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ABSTRACT

Age and growth of the king macker&bqomberomorus cava)lavere estimated for northeastern
Brazil. A total of 405 sagittal otoliths from 140ates (24.4-112 cm), 73 females (28-114.8 cm) and
193 specimens of unknown sex (11.5-121 cm) wermied. Marginal increment analysis indicated
an annual pattern for growth band deposition. Tye easses ranged from 1 to 15 years. Length
ranged from 11.5 to 121 cm. The Schnute model atdit that the von Bertalanffy growth model
demonstrated the best adjustment, witti/b, and was therefore used for estimating gro®ttk-
calculated curves had smaller varianggging the following estimated growth parametensif@les:
L,=116.8 cmK = 0.190,t,= 0.377; and female§:,= 132.7 cmK = 0.159 and, = 0.387. In order to
compare the curves for males and females, the apygirilg of 95% confidence intervals was
performed for the parameters generated from theBemalanffy non-linear least square method.
Specimens between 3 and 8 years of age repres82te®h (n=5,783) of the catch composition,
characterizing the species as a catchable statleiregion.

Resumo

A idade e o crescimento da King macker@tdmberomorus cava)ldoram estimadosia regido
nordeste do Brasil. Foram analisados 405 otdliagita, sendo 140 machos (24,4-112 cm), 73
fémeas (28-114,8 cm) e 193 exemplares com sexdemmi@ado (11,5-121 cm). A analise do
incremento marginal indicou um padréo anual na sigfo das bandas de crescimento. As classes de
idade variaram entre 1 e 15 anos e os comprimeietdd,5 a 121 cm. O modelo de Schnute indicou
gue o melhor ajuste € apresentado pelo modelomi8edalanffy conp=1/b, sendo, entao, utilizado
para as estimativas de crescimento. As curvascedtwladas apresentaram as menores variancias e
os parametros de crescimento foram estimados pachasL., = 116,8 cmK = 0,190,t, = 0,37;

para fémead:..,= 132,7 cmK = 0,159 &,= 0,387. Para comparacgéo das curvas de machoeadém
foram construidas regides de confianca de 95%qsmparametros gerados pelo método de minimos
quadrados néo linear de von Bertalanffy. Exemplaese 3 e 8 anos representaram 82,2%
;85%383) da composicdo das capturas, caractenzassim, o estoque capturdvel da espécie na

Descriptors: Scomberomorus cavaljl&ing mackerel; Age and growth.
DescritoresScomberomorus cavallaavala; Idade e crescimento.

|NTRODUCT|ON 13,546 t (FAO, 2007) Between 1976 and 2004, the
weight landed in northeastern Brazil (from the stite
In a recent sampling program of landingspiaui to the state of Bahia) rose from 10.9% to 29%
from artisanal fisheries in northeastern Brazil, kv (mean=19.4%) of the total catch throughout itsrenti
mackerel $comberomorus cavallaCuvier, 1829) area of occurrence (SUDEPE, 1976 to 1979
accounted for 8.6% of the total recorded weigh{SUDEPE, 1979); IBGE, 1980 to 1989 (IBGE, 1989);
(LESSA, 2006), representing the fourth largesf{iBAMA, 1990-2004) (Fig. 1). The states of Ceara
regional fishing resource in terms of economlql 579 t) and Bahia (541 t) contributed the largest
importance (NOBREGA; LESSA, 2007). The speciesolumes in the northeastern region, accounting for
occurs from the Atlantic coast of Massachusett§9e, and 20.2% of the overall catch, respectively
(USA) down to Rio de Janeiro (Brazil) (COLLETE; (IBAMA, 2004). TheS. cavallais also a major fishing
NAUEN, 1983), living in the epipelagic zone, mainly resource in Trinidad (STURM; SALTER, 1990),
over the continental shelf. Venezuela (GRIFFITHS, 1971), the Gulf of Mexico

