x) (Rossi-Wongtschowski et  al., 1982). 
Otolith weight (Wo, g) was measured with an analyti-
cal weighing scale. These data were also described in 
statistic terms.

Morphometric analyses were conducted by fit-
ting the allometric model (y =  axb) to the measure-
ments (Huxley, 1993). Fits were obtained for each 
season by the iterative least squares method. The 
agreement between the models and the data was veri-
fied with the coefficient of determination (r2) and a 

standardized residual analysis (Vieira, 2006; Vaz-dos-
Santos & Rossi-Wongtschowski, 2013). Morphomet-
ric relationships were fitted between Lt × Wt, Lt × Lo, 
Lt × Ho, Lt × Wo, Lo × Ho and Lo × Wo. Only data 
on specimens with total lengths ranging from 120 to 
229 mm were used in these regressions, ensuring the 
comparisons among models (Zar, 2010).

Relative growth was analyzed by testing the 
“b” coefficients of each model against the reference 
values for isometry, beta  =  3 for regressions involv-
ing weight (Lt  ×  Wt, Lt  ×  Wo and Lo  ×  Wo) and 
beta = 1 for regressions involving linear measurements 
(Lt × Lo, Lt × Ho and Lo × Ho) (Quinn II & Deriso, 
1999). A t‑test was used for this analysis (Zar, 2010). 
Regressions were also compared over time to identify 

Figure 1: Fishing sites of purse seine fleet with catches and bio-
logical samples of Sardinella brasiliensis during 1985 and 1987 in 
the Southeastern Brazilian Bight.

Figure 2: Sardinella brasiliensis: sagittal otolith showing axes for otolith length (Lo) and height (Ho) measurements (30x magnification, 
Lo = 1.67 mm).
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differences among fits, by an analysis of covariance 
(Sokal & Rohlf, 1995). The confidence level of 0.95 
was adopted in all statistical analysis.

RESULTS

In 1985, a total of 4,316 individuals of S. brasil‑
iensis were sampled, including 1,032 specimens in 
summer, 1,341 in autumn, 1,053 in winter and 890 
in spring. The total length ranged between 66 and 
258 mm, with an average (and standard deviation) of 
180 ± 28.05 mm (Fig. 3A). In 1987, a total of 1,250 
individuals were sampled, including 283 in summer, 
370 in autumn and 597 in winter. No sampling was 
performed during the spring of 1987. In 1987, the 
total length averaged 163  ±  31.98  mm and ranged 
between 75 and 259 mm (Fig. 3B).

The subsampling procedure resulted in the anal-
ysis of 603 otoliths with length ranging between 2.12 
and 4.00  mm, height between 0.88 and 1.64  mm 
and weight between 0.0004 to 0.0030  g. In 1985, 
350 otoliths presented an average (and standard de-
viation) length of 3.01 ± 0.44 mm, 1.25 ± 0.16 mm 
in height and 0.0015  ±  0.0005  g in weight. Mean 
values of 1987 (n  =  253) were 3.00  ±  0.46  mm in 
length, 1.23 ± 0.16 in height and 0.0014 ± 0.0006 g 
in weight.

A summary of the morphometric analyses, the 
coefficients of the fitted allometric models and the 
results of the relative growth analyses is shown in 
Table 1. Regressions were statistically significant for 
all of the models (P < 0.05 for all regressions). The 
coefficient of determination showed acceptable values 
(0.682 < r2 < 0.994) and the residual analyses did not 
show any trends.

Figure 3: Sardinella brasiliensis: length-frequency distributions of specimens sampled in (A) 1985 (n = 4,316) and (B) 1987 (n = 1,250).
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Comparisons performed among the regressions 
for both years showed significant differences in all 
cases (ANCOVA P  <  0.05), generally related to the 
“b” coefficient, evidencing the acuity of this technique 
in detecting differences when other sources of variabil-
ity were eliminated and/or reduced. Higher values of 
“b” represent higher growth rates, observed mainly in 
1987. The fits presented in Table 1 show that in 1987 
fishes were heavier and otoliths were longer and higher 
than in 1985. Otolith weight varied in a different man-
ner, with heavier sagitta in 1985. Comments about the 
results of each relationship are presented below.

