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Abstract

The bluefish, Pomatomus saltatrix (Linnaeus, 1766), the only representative
of the Pomatomidae family, is a key fishing resource that represents a sub-
stantial part of the landings at RESEX- Mar of Arraial do Cabo-R]. The species
is broadly distributed throughout the continental shelf in tropical and warm
temperate waters of the Atlantic, Pacific and Indian Oceans. It forms pelagic,
large and fast moving shoals in relatively deep offshore waters, and draws
close to the coast when temperatures reach from 12°C to 15°C. Its displace-
ment is conditioned to the movement of shoals of small fish such as herings;
shrimp and squid, all of which are preyed upon. This work had the main
purpose of evaluating the growth of bluefish through the distribution of
length frequency (One-Way-ANOVA) and the Relationship between Total
Length—TL (mm) and Total Weight—TW (g)-LWR; from daily data collec-
tions from March/2017 to March/2018. The analyzed specimens were ob-
tained at fish markets of Arraial do Cabo-R] and fish landings at the Fisher-
men’s Harbor of Praia dos Anjos. They were randomly sampled from frag-
mented cohorts of the local stock. A total of N = 2057 specimens were pri-
mary analyzed. TL values varied from 201 mm (minimum) in February/2018
to 915 mm (maximum) in September 2017. The average TL was of 541 mm
and the average TW of 1428.5 g. The value of angular coefficient “b” in the
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potential flow was 2.6, and the value of “a” was 9E-05, expressed by the equa-
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tion W = aL” for overall, where W = TW and L = TL. Values of W = 3E — 05L*”
were found for females and W = 2E — 05L*® for males. Knowledge over their
general biology is extremely important when it comes to knowing the ecology
of this species for subsidize a future and adequate fishery management.
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1. Introduction

The bluefish (Pomatomus saltatrix, Linnaeus, 1766) belongs to the order Perci-
formes and to the Pomatomidae Family [1]-[7]. The species reaches average
length of approximately 600 mm, maximum length of approximately 1300 mm,
average weight of approximately 3000.0 g and maximum weight of approx-
imately 14,400.0 g [1] [3] [4] [5] [6] [7]. The bluefish presents different growth
ratios between sexes, with females tending to be larger. The length at first ma-
turity varies from 250 mm to 430 mm [8]. The maximum age registered is of 14
years [9].

It is a cosmopolitan species that occurs in all tropical and neotropical waters
[1] [3] [4] [5] [7] [10], except at the east and northwest of the Pacific Ocean in
Figure 1 [6] [7] [10]. In the East Atlantic Ocean (Oriental Atlantic Ocean), it
occurs from Portugal to South Africa, including the Mediterranean Sea and the
Black Sea, Madeira Island and Canary Islands; in the West Atlantic Ocean
(Western Atlantic Ocean), it occurs in the region of Nova Scotia, in Canada and
from Bermuda to Argentina; in the Indian Ocean it occurs throughout the east
coast of Africa, Madagascar, south of Oman, southeast India, Malay Peninsula
and west Australia; and in the Southwest Pacific Ocean it occurs in Australia,
except for its northern territory, and in New Zealand in Figure 1 [5] [7] [10]. In
Brazil (Southwest Atlantic Ocean), it occurs throughout the entire coastline in
Figure 1 [11] [12]; with abundance cycles, sometimes scarce for years and some-
times in incredible quantities that coincide with the abundance cycles of the
populations of prey [2]. The space and time analysis of the bluefish distribution
in icthyoplankton and of spawning times suggest mainly two stocks in the North
Atlantic (Florida Stocks), as well as another in the South Atlantic [13] [14] [15].