From 1950 to 2004 (Fig. 1), catches ®f (ARREGUIN-SANCHEZ, 1995) and off the US coast
cavallain its area of distribution rose from 4,743 t to
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(FINUCANE et al., 1986; COLLINS et al.,, 1989; and promote sustainable stock exploitation
Gold et al., 2002). (LONGHURST; PAULY, 1987). The growth
The economic importance of the king parameters of a species may present different vatue
mackerel in its area of distribution has led tcamyé distinct parts of its area of occurrence (SPARRE;
number of studies oits growth, the identification of VENEMA, 1997).
stock units (BEAUMARIAGE, 1973: XIMENES et The production of a fish stock (discounting
al., 1978; JOHNSON et al., 1983; MANOOCH et al.immigration and emigration) is a mixture of the
1987; COLLINS et al.,, 1989; STURM; SALTER, recruitment of new specimens to the population and
1990; ARREGUIN-SANCHEZ et al., 1995; individual growth. Thus, there is a large volume of
DEVRIES; GRIMES, 1997; DEVRIES et al., 2002), literature that addresses individual growth in the
reproduction (IVO, 1972; BEAUMARIAGE, 1973; ecology of fisheries (HADDON, 2001). Regarding this
GESTEIRA; MESQUITA, 1976; FINUCANEet al, literature, a number of models involve growth curve
1986; STURM; SALTER, 1990), mortality rates andestimates based on age and length data, such as the
exploitation status (FONTELES-FILHO, 1988; Putter, von Bertalanffy, Richards, Gompertz, logijstic
JOHNSON et a) 1983; AGUILAR-SALAZAR, 1991; linear, quadratic and exponential models RICKER,
ARREGUIN-SANCHEZ et a] 1995; LESSA etl., 1975). Besides this diversity of models, othershag
2004). those proposed by Walford (1946), Fabens (1965) and
In northeastern Brazi§. cavallais exploited Allen (1966), are generally used to estimate von
especially by the artisanal fleet, betwebe 20 and Bertalanffy growth parameters (SCHNUTE, 1981).
200 m isobaths, catches undertaken with surfaes lin In the present study, we use the Schnute
predominating (90.8%) and, in a lesser proportiongrowth model (1981) to estimate four parameters, th
those with gillnets (9.2%), with the largest voliame parametric properties of which allothe systematic
being landed between January and April (LESSAselection ofan appropriate growth model for data on
2006). Lessa et al. (2004) assessed the explaitatithe age (readings of rings in whole otoliths) aizé sf
status of the stock and estimated a mean annudl cavallaspecimens caught off northeastern Brazil.
biomass of 12,742 t for a mean yield of 3,307 tfyea Through the model indicated as the most appropriate
indicating that, despite being underexploited,dtock  we establish growth curves (for separate and cosabin
is near its maximal exploitation limit. sexes) and the age structure of the species, thereb
Age determination by means of growthcontributing essential information (growth paramgte
bands is the most valuable means of obtaining ther future assessments of exploitation levels and
information used in virtual analyses of populatiansl ~ sustainable catch rates for this important fishery
catch curves (HILBORN; WALTERS, 1992). Theseresource in the region.
estimates permit the adoption of management pslicie
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Fig. 1. Weight ofS. cavallalanded between 1950 and 2004 throughout entir @frélistribution and off northeastern Brazil
between 1976 and 2004.
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MATERIALS AND M ETHODS different readers with no previous knowledge of the
individual’'s size or the other reading. Inter-exaeri
Sampling agreement on the age of whole otoliths was caledlat

using the average percentage error (1) described by
On the basis of daily samplings, the lengthBeamish and Fournier (1981). Marginal increment

(FL, cm) and weight (TW, g) of 7,019 specimensof analysis was performed to determine the periodizfity
cavalla caught with hand-lines and nets by thegrowth band formation, using the equatiqR)
artisanal fleet, between January 1998 and Aprill200 proposed by Cadvallader (1978):
and landed in northeastern Brazil, were recordeé. Th
fishing areas had depths of 4 to 216 m (mean=63.2 _1 1 _ 1
SD=31.5 m), with the distance from shore ranginrg;)'\l:’E_ﬁz(ﬁquij X"‘Xj)j'loo @
from 1.37 to 68.65 Km (mean=22.2 Km; SD=14.6
Km) (Fig. 2). Inthe monthly samplings, otoliths were in which N = the number of fish age® = the number
collected from_ 48_1 specimens; gonads were analyzegd readings; X = the mean age ofj thfish at the
for the determination of gender. i

i"reading; andx = the mean age calculated for the

Age determination .
9 j"fish, and

The right otolith of each pair was examined

whole in vegetable oil on a black background under _
g J [OR " j.lOO @

transmitted light. Otoliths were classified intoeag PMI =
groups based on the number of translucent bands.
Distances from the nucleus to the edge (otolitusad