Coefficient “b” for the length-weight relation-
ships varied between 2.99 to 3.37, generally indicat-
ing positive allometry, i.e., weight gain was more pro-
nounced. Lower values of “b” and higher values of “a” 
imply heavier fishes, the opposite being true. These 
regressions presented the best fits, with the highest r2 
values (almost one in some cases). In 1985, “b” val-
ues presented more remarkable differences than in 
1987, but in all cases these differences were significant 
(P < 0.05). The highest value of “a” (0.9 × 10‑6) was 
registered in the spring of 1985.

The relationships involving total length and the 
length and height of otoliths showed high negative 
allometry, with “b” values lower and not close to 1. 
Their values ranged between 0.67 and 0.83 for Lt × Lo 
relationships and 0.42 and 0.80 for Lt × Ho relation-
ships, gradually decreasing from summer to spring in 
1985 and from summer to autumn in 1987. These 
models showed that increment in total (body) length 
was proportionally higher than the otolith growth in 
these two axes, mainly that related to height: sardine 
is a slender fish and it is not expected a conspicuous 
growth on this dimension. Besides, it is important to 
note that lower values of “b” represent lower rates of 
relative growth (“b” values of regressions involving 
Ho were lower). The lowest growth in linear measure-
ments (Lo and Ho) was registered in the spring of 
1985; growth rates were higher in 1987 than in 1985.

Even considering seasonal variations, both years 
presented the same pattern mentioned earlier in rela-
tion to length-weight relationships, a property of the 
allometric model applied: lower “b” and higher “a” 
values result in higher estimates of otolith length and 
height, the dependent variable (y). This pattern also 
applies to Lt  ×  Wo relationships and Lo  ×  Ho and 
Lo × Wo fits of 1985.

The otolith weight showed high negative allom-
etry relative to total length (1.25 < b < 2.54), showing 
that there is no significant growth in another axis that 
should has been analyzed (measured), but it was not. 
If the otoliths had a conspicuous growth in an axis not 

analyzed (due to its tridimensional growth), Lt × Wo 
relationships would revealed this, presenting positive 
allometry. As commented earlier and contrary to the 
other analysis, although smaller in terms of linear 
measurements (Lo, Ho), heavier otoliths were found 
in 1985, an indication of more intensive calcification 
in this year.

In the models of Lo × Ho and Lo × Wo, the “b” 
coefficient ranged between 0.66 and 0.88 and 2.08 
and 2.94, respectively, showing a high level of nega-
tive allometry. These models revealed the intrinsic 
pattern of otolith development. Values of “b” also de-
creased along 1985 and 1987, but the same tendency 
of relationships was observed: in general, in 1985 al-
lometry was more accentuated than in 1987, when 
there were higher rates of growth. These results also 
confirm that length is the main axis of growth in the 
otolith of S. brasiliensis.

DISCUSSION

Our results show that morphometric and rela-
tive growth analyses represent a suitable tool for 
understanding the variability of a fish stock. In par-
ticular, estimates of “b” values for different periods 
may vary in the same species, reflecting intrinsic and 
extrinsic factors influencing the population. Rossi-
Wongtschowski et  al. (1982) and Vaz-dos-Santos 
et al. (2010) also analyzed the relative growth of sar-
dine otoliths and, despite differences in the range of 
total length of the specimens examined by those au-
thors and the present study, the estimates obtained 
among regressions in each study can indicate patterns 
of the species.

Rossi-Wongtschowski et  al. (1982), studied 
specimens of Sardinella brasiliensis caught during 
1977 and 1978, focusing on geographic differences. 
Comparisons of our regressions (Lt × Lo and Lt × Wo) 
with those of these authors revealed a tendency of re-
duction in otolith relative growth in the present study, 
although its intrinsic pattern (Lo × Ho and Lo × Wo) 
of development was maintained. These results are in 
accordance with the scenario of the earlier 1980’s, 
when sardine presented a gradual reduction in land-
ing (Cergole & Dias Neto, 2011).

