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Overfishing has changed the life histories of commercially harvested marine fishes worldwide. The
Jamaican weakfish, Cynoscion jamaicensis, which has been caught by trawl fisheries off southern Brazil
since the 1950s, was sampled in two periods (1977-80 and 2016-17) to study its life history and
changes in growth and sexual maturation and assess its spawning potential ratio. The annual formation
of one opaque band on the otoliths was validated, and the oldest sampled fish was a 9-year-old male.
Growth patterns did not differ between sexes. The von Bertalanffy growth parameter L., increased
with time, and the growth curves were significantly different between periods. Fish of the same age
classes were significantly larger, heavier and had higher allometric condition factors in the most recent
period than those in the first period. Reproduction occurs seasonally from late spring to early autumn,
and the length and age at first maturity decreased between periods. Based on the length distributions
obtained in 2016-17, the spawning potential ratio was between 57 and 62%, suggesting a moderate
decrease in the abundance of the species in the region. The changes in growth are likely due to density-
dependent processes because of the intense fishing that decreased the abundance of the species and
of its main competitors. The changes in maturation parameters are more difficult to explain since
there are three possible drivers: density-dependent processes and increasing water temperatures for
the changes in the age at first maturity and increasing water temperatures and genotypic responses
to differential selection for the changes in the size at first maturity. Although C. jamaicensis can be
considered a resilient species due to its life history characteristics, the intense biomass removal by
fishing in southern Brazil has changed its population dynamics and reduced its spawning potential.
© 2020 Published by Elsevier B.V.

1. Introduction

Overfishing has caused changes in the life histories of com-

age at maturity, leading to an increase in growth and a decrease
in age at maturity (Barot et al., 2004); and (2) through a biased
removal towards individuals who mature at large sizes, which in-

mercially harvested marine fishes worldwide (Audzijonyte et al.,
2016; Law, 2000; Trippel, 1995). Many species are beginning to
present faster life histories with earlier maturation (Jorgensen,
1990; Rijnsdorp, 1993) and increased growth (Audzijonyte et al.,
2016). These changes may be a result of density-independent
factors, such as temperature and other climate changes (Mor-
rongiello and Thresher, 2015; Tresher et al., 2007); and density-
dependent factors, such as biomass removal by fishing (Law,
2000; Trippel, 1995). Increased mortality caused by fishing, can
influence the dynamics of sexual maturation and growth in the
following ways: (1) by reducing population density, which in-
creases food availability and relaxes the density-dependent ef-
fects responsible for the reduction in growth and the increase in
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creases the proportion of genotypes associated with reproduction
at small sizes and slow growth over the long term (Dieckmann
and Heino, 2007; Jergensen, 1990; Rijnsdorp, 1993). In other
words, increased mortality in the age and size ranges at which
the onset of maturation can occur favors early maturation (Olsen
et al.,, 2004).

The Jamaican weakfish, Cynoscion jamaicensis (Vaillant and
Bocourt, 1883), is a coastal marine sciaenid that inhabits sand-
muddy bottoms from the Caribbean Sea in the North Atlantic to
Argentinian waters in the southwestern Atlantic (Menezes and
Figueiredo, 1980). This species is a component of the coastal
bottom trawl and gillnet fisheries along southeastern (23° to
28°S) and southern Brazil (28° to 34°S), comprising one or two
stocks. In these regions, intense fishing has reduced the abun-
dance of demersal and benthic fish resources since the 1950s
(Haimovici et al., 2006; Yesaki and Bager, 1975; Valentini et al.,
1991; Haimovici and Cardoso, 2016). The Jamaican weakfish is
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one of the three main species in the landings of the bottom trawl
fishery in southeastern Brazil (Castro et al., 2002; Valentini et al.,
1991) and is also captured along the coast of southern Brazil.
The Jamaican weakfish is a relatively small species that rarely
exceeds 350 mm in total length (Castro et al., 2002; Haimovici,
1987) and feeds mainly on crustaceans and fishes (Martins, 2000;
Rondineli et al., 2007). Former studies on the life history of
the species, including the seasonality of its reproduction (Castro
et al., 2002), length at first maturity (Carneiro, 2007; Vazzoler
and Braga, 1983), aging (David, 1997; Santos, 1963), growth and
mortality (Carneiro, 2007; Castro et al., 2002), were performed in
southeastern Brazil. Carneiro (2007) concluded that the stock was
overexploited by analyzing the exploitation rates from length-
based catch curves. It is not known whether the C. jamaicensis
that is fished along the coast of southeastern Brazil is a part of
the stock or composes a different stock from that fished along the
coast of southern Brazil. No studies on the life history and pop-
ulation dynamics of the C. jamaicensis stocks fished in southern
Brazil have been performed until now.

The evaluation of the state of stock exploitation is a fundamen-
tal step in the development of any fisheries management strategy
and depends on the data availability. For the Jamaican weakfish
along the coast of southern Brazil, as for most fisheries across
the globe, data availability is limited (Dowling et al., 2014). How-
ever, there are many models with varying requirements for data
quantity and type (Newman et al., 2015). Among the available
models, the model developed by Hordyk et al. (2015a,b) seems
appropriate for the type of data generated in this study.

Data on the life history and size composition of the demersal
fish stocks harvested along the coast of southern Brazil were
collected in two periods (1977-1985, 2016-2017) as part of a
long-term study on their population dynamics and the fishery
(Haimovici, 1987; Haimovici and Cardoso, 2016). The intense
fishing exploitation of demersal resources in southern Brazil has
caused a decrease in abundance and changes in the life history of
the mainly landed species (Cardoso and Haimovici, 2011, 2014;
Haimovici and Ignacio, 2005; Haimovici et al., 2006; Miranda and
Haimovici, 2007). Although not a target species, C. jamaicensis is
part of the demersal fish community affected by fishing that, in
addition to reducing its abundance, has resulted in changes in its
life history. Thus, the objectives of this study were to validate
the age determination of the species and assess possible changes
in its growth and sexual maturity between two time periods.
We also evaluated the exploitation state of the stock in southern
Brazil by estimating the remaining spawning potential ratio (SPR).