OR) and between translucent bands were measursdWwhich, OR = otolith radius;r, = distance between
(Fig. 3) with a stereoscopic microscope equippeti wi otolith nucleus and the last band; and = distance
ocular micrometer at 10x magnification (1 micromete between otolith nucleus and the penultimate band.
unit = 1 mm). The otoliths were examined by two
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Mean backcalculated and observed lengths were
Anterior compared and subsequently tested by analysis of
covariance § = 005) in order to determine whether
there were differences between these two methods as
well as to validate the growth marks in the otalith

L =(s/s.) L, ®3)

in which L; = the back-calculated length at last afe;

Nucleus SRVGtEl = otolith radius at the time of the last bai®l;= the
Dorse otolith radius at capturé;. = the length at capture; and
b = the slope coefficient of the relationship between
OR and FL (multiplicative relationship for combined
sexes).

Estimation of Growth Parameters

In order to determine which growth model
had the best adjustment to lengths and ages ofsmale
females and combined sexes, the growth equation
formulated by Schnute (1981) was employed, using

2mm Posterior

Fig. 3. Characteristics of whole otoliths

from king mackerel observed under the nonlinear least squares methods (4). Relative
transmitted light for age determination. growth rates; andz, were also calculated (5 and 6), in
Male specimen, five years of age, accordance with the same author.

measuring 63 cm FL (OR = otolith radius;
® = translucent bands).

11— grali-n) TP )
L= |:y1b + (yZb -y )1—(3'3(’2"1)}

To determine whether the periodicity of the
bands reveals a similar pattern between adults and
juveniles, marginal increment analysis was made ((y," - v,")/b)en

separately for groups with 1 to 4 bands (juvenites) 2, =——— o 5 ®)
5 to 15 bands (adults), using the maturity scale ((€7°7 —e™%)/a).y,

proposed by Gesteira and Mesquita (1976). Marginal

increment analyses for juveniles and adults westete ((y b _ y b)/b)_e—arz 6
with one-way fixed-effects analysis of variancez, =——%+—= ®)

-ar, _ -an b
(o = 005). Tukey's studentized range (HSD) test was  ((& e)/a)y,

used fora posterioricomparisons = 005).
in which L, is predicted length at age 7, = first

Backcalculation specified agey, = second specified age;= constant

relative rate of relative growth ratb;= incremental

Linear and multiplicative correlations . - )
elative rate of relative growth ratg;, = size at age,,

between OR and FL were calculated for maled

females and combined sexes, determining the, = size at ager,; z = relative growth rate at age

adjustment to. normal dlstlrlbutlor? compargd byT1;22= relative growth rate at age, .

analysis of variance. The residual dispersion diangr

determination coefficient an& value (Fisher) were Growth parameters were also calculated for
separate and combined sexes, using the von

used to find the regression model best adjustdtieo ; o LTI
data. Analysis of covariancer(= 005) was applied Bertalanffy equation, wittp=1/b (7), with individual

: bserved lengths and back-calculated lengths to the
tr:])afé)sm;)nadrefe(r;:)&:lrgéatlons between the OR and FL ast band of each specimen (Francis, 1990). The

Measurementsf the distancebetween the g]etlr(md IWItIh thée best a(:]Justmebnt todthe d?\ta (daadt _
otolith nucleus and the labaind were back-calculated ?C ~calcu ate gl wc?s chosen fashe on.(; elcompsrlson
using the Monastyrsky equation (3) for the bod)P. varances and a justments of the residuals tma
proportionality hypothesis (BPHFRANCIS, 1990). distribution.
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L =L (1_e—k(t—to))1/b (7) areas of occurrences was tested using the
© Kolmogorov-Smirnov testdq = 005).

in which L, is predicted length at age L, = mean
asymptotic fork lengthk = growth rate constant,= ¢ = 109;, K +2log,, L, ©)
the age when length is theoretically zerb; =

incremental relative rate of relative growth rate. A distribution of age structure for the entire

sample was established. The inverted von Bertaglanff
growth curve was used to estimate the longevit$.of
cavallain northeastern Brazil.