In South America, bluefish migrate annually along the coast, northward and
seasonally [6]. The species migrates along the coast following the western boun-
dary of the neotropical convergence between the ocean currents of Brazil and
Malvinas (Falklands) [16]. Captures suggest seasonal migration upwards: March
in Argentina, July in Rio Grande-RS (BR) and November in the state of Santa
Catarina (BR) [10]. The bluefish is a migratory pelagic coastal and oceanic
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Figure 1. Geographic distribution of Bluefish (Pomatomus saltatrix, Linnaeus 1766).
Source: www.aquamaps.org.

species that moves close to the water surface along the continental shelf. Adults
migrate to spawning areas, eggs and larvae are usually transported along the
coast and the recruits migrate to coastal areas and estuaries where they are
mainly piscivorous and grow fast [17]. Bluefish perform apportion egg deposi-
tion and have ongoing fertility, generating a great quantity of small eggs during
spring migration [18] [19].

It is easily found near shores, especially in surf areas, islands, rocky coasts,
agitated areas with foam formation, bays, areas estranged from the coast and
around islands. Smaller specimens can also be found in shallow waters of up to 2
m deeper, estuaries, the young specimens can be found in mangrove forests and
lagoons [1]-[7] [10]. Large adult specimens are usually seen by themselves, often
associated to billfish and elasmobranchs, while young, with a Total Length (TL)
lower than 250 mm, and medium-sized specimens, form small shoals. These
shoals can reach up to thousands of individuals [7], and usually draw close to the
coast when temperatures reach from 12°C to 15°C [20].

Bluefish are great swimmers, powerful and voracious predators, the term
“saltatrix” means “dancer” in Latin, referring to its great agitation when hooked;
who feed off different small and large fish, shellfish such as cephalopods and es-
pecially squids, as well as crustaceans, at larvae stage, bluefish feed mainly off
copepods [21] [22]. A study conducted in the south of Brazil examined the sto-
mach contents of 516 bluefish specimens [22]. The authors found that, during
summer, Pomatomus saltatrix basically fed off four species (Loligo sanpaulen-
sis/Brazilian squid or Sdo Paulo squid, Artemesia longinaris/Argentine shrimp,
Mullus argentinae/Argentine goat fish and Paralonchurus brasiliensis/Banded
croaker) while, during fall and winter, Pomatomus saltatrix mainly fed off En-
graulis anchoita (Argentine anchovy). The authors concluded that the seasonal
variation in the diet of the bluefish is related to the availability of prey in the stu-
died area, which confirms the species’ opportunist behavior. The search for a di-

etary pattern over time showed a clearly opportunist characteristic, with no pre-
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ference over prey, and of daytime or crepuscular habit. The presence of organ-
isms along all levels of the water column indicates a demersal-pelagic behavior
[23]. There are records of bluefish shoals that kept on attacking and killing even
after having satisfied their appetite [5] [6] [7]. Bluefish are capable of eating
twice their weight per day. When they attack small fish, bluefish tear them to
pieces. There are records of bluefish that regurgitated their food to attack again
and also records of a preference for larger prey. Studies show that larger prey ex-
cite bluefish in such way that they attack even after being satiate. The bluefish
have a compulsion for killing, which makes them a controller of many species’
populations, especially of small teleosts from lower trophic levels. When these
populations become scarce, bluefish shoals tend to migrate [2].

The reproduction of this species apparently happens in offshore waters,
with eggs and pelagic larvae developing while they approach near shore [2],
throughout the year, in warmer waters and seems to be seasonal at high latitudes
[10]. Despite its larvae capacity for long distance dispersion, the gene flow be-
tween the subpopulations is extremely limited [24]. The bluefish has a PLD (Pe-
lagic Larval Duration) oceanic, large and relatively long, which, by the action of
the wind and currents, facilitate its global dispersion.

Analysis of the mitochondrial DNA of specimens of Pomatomus saltatrix
suggested the existence of an exogenous action in the Atlantic Ocean that, due to
environmental influence, generates many morphotypes [25]. A recent study in-
dicated that the populations in both Western and Eastern Atlantic Ocean seem
to be isolated [25].