2. Materials and methods
2.1. Sampling and data collection

Length composition and biological data of C. jamaicensis were
collected from landings of the industrial trawl fishery in Rio
Grande between 1977 and 1985 (Haimovici, 1987) and again
during 2016 and 2017, as well as from bottom trawl surveys in
the same region (Haimovici et al., 1996) between 1981 and 1983
(Fig. 1). For the length composition samples, between 100 and
400 specimens were randomly sampled from the catches. The
total length (Lt) of each specimen was measured between the
snout and the end of the caudal fin. For a smaller number of
individuals, the total length (Lt, mm), total weight (Wt, g) and go-
nad weight (GW, g) were recorded, and the sagittal otoliths were
removed and dried to preserve them. Macroscopic maturation
was recorded following a seven-stage scale for multiple-batch
spawning sciaenid fishes (Haimovici and Cousin, 1989). The ma-
turity stage was determined macroscopically with the following
seven-point scale: (1) virginal immature, (2) developing virginal,
(3) developing, (4) advanced development, (5) running, (6) partly
spent and (7) recovering.
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Fig. 1. Bottom-trawl fishing area where C. jamaicensis is caught in southern
Brazil. The three locations from where sea surface temperature anomalies
between 1960 and 2017 were obtained are indicated with the letters: A: 30°S,
50°30'W; B: 32°S, 51°W and C: 34°S, 52°W.
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Fig. 2. Thin section examined with reflected light of a sagittae otolith of a seven-
year-old female C. jamaicensis (Lt: 333 mm) caught in southern Brazil in 2016.
The black scale side bars indicate the end of each opaque band. N: nucleus;
Ri: the distance from the nucleus to the end of each opaque band; Rt: the
distance from the nucleus to the inner edge. Opaque bands appear as white
bands, whereas translucent bands appear as dark bands.

2.2. Age determinations and validation

Thin transverse sections (0.20-0.25 mm) were cut through the
nucleus of the otoliths embedded in polyester resin using a high
concentration diamond blade (Buehler-Isomet). All sections were
fixed on glass slides with xylol base mounting media (ENTELAN
Merck®).

Sections were examined with transmitted light under a com-
pound microscope (35x). The number of opaque bands was
counted, and the nature (opaque or translucent) of the band at the
inner margin of the otolith was recorded. The distances between
the nucleus and the end of each opaque band (Ri) and from the
nucleus to the otolith margin (Rt) were measured on digitized
images of the sections (Fig. 2).

Two readers independently examined the otolith sections. To
evaluate the precision between readings, the mean coefficient
of variation (CV) (Campana and Jones, 1992) was calculated as
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follows:

2
N X—X))
XA )

CV; = 100% x
j

where CV; is the estimated age accuracy for the jth fish; Xj; is
the age determination of the jth fish by the ith reader; X; is the
mean age of the jth fish; and N is the number of readings. The
periodicity of the formation of the growth bands was determined
by analyzing the changes in the monthly relative frequencies of
opaque and translucent bands along the inner margins of the
otoliths and calculating the monthly averages of the marginal
increment (MI) according to Campana (2001) as follows:

MI = (R — Rn)/R

where R = distance from the nucleus to the inner margin of
the otolith and Rn = distance from the core to the end of the
last opaque band. This formula is suitable for fast-growing fish
(Campana, 2001).

2.3. Growth

The total length at the end of the formation of the opaque
bands on the otoliths was back-calculated following the pro-
cedure proposed by Campana (1990), which assumes a linear
relationship between Lt and R and a fixed intercept (biological
intercept) for all analyzed individuals. This procedure was pre-
ferred instead of the traditional method because several experi-
ments that have controlled or manipulated individual fish growth
showed that the greatest variation among individuals occurs in
the slope of the relationship between fish length and otolith ra-
dius and not the intercept (Marshall and Parker, 1982; Rice et al.,
1985; Rosenberg and Haugen, 1982; Secor and Dean, 1989a; Secor
et al.,, 1989b). For C. jamaicensis, a radius of 0.4 mm (O, ) measured
on a sectioned otolith from a 63-mm total length (L,) juvenile was
considered the “biological intercept”. The back-calculated lengths
were obtained according to the following equation:

Ly =1L + (Oa - Oc)(Lc - Lo)(oc - 00)7]

where L, is the back-calculated length at age a; L. is the total
length of the fish at the time of capture; O, is the radius of the
otolith at a given age a; and O, is the total inner radius of the
otolith at the time of capture.

Statistical differences in the observed mean length for each
age class, the mean weight for each age class and the mean back-
calculated length for each age class were tested using an analysis
of variance.

Growth in length was described for both periods and sexes
with the von Bertalanffy growth model (VBGM) from back-
calculated lengths by age as follows:

L = Loo(1 — 7M7)

where Lt is the total length of the fish; L., is the asymptotic
length; k is the growth coefficient, which represents the rate at
which the fish length approaches L.,; and ¢, is the theoretical age
at which the fish would have a length of zero.

The fit of the model to the data was performed with a Bayesian
approach (Kinas and Andrade, 2010). The age-length data were
assumed to follow a log-normal distribution: y; = log N (j;, 02),
where y; is the length distribution, w; is the mean length for each
age class i and variance o2. A logarithmic version of the VBGM
was used for computational convenience as follows:

i = log(Log) + log(17=1),

The seed values for each parameter were constructed from a non-
informative prior with wide distribution intervals. The probability

of log k was considered to follow a normal distribution with a
mean of zero and variance equal to 0.001 and was restricted to
the interval of —5 and 5. The probability of log L, was considered
to follow a normal distribution with a mean equal to the loga-
rithm of the observed maximum Lt and a variance of 0.001. The
probability of to was considered to follow a uniform distribution
with a minimum equal to —3 and a maximum equal to zero,
and the probability of o was considered to follow a uniform
distribution with a minimum equal to zero and a maximum equal
to five.

The posterior distributions of the parameters were obtained
through the stochastic process of the Monte Carlo Markov chains
(MCMC), which provides an easy and clear way to compare the
resulting parameters by analyzing the overlap between the pos-
terior probability distributions. In a single chain, 31000 iterations
were generated, with a burn-in of the first 10000 values and
removal of one the two remaining values, resulting in a final
sample with 10500 values in the posterior distribution of each
parameter (Kinas and Andrade, 2010).

A likelihood ratio test (@« = 0.05) was used to compare all
VBGM parameters at once among sexes and periods (Aubone and
Wohler, 2000; Cerrato, 1990).

The asymptotic weight (W) was estimated by the transfor-
mation of length by age data to weight-by-age data, based on the
potential weight-length equations.

