Latin American Journal of Aquatic ResearcB(2): 242-257, 2021

DOI: 10.3856/vol®-issu@-fulltext-2602 La(t;nii?;ricaari
SfAquatic
Research Article esearch

formerly Investigaciones Marinas

Age and reproduction of the southern king croakemMenticirrhus americanusin
subtropical South Atlantic environments

Barbara Maichak de Carvalho' "', Alejandra Vanina Volpedo® "~ & Luis Fernando Favard
Programa de PéSraduacdo em Engenharia Ambiental, Departamento de Engenharia
Universidad Federal d@arana, Centro Politécnico, Curitibd,MBrasil

?|nstituto de Investigaciones en Produccion Animal, Centro de Estudios Transdisciplinarios del Agua

Facultad de Ciencias Veterinaridniversidad de Buenos AireBuenos Aires, Argentina

3Laboratorio de Reroducéo e Comunidade de Peixes, Setor de Ciéncias Bioldgicas
Departamento de Biologia Celular, Centro Politécnico, Universidade Federal do Parana, CuritibasiPR, Bra
Corresponding authoAlejandra Vanina Volpedafolpedo@gmail.coin

ABSTRACT. Menticirrhus americanusvere sampled (n = 393) from two beaches iPdn estuarine beach

near the mouth of thBaranagua Estuarine Complexd P2is a beach adjacent to tRaranagua Estuarine
Compley in the subtropical region of the western South Atlantic waters between August 2015 and June 2016.
This study aimed to identify the spawning season and the age structitedimericanusising two sampling
methods. For samplingt the P1 beach, seine, line, and pole were used, while samples from the P2 beach were
obtained from the artisanal fishers. Females were numerically dominant in all sampling months at both sites
except for February when the males became dominant. Thiesgabibited a protected reproductive season

with multiple spawning peaks between August and December. Males and females were captured at all gonadall
development stages and ages betwleend6 from both sites. At first maturity, the length of the females

16.3 cm, and the mean age at first maturity was 1.3 years. Individuals aged Heawd®gears were dominant

(68%). The results suggested that young and adults bf.taeericanusise the same habitats throughout their
ontogeny.

Keywords: Menticirrhus americanusestuary; sexual maturity; gill fishing; Sciaenidae

INTRODUCTION and the proportion of each sex necessary for the
reproduction of the species. Determining the age

Intraspecific biological parameters (e.g. age and structure enables scientists to define growth rates for
reproduction) help understand the habitat use of a understanding population dynamics (Maciel al.
species Yaz-dos Santoset al.2007,Soethet al.2018) 2018). Thus, describing the age, growth, and repro
and provide important information for decisiaraking ductive biology of a species of fisheries population that
in the implementation of management and conservation is impacted by industrial and artisanal fishing provides
plans. Identifying the reproductive period and the first resource managers with critical information that can be
maturity of a fish population helps establish dadsed used to establish management tools for protecting long
management decisions suchdegining closed seasons  term population sustainabilitf{taet al.2015,Freitas
and determining the mesh sizes that may have a et al.2018).
negative impact on the fish populations (Sargbal. On the southeasiouth coast of Brazil, several
2015). The sex ratio makes it possible to identify if both  fisheries target populations of common coastal fish
sexes coexist in the same area and if there is a formationgpecies Kaimovici & Mendonga 1996, Chaves &

of reprodudte aggregates (Lowergarbieriet al.2016) Robert 2003, AndriguettBilho et al.2006).Commercial
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fisheriesutilize several fishing methods, including pair
trawling, gillnetting "caceio," and gill fishingSpuza et
al. 2007,Alves et al. 2012, Corréa & AviladaSilva
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Due to this species' ecological and economic
importance, the present study focused on characterizing
the reproductive seasonality, age, and growttiMof

2016). The coast of the state of Parana in southern americanusin the subtropicakite for understanding

Brazil is in the South Atlantic's subtropi@ea. In this

important lifehistory parameters, which may aid in

coastal area, the most exploited fishery resources arefuture management efforts for this species.

two shrimp species Xjphopenaeus kroyeriand
Farfantepenaeusspp) captured by trawl fisheries
(GracalLopes et al. 2002, Souza & Chaves 2007,
Cattaniet al.2011). Due to the low selédty of the

fishing methods used, other species are captured as

bycatch Haimovici et al. 2005, Santost al. 2016);
these includenany fish species belonging to the family
Sciaenidae (Cattaei al.2011,Santoset al.2018§.