Growth parameters for back-calculated

Data Analysis

lengths of males and females were compared by the ResuLts

overlapping of 95% confidence intervals, using lthe

dimensional normal distribution model described by Length Frequency

Kimura (1980) and Cerrato (1990). In order to

compare estimated growth parameters of males and Length ranged from 11.5 to 136 cm FL for

females, Hotelling’sT? test (CERRATO, 1990) was the entire sample (n=7,019) (mean=73.8 cm;
applied (8) and its graphic representation wa$DP=18.13 cm). The smallest specimens occurred in
demonstrated using overlapping 95% confidencEebruary, April, June and August, whereas the &rge
intervals for differences between the vectors ofccurred in August and September (Fig. 4). Female

parameters.,, andK. and male lengths ranged from 28 to 127 cm
(mean=63.9 cm; SD=23.9 cm) and 24.4 to 126 cm
L L (mean=66.9 cm; SD=21.18), respectively. There was
ermaez( “J and 0 aie :( ”J ® o significant difference between males and females
K K regarding length (ANOVA; P=0.28) (Fig. 5).
0 =0 emae = Ormae H,:0=0 H,=0%0 Age Determination

A total of 84.2% (n=405) of the collected

The ¢ parameter (PAULY; MUNRO, iths (n=481) were used for the growth study7@s
1984) — which expresses growth performance anetoliths were broken and not suitable for
allows the determination dfiow environmental and measurements or band counts. Of the 405 otoliths
latitudinal differences cause changes in growtlesrat used, 140 were male (24.4-112 cm), fégale (28-
(K) and, consequently, changes in asymptotic length14.8 cm) and 193 specimens were of undetermined
(L) for a given species — was estimated (9) for theex (11.5-121 cm).
growth parameters (von Bertalanffy) establishethi The number of translucent bands in the
present study for males, females and combined sexesoliths ranged from 1 to 15, with size estimates
The estimated parameters within the same area amahging from 11.5 to 121 cm FL. The average
other areas ofS. cavalla distribution were then percentage error between the two readers ranged fro
compared. The adjustment to normal distribution 00% to 15.9% on 1 to 15 bands, with an APE of 8.96%

the frequencies of th& parameter for the different for the entire sample.
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Fig. 4. Frequency distribution of monthly lengtlgsouped years) db. cavallaoff northeastern Brazil.
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multiplicative regression model (Table 1 - Fig. .7a)

- There were no significant gender differences in OR

® Male n =714 and FL correlations (ANCOVA; P=0.10). Mean
12 O Female n =225 observed and backcalculated lengths for the ages
exhibited similarities (Fig. 7b), with no significa
10 differences (ANCOVA; P=0.13). These findings

g gl indicate that the bands interpreted on the otolitlay
g be used to estimate growth and establish the age
g 6 structure of theS. cavalla caught off northeastern
i Brazil.
4
2]
30T -.-m...mean
0 *é 25 | 14
20 30 40 50 60 70 80 90 100 110 120 130 g 11
S 12
Fork length (cm) % 20 - 52 14
Fig. 5. Frequency distribution of male and femalegths of R 30
king mackerel off northeastern Brazil é 0l * 4 5
The relative marginal increment for the § s ® Ik * \
juvenile group had the smallest values from Novambe 1 * 4
to March (Fig. 6a), suggesting the formation of 0 ey byt
translucent bands in this period. There was & a J FM AM J J A S O N D
significant difference in mean increments throughou 30T e mean
the year (P<0.05) and thpost-hoc test indicated 5 s 17
significant differences in November, December, §
January, February and March in relation to theothe 2 20 | 2
months. Marginal increment for the adult group had é
the smallest values between September and Apgl (Fi g B L6 26 s 8 , 4
6b), also with significant differences in monthly 101 73 24 7 + 2 3
means (P<0.05); thpost-hoctest demonstrated that § ’
the monthly means of June, Juyd August were ST *# l l
statistically different from those of the remaining o+ by by by Lo
months. Based on these results, an annual pattel J FMAMUJ J A S OND

b
extending from September to April was considered fo Months
the deposition of growth bands in the region.