2.4. Weight-length relationships

The relationship between weight and length was described by
the potential model (Wt = a,Lt?). For comparisons between the
weight-length relationships, the data were transformed into dec-
imal logarithms, and the linear regression models were compared
between sexes and between periods through covariance analysis
(o = 0.05) (Zar, 1984).

2.5. Allometric condition factor (K)

Allometric condition factors (K) (Heincke, 1908; Le-Cren, 1951)
were calculated as follows:

K = wt/Lt"

where b is the coefficient of the potential equation of the weight-
length relationship corresponding to each period.

Mean condition factors by length classes (3 cm interval) were
compared between periods and sexes with an analysis of variance
(ANOVA, P < 0.05).

2.6. Reproductive cycle

The reproductive cycle was determined by analyzing the
changes in the monthly averages of the gonadosomatic index
(GSI) for the most recent period. GSI was calculated as GSI =
100 x (Wg/Wt) (Wooton, 1998), where Wg is the gonad weight
in grams.

2.7. Length and age at first maturity

The length (Lso) and age (Asg) at first maturity were calculated
with a Bayesian approach to the logistic model (Cardoso and
Haimovici, 2014; Kinas and Andrade, 2010). To avoid misiden-
tification between spent and immature stages, only specimens
collected during the peak of the reproductive period were se-
lected for the estimation of maturity ogives. This period was
estimated visually based on the results of the maturation sea-
sonality. The macroscopic stage (3) was considered the onset of
maturation.



4 A.V. Alves, M. Haimovici and L.G. Cardoso / Regional Studies in Marine Science 34 (2020) 101063

The total number (n;) and the total number of mature indi-
viduals (y;) were calculated for both sexes for each age class and
for each class of length with a 10-mm interval for both periods,
where ©@; expresses the probability that an individual of a certain
age i and determined length class i be sexually mature y;. It was
assumed that this probability followed a binomial distribution Bin
(ni' @1)

The data were adjusted to a logistic model defined by the logit-
link function, which transforms the parameter ©®; restricted to the
interval [0, 1] into a binomial distribution m, defined between
(—o00, +00) (Kinas and Andrade, 2010). The logistic model was
defined as follows:

m; = g(©;) = log(®;/1 — ;)
m; = Bo + B1.xi

where m; is the probability for each x;, which is calculated for
each age or length class.

From this model, the length and age of first maturation are
defined as follows:

Lso or Asg = —Bo/B1

To compare the estimates of length and age of first maturation
for both sexes between the different periods, the posterior dis-
tribution p(Bo, B1|D), where D = {(y;, n;, x;);i = 1,...,k}, was
also obtained via MCMC. To obtain the posterior distribution of 8y
and B, the variables were considered independent, and a normal
distribution with a zero mean and wide variance (1000) was used
as the a priori distribution. The number of chains and simulated
iterations were the same as those used for the simulation of the
VBGM parameters. The posterior distribution of the parameters
results in a simple and clear way of visually comparing through
the overlap or lack of overlap of the distributions, avoiding the
need for subsequent statistical tests (Kinas and Andrade, 2010).

2.8. Spawning potential ratio (SPR)

The spawning potential was estimated by the length-based
spawning potential ratio (LBSPR) method developed by Hordyk
et al. (2015a,b), which compares a modeled length composition
of a stock without fishing mortality (pristine condition) with the
current length composition observed from the catches. LBSPR is
an equilibrium-based method with the following assumptions: (i)
the von Bertalanffy equation adequately describes the growth, (ii)
a single growth curve can be used for both sexes that have equal
catchability, (iii) growth rates remain constant across the cohorts
within a stock, (iv) the selectivity is asymptotic, (v) the length at
age is normally distributed, (vi) the recruitment remains constant
over time, (vii) natural mortality remains constant across adult
age classes, and (vii) recruitment is constant over time (Hordyk
et al,, 2015a). The SPR for the exploited population is a func-
tion of the ratio of fishing mortality to natural mortality (F/M),
selectivity and the two life history ratios M/k and Lsg/Leo. Kk is
the von Bertalanffy growth coefficient, Lsy is the size at maturity
and L., is asymptotic size. The virginal length composition was
obtained through the von Bertalanffy growth parameters (Lo, and
k), natural mortality (M), and size at 50% and 95% maturity (Lsg
and Lgs). The life history parameters of the first period (1977-
1980) were used to estimate the spawning potential, assuming
that they adequately represented the pristine situation of the
population.

Natural mortality was calculated as the average of the val-
ues resulting from the three empirical estimators based on the
maximum age (Then et al., 2014). Two maximum ages were used
for the calculations, namely, the age of the oldest fish sampled
and one year more. This procedure was employed because the
removal of older age classes by fishing still occurs at moderate
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Fig. 3. Frequency by month of opaque (M) and translucent (O) edges of thin
sections of C. jamaicensis sagittae otoliths sampled in southern Brazil. The sample
sizes are in parentheses.

levels of exploitation (Berkeley et al., 2004), and C. jamaicensis
has been fished by the bottom trawl fishery in southern Brazil
since the 1950s (Cardoso and Haimovici, 2016; Yesaki and Bager,
1975).

The current length composition was obtained by random sam-
plings of pair trawler landings in Rio Grande in 2016 and 2017.
The SPR was calculated by considering the two estimated natural
mortality values and the mean of each life history parameter.

2.9. Sea surface temperature

To investigate the possible effect of climate changes on the
population dynamics of C. jamaicensis, the monthly sea surface
temperature anomalies (SST, °C) were calculated for the period
between 1960 and 2017 considering the climatology from 1950
to 2010 for three locations along southern Brazil (Fig. 1). The
monthly average SSTs were obtained from the Physical Oceanog-
raphy Distributed Active Archive Center (PODAAC, 2019). These
average SST values were calculated using the “optimum interpo-
lation method” for satellite data and in situ measurements (ship
and buoy) to generate high-resolution sea surface climatology
(Reynolds and Smith, 1995).

All statistical analyses were performed in the software R (R
Core Team, 2013), version 3.3.1, using the OpenBUGS package and
the libraries R2 WinBUGS (Sturtz et al., 2005) and BRugs (Thomas
et al., 2006). SPR was estimated using the LBSPR package version
0.1.2 in R (Hordyk, 2017).

3. Results
3.1. Age readings and validation

The coincidence between the number of opaque bands
counted by the two independent readers was 75.5%, correspond-
ing to a CV of 6.33%, which is considered acceptable according to
Campana (2001). A joint reading of otoliths that differed in one
band in the independent readings increased the percent of aged
specimens to 96.6%.