Contrary to Vaz-dos-Santos et  al. (2010) that 
showed a reduction in relative growth of Sardinella 
brasiliensis during January-February (based on data 
from 2008), the results of the present study showed a 
decrease in relative growth of the species during spring 
(October to December) in all variables investigated. 
This difference may be related with reproduction 
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since the spawning peak of S. brasiliensis occurs dur-
ing spring, continuing in the summer (cf. Cergole & 
Dias Neto, 2011). Although “b” values typically de-
crease during spring, the values of the coefficient “a” 
increase. This outcome is not simply a mathematical 
effect, as previously suggested by Braga (1997), but 
reflects the life cycle of the species, as showed in the 
results and discussed as follow.

Our results also show that there is an increase 
in individual weight resulting from gonad matura-
tion (Braga, 1997), also documented for Sardinella 
brasiliensis by several authors (Vazzoler & Rossi-
Wongtschowski, 1976; Rossi-Wongtschowski, 1977; 
Isaac-Nahum et  al., 1983, 1988; Matsuura et  al., 
1992, Matsuura, 1998). The coefficient “a” can be 
identified as the allometric condition factor (Braga, 

Table 1: Sardinella brasiliensis: regression analyses (“a” and “b” regression coefficients of allometric model, r² = coefficient of determina-
tion) and relative growth analysis (“t” = t‑test statistic, P = probability value of t‑test, n = number of observations) by year and season (Su = 
Summer, Au = Autumn, Wi = Winter, Sp = Spring). Lt and Wt are length and weight of specimens, respectively. Lo, Ho and Wo are otolith 
length, height and weight, respectively.

Variables Year Season
Allometric model Relative Growth

n
a b r² “t” P

Lt × Wt 1985 Su 0.1 × 10‑6 3.37 0.990 10.02 < 0.05 88
Au 0.2 × 10‑6 3.25 0.986 6.16 < 0.05 88
Wi 0.3 × 10‑6 3.17 0.981 3.58 < 0.05 87
Sp 0.9 × 10‑6 2.99 0.958 ‑0.18 0.43 87

1987 Su 0.3 × 10‑6 3.20 0.994 7.11 < 0.05 88
Au 0.2 × 10‑6 3.24 0.991 7.24 < 0.05 88
Wi 0.2 × 10‑6 3.26 0.983 5.17 < 0.05 77

Lt × Lo 1985 Su 0.0430 0.82 0.907 ‑6.18 < 0.05 85
Au 0.0506 0.79 0.912 ‑7.86 < 0.05 87
Wi 0.0508 0.79 0.938 ‑9.08 < 0.05 81
Sp 0.0935 0.67 0.893 ‑12.57 < 0.05 81

1987 Su 0.0414 0.83 0.939 ‑0.03 0.49 81
Au 0.0445 0.82 0.952 ‑9.08 < 0.05 86
Wi 0.0543 0.78 0.943 ‑9.89 < 0.05 74

Lt × Ho 1985 Su 0.0200 0.80 0.859 ‑5.82 < 0.05 87
Au 0.0540 0.61 0.810 ‑12.14 < 0.05 83
Wi 0.0767 0.54 0.816 ‑16.07 < 0.05 84
Sp 0.1441 0.42 0.709 ‑19.40 < 0.05 83

1987 Su 0.0270 0.74 0.889 ‑8.66 < 0.05 80
Au 0.0392 0.67 0.863 ‑11.42 < 0.05 88
Wi 0.0603 0.59 0.892 ‑17.11 < 0.05 73

Lt × Wo 1985 Su 0.3 × 10‑9 2.54 0.826 ‑3.45 < 0.05 79
Au 0.9 × 10‑8 1.86 0.831 ‑11.79 < 0.05 77
Wi 0.1 × 10‑7 1.80 0.895 ‑17.25 < 0.05 81
Sp 0.2 × 10‑6 1.25 0.682 ‑18.80 < 0.05 85

1987 Su 0.1 × 10‑8 2.26 0.913 ‑9.21 < 0.05 79
Au 0.1 × 10‑8 2.25 0.877 ‑8.24 < 0.05 87
Wi 0.3 × 10‑8 2.07 0.901 ‑11.32 < 0.05 71