On the southeastouth coast of Brazil, the family

Sciaenidae comprises 26 species that vary in average

size from small to large (between 10 and 200 cm of total
length) (Menezes & Figueiredo 1980). These species
mostly occur in shallow water estuarine hats
(Menezeset al.2003). The sciaenid species range from
those with a short life cycle to some that are {bwed
(Cardoso & Haimovici 2011 Militelli et al 2012,
Haimovici et al. 2016, Santoset al. 2017 and use
multiple spawning as a reproductivieasegy (Braun &
Fontoura 2004Costaet al. 2015, CarmeSilva et al.
20189.

The sciaenidsouthern king croakeMenticirrhus
americanusis a fish species exploited by recreational
anglers and commercial fishe&ouza & Chaves 2007,
Freireet al. 2016. It can reach up to 50 cm in total
length (Cervigbn 1993). The species' sale value

MATERIALS AND METHODS

Study sites

Bimonthly samples foMenticirrhusamericanusvere
captured between August 2015 and June 2016 from two
sampling sites (P1 and P2) within a single main
sampling area located along Brazil's subtropical
Atlantic coastal region. P1 is an estuarine beach (with a
depth of 2 m) near in the mouth of the estuary
Paranagua Estuarine Complaominated by tides
(25°28'S48°20'W) and P2 is a beach adjacent to the
estuary on the shallow continental shelf dominated by
waves and with an approximate depth of 20 m in areas
of the capture of the specimens (25°3468528'W)
(Angulo et al.2016) (Fig.1). The main sampling was
undertaken within a transitional coastal region between
tropical and temperate climates (Spaldaigl.2007).

Sample collection

At the P1 sampling site, fish samples were collected
using beach seines that were 2 m high, 70 rg,land

had three mesh sizes of 2.5, 4, and 5 cm. During each
sampling event, two people dragged the seine at a

depends on the specimen's size: the smaller ones arélistance of 20 m parallel to the coast. At site M1,

marketed at a lower value, while the larger specimens
are filleted and traded for a higher val&n(zaet al.
2007, Caralho comm. per3. Studies have demen
strated the ecological importanceMf americanusas

a benthic carnivoreRondineliet al.2007, Halunchet

al. 2009, Turraet al.2012 and prey for larger marine
predators Bornatowskiet al.2014). M. americanuss
widely distributed in the western Atlantic between
latitudes 41°N and 51°S (Chabal.2015).

The spawning season fibt. americanusppears to
vary with latitude. In the northern Gulf of Mexico,
spawning occurs from April to September (Claedal.
2014), while in southern Florida, spawningpable
individuals occur from January to November (Herrema
et al. 1985). Some studies suggest that adults and
juvenile M. americanus utilize different habitats
(Gianini & PaivaFilno 1992, Turreet al.2012). The

species appears to have a short life cycle, reaching upstandard methodology

to 6 years of age. Moreover, it exhibits a rapid growth
in these few years (McDowell & Robillard 2013,
Clardyet al.2014) with theoretical maximum longevity
of 9.8 years (Gianini & Paiv&ilho 1992).

americanussamples were caught by pole and line
fishing. At the P2 siteM. americanuswvere obtained
from the artisanal fishers who used a gillnet "caceio”
fishing with 6, 7, and 9 cm stretch mesh size.