Ages were determined for 282 individuals from 1977-1980
(158 males and 124 females), ranging from 152 mm to 316 mm
in total length (Lt), and for 461 individuals from 2016-2017 (239
males and 222 females), ranging from 180 mm to 346 mm in Lt.

The otolith thin sections showed an alternating pattern of
opaque and translucent bands (Fig. 2). The frequency of otoliths
with opaque margins was higher than 80% between November
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Fig. 4. Mean translucent marginal increment (mm) of otolith thin sections of C. jamaicensis sampled in southern Brazil: (a) all pooled ages; (b) discriminated by
ages: 2 (=#==); 3 (= ¢4=) and 4-9 (={=). Vertical bars indicate the confidence intervals (o« = 0.05).

Table 1

Observed mean length (Lt, mm) by age of C. jamaicensis fished in southern Brazil. The results of the Kruskal-Wallis test between sexes by
age are shown in the right column. S.D. = standard deviation; n = number of sampled individuals.

1977-1980

Age Males Females x2 df p-value
Mean Lt (mm) n S.D. Mean Lt (mm) n S.D.

1 2131 28 14.7 2145 26 214 0.03 1 0.863

2 247.6 28 17.9 249.9 33 16.2 0.66 1 0.417

3 272.0 63 12.1 267.0 40 24.3 0.79 1 0.373

4 286.6 19 11.3 286.8 13 8.6 0.00 1 0.985

5 293.6 11 9.0 298.5 4 7.0 0.91 1 0.341

6 290.0 2 7.1 305.3 3 13.6 1.33 1 0.248

2016-2017

Age Males Females x? df p-value
Mean Lt (mm) n S.D. Mean Lt (mm) n S.D.

1 211.2 57 17.6 216.7 40 16.2 3.28 1 0.070

2 252.4 58 20.3 2515 62 20.2 0.10 1 0.747

3 291.0 39 135 290.9 35 18.5 0.12 1 0.733

4 305.8 50 11.0 309.4 59 9.7 2.21 1 0.137

5 305.9 12 12.8 316.2 11 10.0 3.09 1 0.079

6 319.7 10 6.9 329.1 8 124 438 1 0.053

7 314.7 3 25 339.0 3 9.6

8 331.5 2 9.2 321.0 1

and March and lower than 10% between May and August (Fig. 3).
The monthly variation in the average translucent Mls followed
the same pattern; high values were observed from May to August,
and low values were observed from September to March (Fig. 4a).
The pattern was similar for all ages (Fig. 4b). The annual patterns
of the edge types and the average translucent Mls indicated the
formation of one opaque band during the summer and spring and

one translucent band during the fall and winter. These results val-
idate the age readings in the C. jamaicensis otoliths thin sections
from southern Brazil.

The spawning of C. jamaicensis in southern Brazil and the for-
mation of opaque bands mostly occur from November to March;
therefore, January 1 was assumed to be the nominal date of birth
of all specimens for the classification of age classes. The oldest
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Fig. 5. Observed mean length by age of males and females of C. jamaicensis sampled in southern Brazil in both periods (upper panel). Observed mean length by
age of pooled sexes by period (lower left panel). Observed mean weight by age of pooled sexes by period (lower right panel). Vertical bars indicate the confidence

intervals («¢ = 0.05).

specimens sampled in the 1977-1980 period were two 7-year-
old females, while the oldest specimen was one 9-year-old male
in the 2016-2017 period. This result does not indicate that the
lifespan had been enhanced; instead, it is probably the result of
a sampling issue.

3.2. Growth

The mean Lt and weight in all age classes did not significantly
differ between males and females in either sampled period (Ta-
ble 1, Fig. 5); therefore, both sexes were pooled together for the
comparison between periods. The average Lt and weight were
significantly higher (P < 0.05) in the second period than in the
first period (Tables 2, 3).

The mean back-calculated length at age was between the pre-
vious and former ages observed in the samples for both periods
and for both sexes, which is evidence of the adequacy of the
back-calculation procedure (Tables 4 and 5). The back-calculated
length at age decreased with increasing age, which was inter-
preted as Rosa Lee’s phenomenon (Chugunova, 1963). The large
difference between the length observed in the landings and the
back-calculated length at age one was attributed to the selectivity
of trawl nets (Tables 4 and 5). The mean back-calculated length
in each age class was higher in the second period than in the first
period (Tables 4 and 5).

The credibility intervals of all three von Bertalanffy growth
parameters of both sexes overlapped, indicating no significant
differences between the growth curves of males and females
(Table 6). Between the periods, a significant increase was ob-
served only in Ly, for females. Despite the overlapping growth
curves (Fig. 6), when the von Bertalanffy growth parameters were
considered together, a significant difference (X(fbS =76.52;P <

0.05) was observed between the 1977-80 and 2017-17 periods.

400 1

350 A

300 -

250 4

200 4

Total length (mm)

150 A

—1977-80

100 1 —2016-17

Age (years)

Fig. 6. Von Bertalanffy’s growth curves of C. jamaicensis in southern Brazil by
period. 2016-2017: average values modeled (continuous black line) and their
credibility intervals (dotted black lines); 1977-1980: average values modeled
(continuous gray line) and their credibility intervals (dashed gray lines).

3.3. Weight-length relationships

The covariance analysis of the relationship between weight
and length did not show significant differences between the
sexes (Fig. 7) in either 1977-1980 (P = 0.561) or 2016-2017
(P = 0.269). For pooled sexes, significant differences were ob-
served between periods (P < 0.001), resulting in the following
equations:

Period (1977-1980) : Wt pooled sexes
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Table 2

Observed mean length (Lt, mm) by age of C. jamaicensis fished in southern Brazil with the sexes pooled. The results of the
Kruskal-Wallis test between periods by age are shown in the right column. S.D. = standard deviation; n = number of sampled

individuals.

Pooled sexes

Age 1977-1980 2016-2017 x? df p-value
Mean Lt (mm) n S.D. Mean Lt (mm) n S.D.