In the South Atlantic of the USA, spawning happens from March to May,
September to November and May to August [27]. Spring and summer spawning,
generate neonates that migrate from the estuaries to the continental platform of
the USA during the beginning of fall, while adults are found at the continental
platform during summer and fall [28]. Spawning in the Gulf of Mexico may oc-
cur in April and from April to November [29]; larvae are rare in the west of the
Gulf. In the Brazilian coast, spring spawning probably happens in the south,
near the Rio Grande-RS (BR) coast, at Parcel dos Carpinteiros. According to the
methods of analysis used and quoted by [10], the Gonadosomatic Index (GSI) of
captured males at Rio Grande-RS (BR) shows a higher value in November, while
the Gonadosomatic Index (GSI) of females is high from October to March, with
peaks in November and March, indicating apportioned egg deposition. Spawn-
ing, seasonal migration and life cycle are strongly linked to temperature.
Spawning occurs in superficial waters with temperatures varying from 20°C to
26.8°C [17].

The bluefish, in Figure 2; is an important fishing resource all over the world,
representing a large share of all fish landings of Arraial do Cabo-R]. Its fishing
activity is intense, using purse seines, dragging nets, hand lines, gill nets and
many others [30].

Currently, fishing continues to be the main source of impact on marine and

coastal environments, contributing to the global loss of biodiversity [31] [32]
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Figure 2. Left-flank view of the Bluefish (Pomatomus saltatrix, Linnaeus, 1766). Source:
www.fishbase.org.

[33] [34]. In the Southwest Atlantic Ocean, the patterns of marine resource ex-
ploitation are similar to those reported all over the world [33] [34] [35] [36],
with generalized population decreases and collapsed stocks [34] [37] [38] [39].
The history of production in Brazil shows different levels over time, with the
tendency to downfall. During the 70’s, production was around 16 thousand tons,
while in the 80’s it went down to 8 thousand tons. For the last two decades, it has
been stable around 4 thousand tons, a clear index of over exploitation. In the be-
ginning of the 70’s, fishing was 400% higher. The state of Rio de Janeiro is
known for keeping a constant production since the 90’s, annually producing
around 1 thousand ton [10]. It is estimated that 23% of all marine fishery stocks
in Brazil are being totally exploited and 33% are being over exploited, including
species of lower trophic levels [40] [41] [42].

The bluefish is framed into the category of over exploited living resources,
those that, from such a high level of capture of specimens of all ages, show a re-
duction lower than safe levels in biomass, potential to spawn and future captures
[43]. A management plan must be developed, aiming to recovery the stock and
the sustainability of the species’ fishing [43]. Brazilian Normative Instruction
MMA N.53/2005 currently establishes, among other species of fish, a minimum
of 350 mm size for captured Pomatomus saltatrix, specimens with possible first
spawning already performed and possible matures, as long as there is no use of
gill nets or part in amateur fishing competitions. This norm has a poor regional
validity and extends through the coast of the states of Espirito Santo (BR); Rio de
Janeiro (BR) with fishing tackle or prohibition not yet attributed; Sdo Paulo
(BR); Parand (BR); Santa Catarina (BR) and Rio Grande do Sul (BR) [10].

Size variation has important implications on many aspects of fisheries science
and population dynamics [44]. Studies on Length-Weight Relationship (LWR)
are very limited [45]-[50]. The study of LWRs is considered important to obtain
different types of information such as growth rates, age structures, age at first
maturity, stock discrimination and studies on population dynamics [50]-[58] to
subsidize futures and betters fisheries managements around the world. Other
than that, LWRs can also be used to find the relative condition factor, establish-
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ing performance equations to estimate the number of fish landings and compare
the population in space and time [59]. LWRs are usually calculated through li-
near regression of data transformed into logarithms. According to the literature,
the Ordinary Least Square Method (OLS), or “predictive” regression [60], is the
most commonly applied method to estimate LWR’s parameters. Parameter “b”
of the LWR equation (W = aL"), where W = Total Weight (TW) and L = Total
Length (TL), also known as the isometry coefficient, has an important biological
meaning, indicating the rate of weight increase related to length increase. Varia-
bility in the value of “b” is usually detected among different populations of the
same species or within the same population at different times. This may be a
reflection of changes in conditions related to feeding, reproduction or migratory
activities of individuals [61] [62]. The maximum length and weight are impor-
tant parameters used to study life histories and fisheries science. Therefore, it is
important to regularly update the maximum size of commercially relevant spe-
cies [63].