EachM. americanusample was measured for total
length (TL, cm) and total weight (TW, g). Sagittal
otoliths were removed, rinsed, and stoned idry state
for age determination at a later stage. The gonads were
removed and weighed (WG, g), then macroscopically
examined to determine sex and the reproductive phase.
A portion of gonads (n = 162) was then preserved in
ALFAC (80% alcohol, formaldehde, and acetic acid)
for histological processing.

Reproduction

Gonads remained in the preservative for a period of 18
to 24 h. The tissues were then processed using a
for histological paraffin
embedding antlematoxylin and eosin Y staining. The
histological samples' maturity and reproductive phases
were assessed according tonwdified version of
classification based on Vazzoler (1996) and Brown
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Figure 1. Menticirrhus americanusampling sites in the subpical environment of the South Atlantic. Pharsestuarine
beach, and P2 is a smaltale fishery unloading site.

Petersoret al.(2011).The gonadosomatic index (GSlI),
expressed by the formula GSI = (WG / TW) x 100, was
determined for each individual. From the individual
GSI, the mean GSI was calculated on a bimonthly basis
separately for each sex.

Age and growth

The right sagittal otolith of each specimen was
embedded in epoxy resin, cressctioned with a low
speed metallographic saw, and sanded and polished
with alumina. Subsequently, the sections were photo
graphed under a polarizdéight stereomicroscope for
reading the age rirsgof increments (each increment =
one hyaline and one opaque zone; Fig. 2). Three
incremental readings were taken for each otolith sample Figure 2. Crosssection of aMenticirrhus americanus

by the same reader at different times. According t0 qgjith (sagitta) collected in the subtropical environment

McDowell & Robillard (2013) and Clardst al.(2014), of the South Atlantic. H: hyaline rings, O: opaque rings.
M. americang forms only one annual ring. Scale: 2 mm.

Precision in the number of increment counts from o B
the three readings of each otolith was determined using muladé &— B — , where:sdiis the stan

thecoefficient of variance (CV), expresskd thefor- dard deviation of ages attributed to the individuahd
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¢i the mean of the readings. After the analyses, the and males. A-test was used between the total and the

readings that resulted in a coefficient of variance above somatic condition factors to check the influence of
8% were eliminated (Chang 1982). gonads on each sampling site's conditiotofac

Growth curves for grouped and separated sexes The determination of the first maturity lengthsql
were obtained by adjusting the mathematical occurred through the logistic curve:

expression of Von Bertalanffy (1938) (VB) where i p Q
YO O p Q and by adjusting th&ompertz .
expression (G)'YD O 0 0 _ For both where Fr was the relative frequency of adult

individuals; e was the Napierian logarithng and b
were the coefficients estimated by the lespiare
method, and & was the midpoint of the class interval
(Possamai & Favaro 2015).

The identification of the longevity (A), which

expressionsQwas the Napierian logarithm, TE total
length (cm) at age t;d: = asymptotic length (cmk: =
instantaneous growth rate, apdtage, at a theoretical
length equal to zero (Ogle 2015).

Statistical analyses corresponds to the time the fish takes to reach 95% of
Statistical analysis was performed usihg analysis of - (Santoset aI..2017), was estimated by the Taylor
variance (ANOVA) to verify the TL differences €dquation (1959):

between sexes and sites. The lengtight relationship 5 CB WO

for each sex was calculated using the following 0

equation (Huxley 1929): where 2.996 was a constaktwas the instantaneous

Yoo YO growth rate, and the age at which the fish had a
where Ty is the predicted total weight, TL the total theoretical length equal to zero in the von Bertalanffy
length, a the coefficient of proportionality, an the curve parameters.
allometric coefficient (Carvalhet al. 2017, Possamai A t-testwas applied between the parameters of the
et al.2018). A paired-test was performed to compare curve of Von Bertalanffy, Gompertz, and longevity to
lengthweight relationship parameters betwesax by check for differences in growth rates between males
sampled location. A chquare testy’) (a=0.05) was  and females. The von Bertalanffy and Gompertz
used to determine if the sex ratio deviated from 1:1. models' adjustment was performed with the ‘fish