1 212.8 54 17.6 2135 97 17.2 0.25 1 0.621

2 248.8 61 16.9 251.9 120 20.2 1.84 1 0.175

3 269.8 103 18.0 291.0 74 15.9 57.35 1 <0.001

4 286.7 32 10.1 307.7 109 10.5 52.26 1 <0.001

5 294.9 15 8.5 310.8 23 125 14.31 1 <0.001

6 299.2 5 133 3242 18 104 8.31 1 0.004

7 326.8 6 14.7

8 328.0 3 8.9

Table 3

Mean weight (Wt, g) by age of C. jamaicensis fished in southern Brazil with the sexes pooled. The results of the Kruskal-Wallis test
between periods are shown in the right column. S.D. = standard deviation; n = number of sampled individuals.

Pooled sexes

Age 1977-1980 2016-2017 x? df p-value
Mean Wt (g) n S.D. Mean Wt (g) n S.D.
1 109.7 54 31.0 1114 97 27.7 0.57 1 0.450
2 186.3 61 443 186.6 120 46.6 0.05 1 0.823
3 2412 103 39.0 290.9 74 50.4 41.04 1 <0.001
4 290.2 32 39.6 346.0 109 432 31.91 1 <0.001
5 3182 15 28.8 358.0 23 59.6 5.93 1 0.015
6 3104 5 35.4 399.4 18 39.6 10.28 1 0.001
7 406.5 6 99.6
8 4193 3 36.5
600 4 (Table 8, Fig. 8). Significant differences in K in the different length
classes were observed between periods (one-way ANOVA, P <
500 4 0.001) (Table 8). The percentage increases in the total weight by
length class between periods were as follows: 0.03% at 180 mm,
00 0.13% at 210 mm, 0.12% at 240 mm, 0.63% at 270 mm and 2.29%
© at 300 mm.
=
=
2 300 § .
5 3.5. Reproductive cycle
e 200
The highest values of the gonadosomatic index were observed
between November and March, with few GSI values > 1 in April
1001 A (Fig. 9). Therefore, it can be concluded that the reproductive
- season of C. jamaicensis in the southern region of Brazil occurs
0 from austral late spring to early autumn.

170 190 210 230 250 270 290 310 330 350
Total length (mm)

Fig. 7. Weight-length relationship for pooled sexes of C. jamaicensis sampled in
southern Brazil for the periods 1977-1980 (o) and 2016-2017 (A). Continuous
line indicates the regression line for 1977-1980. Dashed line indicates the
regression line for 2016-17.

=3.23 x 107% x Lt3% (R? = 0.9521, n = 482)
Period (2016-2017) : Wt pooled sexes
=3.70 x 1078 x Lt32! (R? = 0.9630, n = 1405).

3.4. Allometric condition factor (K)

No significant differences were observed between sexes for
the allometric condition factor (K) according to a two-way
ANOVA (P = 0.353) (Table 7). For pooled sexes, significant
differences were observed between periods and length classes
(two-way ANOVA, P < 0.001) (Table 7). The mean K in different
TL classes was higher in the second period than in the first period

3.6. Length and age at first maturity

The length and age at first maturity were calculated using data
from 887 individuals sampled in the peak of the reproductive
season from November to March (93 females and 97 males (1977
to 1980) and 319 females and 378 males (2016-2017)).

Significant relationships between length, age and sexual ma-
turity were observed for both sexes and periods, as the posterior
distributions of 8; did not include zero (Table 9).

For both analyzed periods, the age and length at first maturity
did not differ between sexes, as can be observed by the overlap-
ping of the posterior distributions (Table 9). On the other hand,
the length at first maturity decreased significantly between peri-
ods for both sexes, from 230 mm to 205 mm for females and from
234 mm to 205 mm for males, as shown by the nonoverlapped
posterior distributions (Table 9, Fig. 10). The age at first maturity
also decreased from 2.29 years to 1.9 years for females and from
2.55 years to 1.82 years for males (Table 9, Fig. 11).
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Table 4
Observed mean length (Lt, mm) in the landings and back-calculated mean lengths by age for males, females and pooled sexes of C. jamaicensis fished
in southern Brazil between 1977 and 1980. n = Number of sampled individuals.

Males — 1977-1980

Age (years) n Observed mean Lt (mm) Annulus number
I 11 11 v \% VI
1 17 213.1 172.2
2 31 247.6 151.9 220.3
3 58 272.0 150.6 2135 257.4
4 26 286.6 145.8 202.2 243.9 278.5
5 16 293.6 128.9 183.2 225.7 260.2 289.6
6 3 290.0 128.8 159.7 190.5 2214 257.4 288.3
7
Total 151 151 134 103 45 19 3
Back-calculated mean Lt (mm) 149.7 208.1 247.1 268.2 284.5 288.3
Growth increment (mm) 58.3 39.0 211 16.3 3.7

Females — 1977-1980

Age (years) n Observed mean Lt (mm) Annulus number

I 11 11 I\% \% VI VIl
1 16 214.5 167.1
2 30 249.9 155.8 2243
3 44 267.0 148.5 211.6 251.8
4 20 286.8 143.5 198.6 245.9 276.0
5 6 298.5 126.6 184.7 2335 264.2 294.9
6 1 135.6 164.7 208.2 2518 280.9 305
7 2 303.0 127.8 160.4 192.9 231.8 257.8 277.73 303
Total 119 119 103 73 29 9 3 2
Back-calculated mean Lt (mm) 150.4 209.7 246.5 269.7 285.1 288.0 303.0
Growth increment (mm) 59.3 36.7 23.1 154 29 149

Pooled sexes — 1977-1980

Age (years) n Observed mean Lt (mm) Annulus number
I 11 11 I\ \% VI VII

1 33 212.8 169.7
2 61 248.8 153.9 2223
3 102 269.8 149.7 212.7 255.0
4 46 286.7 144.8 200.6 244.7 277.4
5 22 294.9 128.2 183.6 2278 261.3 291.1
6 4 299.2 130.5 160.9 195.0 229.0 263.3 293.7
7 2 303.0 127.8 160.4 192.9 231.8 257.8 277.0 303.0
Total 270 270 237 176 74 28 6 2
Back-calculated mean Lt (mm) 150.0 208.8 246.8 268.8 284.7 288.1 303.0
Growth increment (mm) 58.7 38.0 219 159 34 14.8

0.012 1

Kk ok ok ok ¥
0.010 - B I I [ I I
0.008 ‘ ﬁ } 7 ?; I |

Mean allometric condition factor (K)

0.006 1 | ‘ |
0.004 » ‘
00024 | | ‘
0.000
15 18 21 24 27 30 33

Length classes (cm) m1977-80 @2016-17

Fig. 8. Mean of the allometric condition factor (K) of C. jamaicensis sampled in southern Brazil by period: 1977-1980 (black bars) and 2016-2017 (gray bars) at
length classes with standard deviation. The -~ indicates significant differences between periods (p < 0.05).
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Table 5
Observed mean length (Lt, mm) in landings and back-calculated mean lengths by age for males, females and pooled sexes of C. jamaicensis fished
in southern Brazil between 2016 and 2017. n = Number of sampled individuals.