The idea of creating the Arraial do Cabo Marine Extractive Reserve (RESEX-
Mar), a Conservation Unit (UCs or CUs) for sustainable use, emerged as a
comeback to the industrial fishing fleets that come from big cities and have been
invading the seas of Arraial do Cabo since the 80’s [64] [65], conducting fishing
activities in areas used by local artisanal fishermen. It was the first Marine Ex-
tractive Reserve in Brazil, created by a Presidential Decree in January 3, 1997
[66]. The establishment of a National System of Conservation Units (SNUC) by
Law N. 9.985/2000 caused some changes in the definition of extractive reserve in
Decree 98.897/90, which described it as a territory purposed for autosustainable
exploitation of natural resources by extractive populations, managed by Chico
Mendes Institute of Biodiversity Conservation (ICMBio), created by Federal Law
11,516 of August 28, 2007. In these terms, the RESEX-Mar becomes a co-managed
instrument of natural resources and marine ecosystems, for it distributes the
power of decision among the State and the communities of people who use these
resources [67].

Currently, the city of Arraial do Cabo, may be considered as one of the most
traditional fisheries nuclei in the Rio de Janeiro State, due to its production in-
dexes [68]. According to national statistics, these indexes place Arraial do Ca-
bo-RJ among the cities with the greatest fishery productions in the country [69].
This kind of pressure may lead to the depletion and abandonment of the man-
agement model agreed upon in local cultures [67].

The main purpose of this work is evaluating the growth of bluefish through
the distribution of length frequency (One-way-ANOVA) to provide information
on the Length-Weight Relationships (LWRs) of bluefish (Pomatomus saltatrix,
Linnaeus, 1766) a key captured fishing resource that represents a substantial part
of the landings at RESEX-Mar, coast of Arraial do Cabo-R]. And through daily
collection, of data from commercial captures bought, for a year, reveal possible
changes undergone by the species during its growth throughout the months
(season annual distribution). Considering that the region is an important
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RESEX-Mar, a Conservation Unit for sustainable use, it also has the purpose of
summarize information on fishing activities and captures of the species to the
community. These data will be presented to the local agencies in order to sub-
sidize a future and better fisheries management of the studied area. And, if
possible, the model of the present study can be applied to other conservation

units around the world; since, currently, there are few related studies.

2. Materials and Methods
2.1. Studied Area

Located on the east coast of Rio de Janeiro State, the region of Arraial do Cabo
(Lat. 23°S - Long. 42°W), in Figure 3; presents favorable conditions for fishing
activities.

The region has an important characteristic: a unique ocean projection in
comparison to the coast, which makes it one of the locations in the Brazilian
coast that most advances towards the sea. The geographical aspect is determi-
nant to an upwelling’s situation system, that brings up cold waters rich in nu-
trients from the South Atlantic Central Water (SACW/ACAS), with peaks dur-
ing spring and summer [70] [71].