In order to evaluate the relative health of the methods (Nelso 2017) and 'FishR' (Ogle 2015)

samples, the total condition factor (K) and the somatic packages in software R. The other statistical analyses
condition factor (K') wagxpressed respectively by the  were run in software R.

formulae:
o YTy
. S RESULTS
and 0 Y wTY
where b is the allometric coefficient of the length ~ We collected 393 individuals ofMenticirrhus
weight relationship. americanus245 individuals from site P1 and 148 from

The difference between K and K' makes it possible site P2. The samples of both sexes from P1 presented
to verify the reproductive process's energy in females Smaller lengths than those sampled from P2 (Taple

Table 1. Parameters of the weighgngth relationship oMenticirrhus americanuscollected in two subtropical South
Atlantic environments. F: females, M: males, n: number of individuals, TL: total length (cm) with minimum, mean and
maximum, weight (g) with minimum and maximum, b: mean allometric coefficient and standaadicteva: mean
proportionality coefficient and standard deviation, afdcgefficient of determination of the weiglgngth relationship of
Huxley (1929).P1: estuarine beach, P2: srratdhle fishery unloading site.

Site Sex n _ TL (cm) Weight(g) Parameter ;
min  mean max min  max a b R
P1 F 140 12 20.34 309 16.5 336.53 0.001+0.005¢ 3.195+0.041 0.97
M 105 12.8 17.75 29.8 15.3 206.67 0.005+0.000 3.185+0.005 0.97
P2 F 84 13.6 26.68 44.2 17.14 897.37 0.005+0.00 3.188+0.035 0.97
M 64 14.1 27.44 33.3 18.33 347.88 0.005+0.00 3.175+0.005 0.97
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Table 2 The sex ratio oMenticirrhus americanusollected in two subtropical South Atlantic environments. F: number of
females, M: number of males, n: number of individuafs,chi-square, P-value <0.05P1: estuarine beach, P2: small
scale fishery unloading site.

P1 P2

Month F M FM ¢2 FMFEM ¢?
Aug/l5 34 10 34 13.0* 15 8 19 2.1
Oct/15 35 35 1.0 0.01 27 11 3.4 6.7*
Dec/15 22 7 3.1 7.7 15 17 19 7.7*
Feb/16 20 23 0.9 0.2 7 13 0.9 01
Apr/l6 23 18 1.3 0.6 9 4 11 01
Jun/l6 8 11 0.7 04 11 11 14 O
Total 142 103 84 64

Table 3. Microscopic characterization of the stages of ovarian and testicular developnMantafirrhus americanus
Oocytes: PG: primary growtlCA: cortical alveolar, Vtg: primary, secondary and tertiary vitellogenic, GVM: germinal
vesicle migration, POF: peswulatory follicles, GVBD: germinal vesicle.

Stage of gonadal
development

Microscopic characteristics

Females

Males

Immature The ovaries of young females present nests of oogc The testicles present the seminiferous tubules
and oocytes in PG. reduced light ocompletelyclosed. The predomi
nant cells in this stage are spermatogonia.
Developing The developing ovariefitially present PG oocyte: Seminiferous tubules partially developed, wi
without cytoplasmic inclusions and CA oocytes, whi various types of male germline cells. Spermato
present cytoplasmic vesicles. Overdevelopment, n absent or in small quantity
developed oocytes in different phases of Vtg can
observed, possibly occurring in a smaller quantity
GVM oocytes.
Spawningcapable The ovaries in this stage present a predominanc The testicles present developed seminifer

GVM and GVBD oocytes; howevel?G and Vtg
oocytes are found ismaller numbex

tubules with a predominance of spermatozoa.

Partially-spawned

This stage occurs only in species that spawn in batc
POFs and GVM oocytes are present. The initial phs
of oocyte maturatio may also be present (PG, Vtg).