Males — 2016-2017

Age (years) n Observed mean Lt (mm) Annulus number
I 11 11 v \% VI VII VI X
1 43 211.2 194.6
2 61 252.4 162.2 235.6
3 39 291.0 156.4 226.6 274.9
4 47 305.8 148.6 2119 259.9 295.5
5 24 305.9 142.1 198.1 242.1 279.0 305.3
6 10 319.7 137.8 186.0 226.1 259.1 286.7 313.0
7 4 314.7 127.9 167.8 211.1 239.2 264.2 289.2 311.0
8 1 134.7 182.5 218.4 254.3 278.2 302.1 314.0 338.0
9 1 134.4 1582 205.9 229.7 2416 265.4 289.2 313.0 325.0
Total 230 230 187 125 87 40 16 6 2 1
Back-calculated mean Lt (mm) 160.5 218.2 256.0 283.0 294.3 3034 307.9 3255 325.0
Growth increment (mm) 57.6 37.8 26.9 11.3 9.0 45 17.6 —0.55

Females — 2016-2017

Age (years) n Observed mean Lt (mm) Annulus number
I 11 il 1\% \ VI VIl VI
1 27 216.7 197.7
2 68 2515 164.3 235.8
3 33 290.9 158.4 229.9 2733
4 48 309.4 149.5 216.0 263.1 298.6
5 29 316.2 146.4 208.8 250.2 287.4 313.0
6 6 329.1 1425 190.2 2333 262.1 292.9 316.1
7 5 339.0 129.9 189.1 226.5 261.1 290.4 3145 335.6
8 3 321.0 123.8 1725 209.0 2413 265.7 298.0 3184 330.6
9
Total 219 219 192 124 91 43 14 8 3
Back-calculated mean Lt (mm) 160.0 222.1 258.6 288.7 304.3 3116 329.1 330.6
Growth increment (mm) 62.1 36.4 30.0 15.6 7.3 17.4 1.4

Pooled sexes — 2016-2017

Age (years) n Observed mean Lt (mm) Annulus number
I 11 I v \% VI VII VIl X
1 70 2135 195.8
2 129 251.9 163.3 235.7
3 72 291.0 157.3 228.1 274.2
4 95 307.7 149.1 214.0 261.5 297.1
5 53 3108 144.4 204.0 246.6 283.6 309.5
6 16 324.2 139.6 187.6 228.8 260.2 289.0 314.1
7 9 326.8 129.0 179.6 219.7 2514 278.8 303.2 3246
8 4 328.0 126.5 175.0 2114 244.6 268.8 299.0 317.3 3325
9 1 134.4 158.2 205.9 229.7 241.6 265.4 289.2 313.0 325.0
Total 449 449 379 250 178 83 30 14 5 1
Back-calculated mean Lt (mm) 160.2 220.2 257.3 285.9 299.5 307.2 320.0 328.6 325.0
Growth increment (mm) 59.9 37.1 28.5 135 7.7 12.7 8.5 —-3.6
Table 6

Von Bertalanffy’s growth parameters and their respective credibility intervals (Cr. I, « = 0.05) for C. jamaicensis fished in
southern Brazil.

Periods Females Males Pooled sexes
1977-1980 2016-2017 1977-1980 2016-2017 1977-1980 2016-2017
Lower Cr.l. 294.42 330.12 297.22 311.87 297.98 323.49
Leo Mean 308.02 343.24 311.89 322.97 308.21 331.66
Upper Cr.l. 323.52 357.61 329.65 335.63 319.87 340.45
Lower Cr.l. 0.41 0.36 0.41 0.42 0.44 0.41
k Mean 0.50 0.42 0.49 0.50 0.50 0.46
Upper Cr.lL 0.58 0.49 0.58 0.57 0.56 051
Lower Cr.l —0.64 —0.82 —0.61 —0.75 —0.55 —0.72
to Mean —0.46 —0.65 —0.43 —0.56 —0.42 —0.59
Upper Cr.L —-0.29 —0.48 —0.27 —-0.39 —0.30 —0.48
Lower Cr.L - - - - 316.82 385.39
Weo Mean - - - - 353.31 416.15

Upper Cr.L. - - - - 398.34 451.05
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Fig. 9. Monthly mean gonadosomatic indices for males (a) and females (b) of
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Table 7

Results of the two-way ANOVA for comparison of the allometric condition
factor K of C. jamaicensis fished in southern Brazil.

T
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Fig. 10. Length maturity ogives and their respective posterior distributions of
the estimated Lso by period for males (a) and females (b) of C. jamaicensis
caught in southern Brazil. Dashed black lines (1977-1980). Continuous gray lines
(2016-2017).

Variables D.f. F-value p-value
Periods 1 7070.914 <0.001
Sexes 1 0.862 0.353
Length classes 5 7.919 <0.001
Periods: Sexes 1 0.015 0.902
Periods: Length classes 4 0.728 0.573
Sexes: Length classes 5 0.107 0.991
Periods: Sexes: Length classes 4 0.149 0.963
Residuals 1864

3.7. Spawning potential ratio (SPR)

The instantaneous coefficient of natural mortality (M) for a
maximum age of 9 years was estimated as 0.6, and the SPR for
2016-2017 was 43%, ranging from 37 to 71%, when the uncer-
tainty of the life history parameters was considered (Table 10).
For a maximum age of 10 years, M was estimated at 0.55, and the
SPR was 38%, ranging from 33 to 65% (Table 10). These scenarios
suggest losses between 57 and 62% of the spawning potential
in relation to the virginal condition. However, these estimates
presented large confidence intervals due to the low precision of
the life history parameters.

3.8. Sea surface temperature (SST)

An increasing trend in the SST anomalies from 1960 to 2017
was observed at the three locations along the coast of southern
Brazil (Fig. 12). The main increase was observed in the late 1990s
when almost only positive anomalies were registered. The highest
values occurred after 2015.
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Fig. 12. Monthly means sea surface temperature anomalies from 1960 to 2017 for three locations along the continental shelf of southern Brazil. Dashed lines indicate

anomalies equal to zero.