Lo × Ho 1985 Su 0.4657 0.88 0.813 ‑2.64 < 0.05 87
Au 0.5290 0.77 0.833 ‑6.19 < 0.05 84
Wi 0.5957 0.68 0.856 ‑10.12 < 0.05 82
Sp 0.6112 0.66 0.808 ‑9.58 < 0.05 82

1987 Su 0.4836 0.86 0.876 ‑58.81 < 0.05 81
Au 0.3610 0.82 0.891 ‑5.81 < 0.05 86
Wi 0.5571 0.73 0.882 ‑8.36 < 0.05 72

Lo × Wo 1985 Su 0.5 × 10‑5 2.94 0.847 ‑0.42 0.33 81
Au 0.1 × 10‑4 2.41 0.883 ‑5.74 < 0.05 76
Wi 0.1 × 10‑4 2.27 0.929 ‑10.35 < 0.05 81
Sp 0.2 × 10‑4 2.08 0.870 ‑10.20 < 0.05 81

1987 Su 0.7 × 10‑5 2.70 0.905 ‑3.02 < 0.05 80
Au 0.6 × 10‑5 2.78 0.926 ‑2.50 < 0.05 81
Wi 0.9 × 10‑5 2.45 0.872 ‑5.00 < 0.05 75
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1986; 1997), reflecting the welfare of the stock, and 
is consistent with an increase in their values during 
the year in the summer and in the spring. The condi-
tion factor is sensitive to seasonal oscillations (Bolger 
& Connolly, 1989). The simultaneous decrease of the 
“b” values indicates a proportional decrease in somatic 
growth (once “b” is a growth rate), supported by age 
and growth studies, because one period of ring forma-
tion in otoliths is November-December, a period also 
related to spawning (Saccardo et al., 1988).

These comments can be also applied to the re-
lationships between total length and otolith measure-
ments. As demonstrated by our results, higher “b” val-
ues are related to smaller otoliths, which are present in 
the summer, when an additional ring forms in the oto-
liths in association with the extensive spawning that 
began in the spring (Saccardo et  al., 1988). As only 
one cohort is produced per year, adult ring formation 
in otoliths is related to the beginning and to the end of 
the spawning peak (Cergole & Valentini, 1994).

Regressions between otolith measurements 
describe the development of the otolith. Sardines, 
including S.  brasiliensis, have a long, slender body. 
Otolith development reflects this pattern. The growth 
of the otolith in length is more pronounced than in 
height, consistent with the body shape. The morphol-
ogy of the sardine sagitta also confirms this pattern 
(Lemos et al., 1995).

Food availability also plays a role in the life cycle 
of S. brasiliensis. It has been known since the 1950’s 
that this species is a suspension feeder that eats phyto-
plankton (diatoms, dinoflagellates) and zooplankton 
(copepods) (Montes, 1953). The diet varies accord-
ing to prey availability, which is conditioned by area 
and season (Goitein, 1978; Schneider & Schwingel, 
1999; Kurtz & Matsuura, 2001). The productivity 
of the SEBB affects the development of the fish, pri-
marily in the larval phase (Matsuura, 1996; Jablonski 
& Legey, 2004, 2005; Gigliotti et al., 2010, Moraes 
et  al., 2012). Productivity is more pronounced pri-
marily during spring and summer, consistent with our 
results and environmental conditions (CARTON-
GIESE SODA, 2013).

Given that the population dynamics of S. brasil‑
iensis explains the variation in morphometry and in 
the pattern of relative growth, how are these effects 
expressed by the entire stock? Literature on the theme 
allows describing the following scenario of 1980’s:

The sardine stock was in equilibrium in 1985, as 
stated by Cergole (1995) based on virtual population 
analysis (VPA, sensu Sparre & Venema, 1998). Accord-
ing to Cergole (1995) a period of decline (collapse) of 
the sardine stock began in 1986 and continued until 

1990. Matsuura et  al. (1992) also report high mor-
tality rates of sardine larvae in 1986. The collapse of 
the stock in 1987, caused by environmental features 
and overfishing, resulted in decreased recruitment 
(Matsuura, 1998; Schwartzlose et  al., 1999). Bio-
mass in 1985 was estimated at 776,000 t and spawn-
ing biomass at 317,000 t. In 1987, these values were 
400,000 t and 177,000 t, respectively (Cergole et al., 
2002). During these two years, the total landings were 
123,961 and 91,797 t, respectively.