Seminiferous tubules with a decreased quantit
spermatozoa relatt to the previous stage. Emp!
spaces at the edges of the tubules and a ¢
guantity of other male germline cells.

Postspawning

Ovariesn the postspawning stage characterize the €
of the reproductive process, which includes the stage
"regressing” and "regenerating" described by Bro\
Peterson et al. (2011). POFs and PG oocytes are f
in disorganized ovigerous lamellae. Overdepenent,
the lamellae reorganize, the POFs are reabspevet]
the ovaries start to be constituted by oogonia and
oocytes.

Testicles in this stage characterize the end of
reproductive process, whidghcludes the stages ¢
"regressing" and '"regenersd" described by
Brown-Peterson et al. (2011). The seminiferc
tubulespresent empty spaces with a srmaimber
of spermatozoa. Testicular replenishment
sperm line cells irthe initial phases of develep
ment was observed.

The ANOVA demonstrated significant differences
between the TL and sampling sites (F = 46R3
0.0001) and between the TL and sex (F = 10R86;
0.001). From the relationship, it was possible to state
that regardless of the locatidv, americanugpresented
a positive allometric growth (b > B < 0.05) for both
sexes (Table 1). Thetest between sex by sampling site
did not show significant variation (P1,t=0.42, df = 1,
P=0.74;P2,t=1,df = E=0.5).

There was numerical dominance efifales at both
sampling sites in all months sampled; the exception was

observed at both sites in February 2016 and at site P1

in June 2016 (Table 2). Th@ test detected significant
differences in the monthly sex ratio of females and
males in August and &ember for P2 and in October
and December for P1 (Table 2).

The gonadal histology allowed the characterization
of six stages of oocyte and spermatogonia
development. Microscopic analysis of the gonads
(Table 3) revealed five phases of ovarian (Fig. 3) and
testicular development (Fig. 4). The observation of
partially spawned ovaries allowed the characterization
of multiple spawning in the species.
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Figure 3. The scale of ovarian development. Microscopic analysis of the ovaribteficirrhus americanusn a

subtropical environment of the South Atlantic. a) Immature ovary: the white arrows show initial development cells in the

process of cellular division, saciated with primary growth oocytes (PG), b) developing ovary: oocytes in different phases
of development: PG: primary growth, CA: cortical alveolar, Vtg: vitellogenic, GVM: germinal vesicle migration,
¢) spawning capable ovary: predimance of oocytes in a higher degree of development (Vtg and GijNpartially
spawned ovary: predominance of oocytes in a higher degree of development, associated aithgtost follicles (POFs)
(yellow star), e) posspawning ovary: disorganizedigerous lamellae containing oocytes in initial development phases
(PG) associated with conjunctive tissue.

The bimonthly mean GSI values showed synchro females in all gonadal stages were captured from both
nization in the gonadal development of males and the sampling sites. However, there was a higher
females at both sites: froOctober to December at site occurrence of immature females at P1 relatiezand
P1 (Figs. 56) and a more intense reproductive period a predominance of partially spawned and spstwned
October to February at site P2 (Fig. 6). A reduction in females between December and April at both sites
the mean GSI was observed at both locations from (Figs. 5a, 6a).

February (Figs. %). Immature males were caught only from site P1;

The percentage frequency of the stages of gonadal partially spawned and pespawning males were more
development from the histological analysis showed that frequent from February to June. These males histe
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Figure 4. Scale of testicular development. Microscopic analysis of the testidsrdicirrhus americanus a subtropical
environment of the South Atlantic. a) Immature testicle: circle delimits seminiferous tubules containing spermatogonia,
b) developing testicle: the seminiferous tubules present different cell types of the spermatic lidg¢agayring capable
testicle: seminiferous tubules practically replete with spermatadogartially spawned testicle: arrows indicate empty
spaces due to elimination of spermatozoa.

logically characterized by a decrease in spetonaa’'s site P2, where thetest was significant between K and
number corroborating with the decrease in the mean K' (t=7, df = 5P < 0.005). However, thietest between
values of GSl in that period (Figs. 5b, 6b). K and K’ for mal es showed

The total condition factor (K) and the somatic bDetween these parameters at both P1 (t =3.16, dP=5,

condition factor (K') presented higher values between < 0.005)and P2 (t =5, df =B,< 0.005).