Table 8

Mean allometric condition factor (K) by length class (3 cm) of C. jamaicensis fished in southern Brazil in different periods. The
one-way ANOVA results are shown in the right column. S.D. = standard deviation; n = number of sampled individuals.

Length classes (cm) 1977-1980 2016-2017 F-value p-value
Mean K Factor S.D. n Mean K Factor S.D. n

15 0.0104 1

18 0.0060 0.0004 35 0.0096 0.0009 84 489.928 <0.001

21 0.0058 0.0004 122 0.0093 0.0008 373 1963.2410 <0.001

24 0.0059 0.0005 198 0.0093 0.0008 395 2622.2500 <0.001

27 0.0058 0.0005 112 0.0092 0.0008 342 1614.4950 <0.001

30 0.0055 0.0005 15 0.0091 0.0008 200 302.0980 <0.001

33 0.0087 0.0008 10

Total 0.0058 0.0005 482 0.0092 0.0008 1405

4. Discussion

This study validated the age readings in thin sections of C.
jamaicensis sagittal otoliths. A well-defined pattern of annual
deposition of one opaque ring during the months with warm
waters (late austral spring and summer) and one translucent
ring during the months with cold water (late austral autumn-
winter) was demonstrated. To the best of our knowledge, the
deposition of calcium carbonate with different opacities through-
out the year occurs due to a combination of endogenous factors,
such as reproduction and diet, and exogenous factors, such as
water temperature (Green et al., 2009; Morales-Nin, 2000). The
continental shelf and slope of southern Brazil (29°-34°S) are
under the influence of marked latitudinal displacements of the

Subtropical Convergence, resulting in seasonal variations of up to
10 °C in the SSTs from the warmer months (February and March)
to the colder months (July to August) (Castello et al., 1998).
The same seasonality in the translucent and opaque bands was
observed in sagittal otoliths for other demersal sciaenid species
in southern Brazil that have different spawning seasons, such as
Macrodon atricauda (spawns during spring and summer) (Car-
doso and Haimovici, 2011), Cynoscion guatucupa (spawns during
spring and autumn) (Vieira and Haimovici, 1993), Umbrina cano-
sai (spawns during winter and spring) (Haimovici and Reis, 1984)
and Micropogonias furnieri (spawns in late spring and summer)
(Schwingel and Castello, 1990). Therefore, temperature rather
than the reproductive season may be related to the seasonality
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Table 9

Mean and credibility intervals (Cr.I, « = 0.05) for model parameters (8o and $;) and estimated length (Lso) and age at maturity (Aso) from

each period for C. jamaicensis sampled in southern Brazil.

Periods Parameters Females Males
Cr.l o5y Mean CT‘I.97_5% CT.I.2,5% Mean CTZI.97.5%

Lso B1 0.07 0.109 0.159 0.062 0.102 0.142
Lso Bo —36.851 —25.132 —15.997 —33.558 —23.946 —13.272

1977-1980 Lsp (mm) 223.14 230.09 236.34 225.01 233.99 241.54
Aso B1 0.705 1.169 1.709 1.252 1.794 2416
Aso Bo —4.148 —2.694 —1.403 —6.296 —4.591 —3.054
Asp (years) 1.85 229 2.69 2.29 2.55 2.79
Lso B1 0.058 0.085 0.108 0.046 0.058 0.072
Lso Bo —22.486 —17.419 —11.417 —14.982 —11.916 —9.134

2016-2017 Lsp (mm) 196.71 205.56 211.75 198.45 205.69 211.73
Aso B1 0.97 1.366 1.812 1.519 2.046 2.686
Aso Bo —3.648 —2.607 —1.658 —5.034 —3.731 —2.648
Asp (years) 1.57 1.9 2.17 1.61 1.82 2.01

Table 10

Input values of C. jamaicensis life history parameters used to fit the length-based spawning potential ratio model
(Hordyk et al., 2015b) and the output of the spawning potential ratio (SPR) for each parameter combination. M =
natural mortality; k and L,, = Von Bertalanffy growth coefficients; Lso = length at first maturity; Los = length at

95% of maturation.

M K M k! Ly Lso Los SPR
Estimated average values

0.61 0.50 122 308.2 232.0 261.3 43%
0.55 0.50 1.09 308.2 232.0 261.3 38%
Lower credibility interval

0.61 0.44 1.38 298.0 2241 250.5 71%
0.55 0.44 1.25 298.0 224.1 250.5 65%
Upper credibility interval

0.61 0.56 1.09 319.9 2389 275.8 37%
0.55 0.56 0.98 319.9 2389 275.8 33%

in the deposition of the translucent and opaque bands in C
jamaicensis otoliths.

The differences in the von Bertalanffy growth curves, the in-
crease in the observed lengths and weights by age classes and
the large back-calculated lengths at age support the conclusion
that growth was faster in recent years (2016-2017) than in the
former period (1977-1980). The increase in length by age for
both sexes promoted the increase in L,, and the decrease in
k, except for males. A decrease in k does not necessarily mean
a decrease in the growth rate since it can reflect a restriction
of the von Bertalanffy model for the description of the growth
when there is a strong increase in L,,. Pauly (1979) associates a
decrease in Ly, and an increase in k with an increase in stress
factors, such as temperature, fish density and food availability;
thus, the observed increase in Ly, and decrease in k could be
a result of the relaxation of these stress factors. The increasing
trend of the SST anomalies towards positive values observed in
the study region (Fig. 12) would be expected to cause a decrease
in the L., and a reduction in body size at each age (Daufresne
et al,, 2009; Cheung et al., 2013). Thus, the observed changes in
growth and the increase in the condition factors by length class
(Fig. 8) may be associated with a decrease in the fish density
due to the decrease in the demersal fish density in the region,
including the densities of Jamaican weakfish and other species
with similar trophic spectra targeted by the bottom trawl and
bottom gillnet fisheries (Cardoso and Haimovici, 2016).