Backcalculation Fig. 6. Relative marginal increment with minimalaximal
Correlations between OR and F and mean values (standard error) for young specimens (a)

demonstrated the best adjustments to thaend adults (b) o8. cavallaoff northeastern Brazil.

Table 1. Linear and multiplicative relationshiptieeen otolith radius (OR) and fork length (FL) feexes both
separately and combined, tested through ANOVA.

Sex Model Relationship n F P ?
Female Linear FL=17.6040R-16.312 73 1,121 P<0.01 940.
Male Linear FL=17.7550R-15.945 140 2,921 P<0.01 58.9
Combined Linear FL=17.6880R-15.442 405 10,744 Pk0.0 0.964
Female Multiplicative FL=8.83290f% 73 1,222 P<0.01 0.945
Male Multiplicative FL=8.78130R¥%® 140 3,437 P<0.01 0.961

Combined Multiplicative FL=8.34210R** 405 13,181 P<0.01  0.970
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o Otolith radius
Model

n=405
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Fig. 7. Relationship between OR and FL (combinecese
showing adjusted multiplicative model (a); mean esbed
and backcalculated lengths (b) Brcavalaat different catch
ages (combined sexes).

Growth Parameters

Absolute ages were calculated

taking

The growth model proposed by Schnute (1981)
estimated values of a > 0 and_Hl>for separated and
combined sexes in the northeastern region (Tahle 2)
which indicatesthat the most suitable model for
describing the growth of the species is that of von
Bertalanffy, specialized with p=i/Moreover, growth

rates &, z) for = and 2 exhibited wide variation,
indicating an extremely high increase in the ages

established for’s and very low increase for older

specimens 1), with a being an estimate of relative
constant growth rate (Table 2).

Growth curves established for combined and
separate sexes demonstrate that the estimates
generated for back-calculated lengths obtainedénigh
determination coefficients, lower variances anddvet
adjustments of the residuals to normal distribytion
whether using the Schnute model (Table 2) or the vo
Bertalanffy equation (Table 3Jhelatter method was,
therefore, used to describe the growttBofcavallain
northeastern Brazil. Growth parameters estimated for
males (Table 3) indicated a higher growth rate
compared to females and exhibited a smalle(Fig.

8), whereas females had a higher(Table 3).

Data Analysis

The overlapping of confidence intervals for
males and females indicate no significant diffeesnc
between these curves (Fig. 9a). These confidence
intervals provide a measure for the variability of
estimated parameters through the von Bertalanffy
nonlinear least squares method, generating the
following estimates of intervals for femaleg:,
(118.33 - 147.06 cm)K (0.133 - 0.183 yed) and for
males: L, (106.39 - 127.20 cm) K (0.164 - 0.215
year?).

January as the month when the species changegits a

Table 2. Growth parameters calculated from obseterdths (OL) and back-calculated (BC) lengthsngistchnute model
(1981). r, = first specified ager, = second specified ageg = constant relative rate of relative growth rdtes incremental

relative rate of relative growth ratgj, = size at ager,, y, = size at ager, ; z = relative growth rate at agg; z = relative

growth rate at age, (S— variancer? - coefficient of determination).