August and October 2015 for males at both sites The Lso for females was 16.3 cm, angobwas 22.5
(Figs7ab); showed a second peak in February at site ¢m (Fig. 8). The age estimated by congtthe rings of

P2 alone (Fig.7a). For females, higher values of K and \. americanuscharacterized the population of this

K" were found between August and October at both the gpecies aged between 1 and 6 years to be between 1 and

sampli_ng sites, dempnstrating higher energy expendi g years (68%) (Table 4); the females showed a
ture with the maturation of the gonads (FigsbjaThe maxjmum age of 6 years. and the, males of 5 years
ttest bet ween K and K’ f or(Table%maFes wa's not sl gny?l
for P1 (t = 2.2, df = 5P > 0.005). It was different for '

can
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Specimens aged between 1 to 6 years were caught9b). The highest percentage of hyaline edge occurs in
at both sites (Figs. 98b). There was a predominance April 2016 (Fig. 9c).
of specimens of ages between 1 and 2 years (66%) in  \we observed different values of the growth
P1 (Fig. 9a). In P2, there was a predominance of parameters for grouped sexes (Fig. 10a). The growth
specimens of ages between 3 and 4 years (63%) (Fig. parameters for the females and males (Figs-cJ0b
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Table 4. Age by size class iMenticirrhus americanusollected bimonthly in a subtropical South Atlantic environment.

Age (years)
2 3 4 5 6 Total

Interval class (cm) 1

11-15 15 9 24
16-20 5 211 1 28
21-25 2 19 12 15 48
26-30 1 25 11 13 1 51

31-35 1 8 5 1 15
3540 2 2

Total 22 50 39 35 18 4 168

Table 5. Age by sex inMenticirrhus americanugollected bimonthly in a subtropical South Atlantic environment.
F: females, M: males, n: number of individuals by age/sex, TL: total length (cm) + standard deviation (SD).

Age (n, TL = SD)

Sex

1 2 3 4 5 6 Total
F 18 (16.442.7) 22(19.643.8) 22(26.2431) 19(29.6+3.4)  9(29.6+3.4) 2(33.9+6.4) 92
M 14 (16.1#1.9) 28(19.1433) 21(25.3+39) 16(26.7+3.9 10(28.9+1.9) 89
Total 32 50 43 35 19 2 181

Taylor's longevity was 11.27 years for grouped sexes, & Chaves (2008). In other species belonging to the
12.30 years for females, and 10.27 years for males. Thefamily Sciaenidae, a numerical predominance of males
t-test of the growth curve parameters of Von was observed, suggesting that variation in the sex ratio
Bertalanffy, Gompertz, and longevity for males and was an intraspecific parameter (Braun & Fontoura
females showed no significant differences between 2004, Santost al.2015).

sexes (t = 1.37, df = &> 0.005).The mean age\so) Multiple spawning ofM. americanushad already
in which 50% of females were adults was 1.3 years, and peen described by other authors (Haluch et al. 2011,
100% occurred at 3.8 years. McDowell & Robillard 2013, Clardy et al. 2014). Thus,
our results confirm the phenomenon of multiple
DISCUSSION spawning and register individuals reproducing

throughout the year in both locations, as demonstrated
The greater length of females than males was also by the highest K and K' values between August and
evidenced by other researchers (Muniz & Chaves 2008, October. The highest frequency of specimens in
Haluchet al.2011, Clardyet al.2014) and is considered ~ reproductive activity occurred in the hotter periods
a frequent feature in teleosts (Favat@l.2003, Braun (spring and summer) that coincided with the period of
& Fontoura 2004, Santaet al.2015), due to the need  increase in the primary and secondary productivity in
to allocate female gonads that are larger than the malethe studied area (Lanat al. 2001) and favored
gonads (Vazzoler 1996). According to Alves al. reproductive success. Thus, our results are corroborated
(2012), M. americanusfemales capable of spawning by the increase in the abundance of filestion larvae
present an increased volume of tioglomic cavity and of M. americanusobserved by Godefrogt al.(2001),
become more susceptible to capturing in the gillnet during the fall in the same study area.