The Jamaican weakfish shares several prey species with M.
atricauda on the inner continental shelf of southern Brazil (Mar-
tins, 2000; Martins and Haimovici, 2016), mainly the shrimp
Artemesia longinaris. Cardoso and Haimovici (2016) reported an
increase in the feeding intensity of M. atricauda over the last
40 years when crustaceans, especially the shrimp A. longinaris,
increased in importance in the analyzed stomachs. According
to the authors, the main cause of the increase in the feeding

intensity was the decrease in the abundance of M. atricauda and
of its competitor, the stripped weakfish C. guatucupa, which was
caused by the long-term biomass removal by fishing (Cardoso
and Haimovici, 2016). The growth of both species, M. atricauda
(Cardoso and Haimovici, 2011) and C. guatucupa (Miranda and
Haimovici, 2007), also increased over the last few years. There-
fore, the observed changes in the growth of Jamaican weakfish
and other species can be considered a result of the decrease in
the abundance of neritic and macrobenthic species affected by
demersal fishing, resulting in increased availability of prey.

The observed changes in the reproductive parameters, such
as age (Aso) and length (Lsg) at first maturity, are more difficult
to explain since there are three possible drivers, and we do not
have enough knowledge to disentangle the effects. A decline in
stock abundance may be one driver of the decrease in Asqy since
it increases individual food availability and relaxes the density-
dependent effect that is responsible for increasing Aso (Barot
et al,, 2004; Saborido-Rey and Kjesbu, 2005; Audzijonyte et al.,
2016). For C. jamaicensis, a decrease in Asq was observed for
both sexes over time, between the second and third year of life
in the first period and between the first and second year of
life in the most recent period. The same decreasing pattern of
Asg was observed for M. atricauda between the 1970s and 2010
(Cardoso and Haimovici, 2014), which was also interpreted as a
result of changes to density-dependent factors, that is, increased
individual food availability due to decreased intraspecific and in-
terspecific competition (Cardoso and Haimovici, 2016). However,
increasing water temperatures may also be a driver since one
of the physiological responses of this process is earlier energy
allocation to reproduction, resulting in shifts in the age and size
at maturation (Audzijonyte et al., 2016).

The length at first maturity also decreased over time for both
sexes, and the possible drivers of these changes also differed. One
driver is increasing temperatures, as stated above, and another
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Fig. 13. Length frequencies of C. jamaicensis sampled between 1993 and 1998 in southeastern Brazil from bottom pair-trawl landings by Castro et al. (2002) (dashed
line), and in southern Brazil from the same fleet between 2016 and 2017 (continuous line).

driver is increased mortality at the potential sizes at maturity
that were selected for determination of the early onset of matu-
ration. In other words, biased removal of individuals who mature
at large sizes increases the proportion of genotypes associated
with reproduction at small sizes in the long term (Dieckmann
and Heino, 2007). A decrease in the size at first maturity was
also observed for M. atricauda in the same region (Cardoso and
Haimovici, 2014), and the possible causes may be the same as
those postulated for the observed changes in C. jamaicensis.

A relevant question for management purposes is whether the
stocks along the coast of southern and southeastern Brazil belong
to the same population. Along the coast of Sdo Paulo State (23°S-
26°S), C. jamaicensis landed by pair trawlers are smaller than
those recorded by the same gear in southern Brazil (Fig. 13). The
reproductive period in Sdo Paulo is between late spring and late
summer, which is the same as that in southern Brazil, (Carneiro,
2007; Castro, 2000); however the lengths at first maturity ob-
served in 1997 (195.1 mm for females and 191.6 mm for males
Carneiro, 2007) were smaller than those observed in this study in
both periods (Table 9). The differences in the TL composition and
length at first maturity could be a consequence of slow growth in
southeastern Brazil, suggesting limited exchange between the re-
gions. However, these differences in growth should be tested with
new comparable aging and growth studies because Santos (1963)
aged whole otoliths, while David (1997) examined transversal
sections of mostly young fishes under 200 mm, and aging was
not validated in either study. Thus, despite the coincidence in
reproductive dynamics, other studies are necessary to investigate
the existence of one or two stocks exploited in southern and
southeastern Brazil.

Regarding the assessment of the state of exploitation in south-
ern Brazil, C. jamaicensis is not a target of industrial fisheries;
therefore, there are no sufficiently accurate data available to use
traditional assessment models, which rely on catch and effort
or reliable estimates of fishing mortality. However, knowledge
of their life history (maximum age and sexual maturity, growth
parameters and estimates of natural mortality) combined with
a representative length composition allowed for the prelimi-
nary assessment of the stock status using the model developed
by Hordyk et al. (2015a,b). This model estimates the SPR with
assumptions of recruitment equilibrium conditions, length data
as representative of the stock, unilateral asymptotic selectivity,
normal distribution of the modeled virginal length composition, a

fixed k and a positive proportionality between egg production and
fish length. For Jamaican weakfish in southern Brazil, a represen-
tative length composition obtained from the bottom trawl fishery,
which utilizes fishing gear with unilateral asymptotic selectivity,
was used. The value of k was assumed to be fixed since it did not
vary significantly between periods (Table 6).

The estimated SPR values for the C. jamaicensis population
in southern Brazil were sensitive to the maximum age used to
calculate natural mortality. Depending on the assumed maximum
age (9 or 10 years old), fish removal may have resulted in losses of
approximately 57% or 62% of the spawning potential, respectively.
It is plausible to assume that the maximum age is greater than
the observed age in this study since the bottom trawl fishery
has existed in the region for at least 40 years (Haimovici and
Cardoso, 2016), and the removal of the older age classes is one
of the observed effects in exploited populations (Berkeley et al.,
2004). Thus, it is safe to assume that the fishery removed at
least 60% of the C. jamaicensis population with spawning potential
in southern Brazil. Considering the uncertainty in the estimated
life history parameters and the fact that the model does not
consider a probable decrease in the stock abundance over time,
this removal may have been even greater.

5. Conclusion

Jamaican weakfish, C. jamaicensis, in southern Brazil are grow-
ing faster and maturing earlier than forty years ago. The changes
in growth are likely due to density-dependent processes because
of the intense fishing that decreased the abundance of the species
and of its main competitors. However, the changes in maturation
parameters are difficult to explain since there are three possi-
ble drivers, density-dependent processes and increasing water
temperatures for the changes in the age at first maturity and
increasing water temperatures and genotypic responses to dif-
ferential selection for the changes in the size at first maturity.
The SPR of the stock decreased to between 57% and 62% of the
virginal situation. Although C. jamaicensis can be considered a
resilient species due to its life history characteristics, such as
early maturity at a small size, long spawning period, and fast
growth, the intense biomass removals by fishing in southern
Brazil have changed its population dynamics and reduced its
spawning potential.
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