Methods  Sex n Vi Ya a b I 7, b2 b2 S r?

oL Male 140 20.04 10755 0.143 1.020 1.25 13.9 3.240.037 26.64 0.939
Female 73 32.9 118.37 0.170 0.993 2.25 13.9 0.872034 41.35 0.924
combined 405 1537 11569 0.139 1.018 1 15.5 2.31040 31.61 0.949

BC Male 140 12.27 104.32 0.170 1.022 1 13 2.926 43.0 23.03 0.953
Female 73 26.5 111.16 0.115 1.038 2 13 0.355 0.023.84 0.957
combined 405 13.02 109.3 0.151 1.026 1 15 3.1230430 21.03 0.970
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Table 3. Von Bertalanffy growth parameters cal@dafrom observed lengths (OL) and back-calculaB@) (engths of king
mackerel collected off northeastern Brazil (SEndtad error; CV - coefficient of variatior?: - coefficient of determination).
Methods Sex n Linf SE CcVv K (lyear) SE CcVv t, (year) SE Ccv f
oL Male 140 (](.:]r.n8).6 7.300 0.061 0.171 0.021 0.128 9®.0 0.129 1.319 0.939
Female 73 141.2 12.75 0.090 0.129 0.022 0.176 00.18 0.215 1.192 0.935
combined 405 124.9 3.435 0.027 0.165 0.009 0.060 .2700 0.075 0.277 0.935
BC Male 140 116.8 6.500 0.056 0.190 0.020 0.110 70.3 0.085 0.226 0.952
Female 73 132.7 8.507 0.064 0.159 0.02  0.127 0.3870.127 0.328 0.957
combined 405 123.9 2.395 0.019 0.171 0.007  0.0390.302 0.041 0.137 0.969

Fork length (cm)

K (year-1)

Fig. 8. Von Bertalanffy growth curves using back-
calculated lengths fofs. cavallacollected off northeast

Brazil.
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Fig. 9. Cross sections of approximate 95% confidemgions around least squares estimdtgsK) for growth
parameters of males and femal@g 95% confidence intervals calculated by théediince between the vectors of
the growth parameterk.( K) (T? of Hotelling) for females and malg®) of S. cavallaoff northeastern Brazil.
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On the other hand, Hotteling® test and males have an approximate longevity of 32 and 26
95% confidence intervals calculated for differenceyears, respectively.
between the vectors of the growth parametegs K)

of females and males demonstrated significant Discussion
differences '('2 = 455.74;F = 226.79 d.f = 3.03;
P<0.001)for growth between sexes. The test result is Whole otoliths ofS. cavallawere used in the

sho_vvngraphically in Figure 9b, in which the poiﬂ'@ present study, as they offered good visibility bé t

(9=0) stands out from the constructed confidencands (Fig. 3) and an acceptable average peraemt er

{0#0) (8.96%) between readings (CAMPANA, 2001). This

o APE reflects a moderately high level of precision i

¢

- The distribution of the™ parameter had otolith readings and indicates that the aging paito

similar values over the whole area of occurrenc%ldopted is replicable. According to Campana and

(Table 4), rev_eal!ng_ a similar growth_ paltt@fm.]ones (1992), measures of percent agreement vary

throughout the distribution (S_. ce_lval!a(mean—3.423, substantially both among species and among ages

gﬁwl_rngvog?:)o ?gg) (r;(i)rmf(lJa()jlstnbutlon (K°|m°gorovwithin a species. Beamish and Fournier (1981) state
U;inl the % e-Ieﬁ th kev for all the that 95% agreement to within one year between two

SpECImens ar?al zed ingthe ?owth s%/ud (n=405) thage readers of the Pacific ca@adus macrocephalyis

P y ne g y (= + Monstitutes poor precision, given the few claseahe

age structure for the ennre sample was calculaied, fishery, but 95% agreement within five years would

the total of which specimens between 3 and 8 yefars constitute good precision for the spiny dogfish

age represented 82.2% (Fig. 10b). According to th A N .
egtimatped parameters f(;)r( segparate) sexes fer?wadbs nqualus acanthigsgiven its sixty-year longevity.

interval

Table 4. Parameters of von Bertalanffy growth eiguafior king mackerel$. cavalld. L, in fork length;@ * growth index of
performance from Pauly and Munro (1984); M=malesefales; B=both sexes combined.