The Arraial do Cabo-R] RESEX-Mar has a marine range of three miles off the
coast toward the ocean and 56,769 hectares of water line, according to approx-

imate geographic coordinates: Western Limit: Southern Boundary—22°5621" -
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Figure 3. The Brazilian coast, with the location of Arraial do Cabo (Lat. 23°S - Long.
42°W), located on the east coast of the Rio de Janeiro State, southeast of Brazil.
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Eastern Boundary—042°18'02"; Northwestern Limit: Southern Boundary—
22°56'00" - Eastern Boundary—041°55'30"; Southern Limit: Southern Boundary
—23°04'00" - Eastern Boundary—041°55'30"; Southeastern Boundary: Southern
Boundary—23°04'00" - Eastern Boundary—042°18'02", between Massambaba
Beach, at Pernambuca, and Pontal Beach, at the border of Cabo Frio [67] in

Figure 4.

2.2. Samplings

The samples were collected daily between March/2017 and March/2018 from
fish markets of Arraial do Cabo-R], fish landings at the Fishermen’s Harbor at
Praia dos Anjos (RESEX-Mar) and also from data conceived by the Fishing In-
stitute Foundation of Arraial do Cabo (FIPAC). The specimens, visually identi-
fied only by their external morphology, were captured in different ways such as
hand lines, long lines, dragging nets, gillnets and beach nets. They were ran-
domly sampled from fragmented cohorts of the local stock according to monthly
production and the availability of copies for sale; so that there was an integral
comprehension of the different size classes from the catches originated by the

different fishing efforts. For procedures, a primary biometry, of fresh specimens,
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Figure 4. Map of Arraial do Cabo-R] Marine Extractive Reserve (RESEX-Mar). Source: Adapted from the Nature Conservation
Units Atlas, Government of Rio de Janeiro State/SEMA, 2001.
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was carried out in Joco. For dissection, a posteriori, samples bought were taken
to the laboratory as quickly as possible and then frozen. Fish had their Total
Length (TL) determined in millimeters (mm), from the initial end (mouth) to
the final end (end of the caudal fin), starting from zero, with their left flank fac-
ing up, on the graduated ruler; and their Total Weight (TW) determined in
grams (g) on the electronic balance, Marte AC10k model.

2.3. Analysis

The estimated values of LWRs were calculated using the equation W = aL® [72].
This may be shown in a linear regression way after the logarithmic transfor-
mation through log W = log(a) + b log(L), where W represents the Total
Weight-TW (g), and L the Total Length-TL (mm), “a” is the intercept and “b” is
the parameter of the inclination growth curve. The null hypothesis of Isometric
Growth (HO b = 3) were assumed. If inclinations (b) were significantly different
from 3, for growth types will indicate Allometric Positive (b > 3) or Allometric
Negative (b < 3) [73]. The value of “b” is considered as a regularly distributed
logarithm [74] and reflects the species’s morphology [75]. For sex determina-
tion, only the classification according to the macroscopic visual analysis of the
gonads was performed. The Analysis of Variance ANOVA (One-Way) and Tu-
key test were employed to evaluate if there was differences among the samples
between the months. The degree of association (correlation) between variables
was calculated through the R*> determination coefficient (0 to 1). All of the statis-
tical analyses were confronted by the level or significance of p < 0.05.

The descriptive statistics derived from the use of statistic functions of
MICROSOFT EXCEL® 2007 and of STATISTICA™.

3. Results

In total, N = 2057 bluefish were collected and, among them, N = 202 were
bought and dissected. Females (N = 109/53.9%) slightly prevailed over Males (N
= 59/29.2%), being 1.84/1 the sex ratio proportion; and over samples of Unsexed
specimens (N = 34/16.8%). The term “Unsexed” refers to those specimens, to
which the authors were unable to identify the sex, from the macroscopic visual
analysis of the gonads only, since they are extremely filamentous, thus hindering
their sexual differentiation. According to the results, there was low statistically
meaningful differences between months in terms of length and weight (p <
0.05), with Females tending to be larger between sexes. Minimum and maximum
bluefish’s Total Length (TL) varied between 201 mm, in February/2018, and 915
mm, in September/ 2017, respectively. The average TL was of 541 mm and the
average Total Weight (TW) of 1428.5 g.