All of these factors affect individual body length 
and weight (Wootton, 1998; Cergole et al., 2002) and 
consequently, otolith development, as demonstrated 
here. The models fitted for both study periods illus-
trate these patterns of variation. It is well known that 
a decrease in total biomass increases the availability of 
food per individual, favoring individual development. 
In 1987, the length-weight relationships showed that 
the fish were heavier and that the otoliths were grow-
ing more rapidly than in 1985, clearly indicating the 
results of the decrease in the stock. Remaining as a 
conjecture, this fact would explain the otolith weight 
variations in both years: a fast growth (in 1987) would 
imply in a less rate of calcification. But this is a hy-
pothesis for another study.

In this study the biological plasticity of Sardinel‑
la brasiliensis was reinforced. Such plasticity, shown by 
the species over a short period of time, is well known 
and it has also been detected in the form of a recent 
decrease in the length at first maturation and an earlier 
initiation of spawning (Cergole & Dias Neto, 2011).

Morphometry and relative growth are useful for 
monitoring the sardine in the SEBB, given that our 
results show that the development of the body and the 
otolith accompany changes in the other indicators of 
stock health. Moreover, these methodologies are easy, 
inexpensive, rapid and practical to apply.

CONCLUSIONS

The present study showed that morphometry 
and relative growth are highly efficient tools for moni-
toring S. brasiliensis. The use of historical data related 
to two distinct phases of the stock (equilibrium in 
1985 and collapse in 1987) identified a pattern that 
can serve as a reference for the species. Life cycle of 
sardine affects and explains seasonal and inter-annual 
variations in the attributes analyzed. It is recommend-
ed that the same protocol applied here (total length 
range, number of individuals) be used for other com-
parisons, allowing a proper diagnosis of the status of 
the stock of S. brasiliensis in the area.

Arquivos de Zoologia, 45(esp.), 2014 	 69



RESUMO

A sardinha-verdadeira, Sardinella brasiliensis, é um pe‑
queno clupeídeo pelágico distribuído entre 22°S e 29°S, 
onde forma grandes cardumes. É um importante recurso 
pesqueiro capturado pelas frotas de cerco (traineiras) atu‑
antes nesta área. Embora seja uma espécie amplamente 
estudada sob vários aspectos, poucos são os estudos que 
tratam de morfometria e crescimento relativo. O objetivo 
do presente estudo foi analisar o crescimento relativo com 
base em morfometria corporal e de otólitos, identificando 
padrões e caracterizando a população. Amostragens men‑
sais foram realizadas em 1985 e 1987, sendo obtidos 
dados de comprimento total, peso e comprimento, altu‑
ra e peso de otólitos. Estes dados foram analisados com 
a aplicação do modelo alométrico de Huxley (y = axb), 
sazonalmente e em cada ano, sendo as regressões obtidas 
comparadas entre si. O coeficiente “b” foi testado (teste t) 
quanto à isometria/alometria. Um total de 603 exem‑
plares com comprimento total entre 120 mm e 229 mm 
foi analisado. As relações comprimento-peso tenderam a 
apresentar alometria positiva, enquanto que as relações 
entre o comprimento total e as medidas dos otólitos tende‑
ram à alometria negativa. As taxas de crescimento relati‑
vo diminuíram ao longo do ano, com os menores valores 
na primavera, quando há o pico de desova da espécie. 
Em contrapartida, o fator de condição (coeficiente “a” 
dos modelos alométricos) aumentou paulatinamente até 
a primavera, consequência do ganho de peso em função 
da maturação gonadal. Comparações realizadas entre 
1985 e 1987 mostram que o crescimento foi mais rápido 
durante o período de colapso do estoque, em 1987. A me‑
todologia utilizada permitiu a detecção destas variações. 
Neste estudo foi estabelecido um padrão histórico para o 
crescimento relativo da sardinha-verdadeira, evidencian‑
do que as técnicas empregadas são úteis para avaliar a 
espécie na área de estudo.

Palavras-Chave: Otólitos; Sagitta; Modelo alométri-
co; Condição populacional.
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