Area L, K(lyear) to(year) ¢ Sex Source

NE Brazil 116 0.180 0.22 3.38 M Nomura and Rodeigyud 967
137 0.150 0.13 3.45 F
141.2 0.140 0.14 3.45 B

NE Brazil 113.3 0.229 15 3.47 M Ximenes et 8978
131.7 0.164 2 3.45 F
124.9 0.185 1.8 3.46 B

Florida (USA) 111 0.208 1.48 341 M Manooch et 087
142 0.136 1.98 3.44 F
148 0.115 2.36 3.40 B

Trinidad 112.3 0.180 -1.79 3.36 M Sturm and Saltego
140.1 0.150 -1.52 3.47 F

Atlantic ocean (USA) 96.4 0.262 -1.98 3.39 M De¥rand Grimes, 1997
126.7 0.145 -3.15 3.37 F

E. Gulf of Mexico 102.6 0.247 -1.84 341 M
137.8 0.172 -1.83 3.51 F

W. Gulf of Mexico 102.8 0.203 -2.74 3.33 M
134.1 0.150 -2.69 3.43 F

NE Brazil 116.8 0.190 0.37 341 M this study
132.7 0.159 0.38 3.45 F
123.9 0.171 0.30 3.42 B
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(LONGHURST; PAULY, 1987). An extensive period
of growth band formation was found in adults,
suggesting that there may also be a strong infliefc
reproduction activity, promoting a redirection of
energy to gonad maturity and reproduction, with a
consequent reduction in somatic growth and possibly
leading to the formation of translucent bands. In
northeastern BrazilS. cavallaexhibits full spawning,
which is more intense between September and March
(FONTELES-FILHO, 1988), coinciding with the
period of smaller marginal increments, as obseimed
the otoliths of adult specimens in the presentystud
Ximenes et al. (1978) found similar results
30 20 i a7 55l in northeastern Brazil, with reductions in the
a Growth Index translucent margins occurring in the otoliths from
December to March, corresponding to the period of
n=7019 intense reproduction (GESTEIRA; MESQUITA,
1976). In Trinidad, bands are formed from November
207 | to February (STURM; SALTER, 1990), matching the
period of reproductive activity (September to March
151 Similarly, in the northern hemisphere, translucent
bands are formed from Aprii to June
101 (BEAUMARIAGE, 1973; JOHNSON et al 1983;
MANOOCH et al, 1987), when the reproduction
51 season begins (FINUCANE et.,all986). Thus, the
reproduction process may be related to the formatio
0+ L of growth bands irs. cavalla
12345678 0910111213141515+ The reasonable adjustment between the OR
Age (years) and FL resulting from the multiplicative model (Tab
1- Figure 7a) and the similarity between the mean
Fig. 10. Frequency distribution of growth indexg) observed and backcalculated lengths (Fig. 7b) oonfi
calculated for king mackerel growth parametersiffeent ~ the presupposition of proportionality between dkoli
areas of the species distribution (a). Age comjuosfor king ~ Size and length of the specimens (CARLANDER,
mackerel §. cavallj collected off northeastern Brazil. 1981). Furthermore, the satisfactory adjustmerthef
backcalculated method to the data must be partigula
Whole otoliths have been used by a largeattributed to the identification of the regressiandel
number of authors (NOMURA; RODRIGUES, 1967;that best described the relationship between the OR
BEAUMARIAGE, 1973; JOHNSON et al.,, 1983; and FL, with the subsequent use of the Monastyrsky
MANOOCH et al., 1987; COLLINS et al., 1989) to model suggested by Francis (1990). Backcalculaton i
estimate the age &comberomoruspecies due to the widely used to validate marks interpreted on dislit
ease in the reading of growth bands (MANOOCH efrom species oScomberomorufor age determination
al., 1987). High average percentage errors and lo(NOMURA; RODRIGUES, 1967; XIMENES et al.,
matching between band readings in sectioned oolit978; COLLINS et al., 1989; STURM; SALTER,
have been found fo8. queenslandicuandS. munroi  1990; SCHMIDT et al., 1993).
off the east coast of Australia (BEGG; SELLIN, No significant difference in growth was
1998). Likewise, low matching between readings obbserved between sexes using visual analyses with
whole and sectioned otoliths, with a tendency tawaroverlapping between confidence intervals. However,
overestimating age using sectioned otoliths, haenb this methodology is not characterized by a formal
reported for the king mackereS( cavalla off the hypothesis test and does not givePavalue. It is
Atlantic coast of the USA (Collins et.all989). therefore conservative in demonstrating significant
In the monthly marginal increment analysis,differences (BEALE, 1960; CERRATO, 1990).
juveniles and adults exhibited similarities related Despite these limitations, 95% confidence intervals
the period of the year when the smallest distancgwovided a measurement for the variability of
from the last growth band to the otolith edge werestimated growth parameters using the von Bertalanff
recorded. However, a shorter period was observed ffonlinear least squares methods.
juveniles, which may be related mainly to the Hotelling’s T? hypothesis test indicated a
endogenous control of growth band formationsignificant difference in growth for males and féesa