fishery. Therefore, females are more vulnerable to gill Determining the first maturity length is important
fishing during periods of higher spawning intensity for managing fishery resources regulating the mesh size
than males. Moreover, this may be why the imbalance allowed for fishing, and preventing immature indi
in the sex ratio and éhconsequent recruitment of this  viduals from getting caught (Santes al. 2015). The
species increased fishing effort using these gears. first maturity length obtained foM. americanus

At both sites, females were numerically dominant females in this study was close to that calculated by
between August and December; a shift of dominance other authors who worked at similar latitudes (Halunch
was observed in February when males became et al. 2011, Clardyet al. 2014). However, @ar the
dominant. This alternationas also observed by Muniz  southern distribution limit o¥1. americanusthere is an
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Figure 9. Monthly frequency of occurrence of the agedeiticirrhus americanusa) P1 (estuarine beach), b) P2 (small
scale fishery), ¢percentage of opaque and hyaline edges in the sections of the otdlitheoéricanugollected bimonthly
in the South Atlantic's subtropical environmeni: fumber of individuals by month.

increase in the 4o value for bothsexes, suggesting  Robillard 2013, Clardyet al. 2014); this may be a
gonadal maturation at longer lengths influenced by the sampling method effect selecting only one age range.
lower water temperature (Militellet al. 2012; Lso Nevertheless, regardless of the latitude and the
females = 22.2 cm). The reduced capture of immature sampling methad , individual s aged
male specimens made it impossible to determinedhe L dominant in the analyzed environments; the age group

for males in this studyThis observation corroborates was more representative in different populationsof

that males of this species mature with lower average americanugMcDowell & Robillard 2013, Clardgt al.

lengths than females, as observed for other Sciaenidae2014). The variability in length among all ageshbf

fish (Santost al.2015). americanus(Table 5) indicates different individual

Regarding age determination, studies performed at 9rowth rates. Moreover, this is a characteristic of
higher latitugs obtained individuals with a maximum  SPecies with split spawning that invest a great amount
age lower than observed in this study (McDowell & of energy in gonadal development. A simidasewration
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Figure 10.Growth curve fitted according to the von Bertalanffy and Gompertz model for a) grouped sexes b) females and
¢) males oMenticirrhus americanusollected bimonthly in a subtropical environment of the South Atlantic. The circles
indicate the specimens.

was made by other authors (Sargosl.2017, Maciel dosSantos & Gris 2016). Growth curve parameters and
et al.2018, Soetlet al.2018). Spatially, in this study, longevity also differedbetween the studies that
younger individuals were dominant-glyears) at P1. analyzedM. americanusat different latitudes (Gianini
At P2, individuals were dominant between 3 and 4 & PaivaFilho 1992, McDowell & Robillard 2013,
years becausd eelecting gillnet fishing as the capture Clardyet al.2014, present study). According to Taylor
method, wherein specimens of larger ages are captured.(1959), variations in growth rates, longevity, and von
Other studies corroborate the positive allometric Bertalanffy growh curve parameters are expected
growth of both sexes oM. americanusin these along a latitudinal gradient due to different environ
localities. It demonstrates that this species grows more Mental influences suffered by the species, mainly
in weight than in length in subtropical latitudes (Haluch through the water temperature. Species of fish exposed
et al.2011, Passost al. 2012, Diaset al. 2014, Vaz to lower temperatures at higher latitudes tend to grow
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