Frequency

251

Frequency (%)
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and was the most accurate in the present studthan males for the same age and reach larger
Differences in growth pattern between sexes iscglpi asymptotic sizes (Table 3-Figure 8). Off the caafst
of Scomberomoruspecies (BEAUMARIAGE, 1973; Ceara, greater growth rates for females beginning in
POWELL, 1975; STURM, 1978; JOHNSON et,al the adult phase stem from their greater voracigs—
1983; FABLE et al 1987; MCPHERSON, 1992 determined though studies on feeding habits
BEGG; SELLIN, 1998), with females reaching larger(FONTELES-FILHO, 1988) -which may explain the

sizes ;) than males. inversion in growth rates found in the present wtud
The Schnute growth model was used tdeginning in the adult phase.
examine which model achieved the best adjustment to The accentuated growth rate of males in

S. cavallagrowth in northeastern Brazil. According to relation to females at early ages is also veriligdhe

the values obtained for parametesis and b, the ;
' arameters estimated from the younger afies
specialized von Bertalanffy model is the best modeFjL P young ge

for describing the growth of the species in theaeg by the Schnute model, which resulted in considgrabl

The Schnute model employed in the present study widgher values for males using both the direct and
motivated by a concise biological principle and th ackcalculated methods (Table 2). This accelerated

four parameters nearly always have stable statlstic9OWth may be related to a greater proportion dema
estimates with reasonable biological interpretationin relation to females (Fig. 5) in catchesSfcavalla

(SCHNUTE, 1981) in northeastern Brazil, as males would be more hapid
; . recruited to areas and fishing gear than femalbs T

The growth index §) values estimated in o i .
) characteristic is a positive factor for the maiatece
the present study correspond precisely to the mefins o¢ e 5. cavallastock in northeastern Brazil, as the

the observed frequencies for the parameters mpo”ﬁreservation of females is more important to the
for different areas of distribution of the specféable reproduction of the species than the preservation o
4 - Figure 10a) taking into consideration the eaten males (NIKOLSKY, 1978; HELFMAN et al., 1997).
generated for combined sexes. According to Longhurs The growth parameters and characteristics
and Pauly (1987), there is a close relationship@et  ogtimated in the present study and the age steutdar
the surface areas of the gills of a fish, its c#pao g cayallacaught by the artisanal fleet in northeastern
absorb oxygen, its size, longevity and growthg,yi represent an important contributido our
parameters; environmental and latitudinal diffeemnc knowledge of the species. The present study updates
may also affect the growth of fish. essential information for assessing the stock & th
The stock structure of the king mackerel hagmortant resource, for which the last growth sésdi
frequently been the target of a variety of studetie  j, he region were carried out approximately thirty
Gulf of Mexico and along the southeastern coasthef years ago (XIMENES et al., 1978). Likewise, studies
USA. Johnson et al1994) found differences in the 5 e age structure, reproduction, stock compmmsiti
stocks in the eastern and western Gulf of Mexicq g expioitation levels 08. cavallain northeastern
based on enzymatic electrophoresis. More recently, ;i should also be undertaken permanently in rorde

Gold et al. (2002) concluded that allele variatiane 1, oromote sustainable catches and the mainterance
consistent with the hypothesis of two highly g important fishery resource.
distinguished stocks in Florida, separated by the

peninsula. DeVries and Grimes (1997) found A
differences in growth for the king mackerel on the CKNOWLEDGEMENTS
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