The LWRs showed high association (correlation) between length and weight
of bluefish, all confronted by the level or significance of p < 0.05. The values of
R? (0 to 1) for Females, Males, Unsexed specimens and for Overall were, defined
as 0.990; 0.988; 0.981 and 0.932, respectively. The LWRs, for Females, Males,
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Unsexed specimens and for Overall were defined as W = 3E-05L*"; W =
2E-05L*% W = 6E—-05L*® and W = 9E-05L%°, respectively in Figure 5. The
LWR’s parameters of fish are affected by the external environment, degree of
stomach fullness, maturity of the gonads, diet, sex, etc. In the present study, we
especially reference the general upwelling’s peaks influence [76] [77] [78].

The LWR’s “b” parameters usually vary from 2.0 to 3.5 [79]. In the present
study, the estimated growth coefficient (b), for Females, Males, Unsexed speci-
mens and for Overall, were within the references expected interval of 2.50 - 3.33
(they were: Females “b” = 2.781, (deviation (HO b = 3) = 0.219); Males “b” =
2.844, (deviation (HO b = 3) = 0.156); Unsexed specimens “b” = 2.657, (deviation
(HO b = 3) = 0.343) and Overall “b” = 2.617, (deviation (HO b = 3) = 0.383)), all
showed low deviation. According to the results of the present study and accord-
ing to the references compared, the type of growth of the bluefish were Allome-
tric Negative (b < 3), for Females, Unsexed specimens and for Overall. For
Males, the type of growth was considered Isometric (b = 3, or next) in Figure 5.

In the present study, the results of the averages for TL and for TW, for overall
fishes, showed that the month of May (autumn) of 2017 and the month of Feb-
ruary (summer) of 2018 presented the highest (627 mm and 2061.3 g) and the
lowest (435 mm and 822.6 g), respectively. For the separated sexes, bought and
dissected specimens, the highest averages (556 mm and 1569.2 g) were in June
(winter) of 2017 and the lowest averages (274 mm and 289.5 g) were also in

February (summer) of 2018.

LWR of Bluefish (Females: N = 109) LWR of Bluefish (Males: N = 59)
& 7000 - = 4000 -
= 6000 - E 3500 - e
5000 - 3000 -
(7] i D -
2 300 2 1500
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Figure 5. The general Length-Weight Relationships (LWRs/p < 0.05) of the Bluefish, Pomatomus saltatrix (Linnaeus, 1766),
Pisces: Pomatomidae, from the area of Arraial do Cabo-R] RESEX-Mar, Brazil.

DOI: 10.4236/0alib.1104770 10 Open Access Library Journal


https://doi.org/10.4236/oalib.1104770

R. Cumplido et al.

The distributions of TL Classes (mm) for the bluefish, in the present study,
mostly presented a normal growth curve, corroborating with the description of
the references and with being expected in Figure 6.

The monthly distribution of TL Classes (mm) for the separated sex, according
to production and the availability of copies for sale, presented smaller difference
and standard deviation among the means as expected in Figure 7, probably,
caused by the lower number of samples (N).

For Overall, the monthly distribution of TL Classes (mm), according to the
analysis below (One-way-ANOVA) employed to evaluate if there were differences
among the monthly samples, with the Tukey test presenting F = 94.6 and p = 0.0
(p £ 0.05) and with the result of Kruskal-Wallis test (KW) of 822.5; p = 0.0 (p <
0.05), showed a low difference between the averages of the growth rates between

the months sampled thus presenting low standard deviation too in Figure 8.

4. Discussion

Studies demonstrate that most fish do not change their body shapes as adults
[75]. Very strong deviations of b = 3 usually result from questionable studies
[74] [75]. The Length-Weight Relationship parameters are extremely important
for the biology of fish and their fisheries management [80]. The Le Cren’s con-
cept hypothetically affirms that the ideal “b” value for fish is 3, indicating an
Isometric Growth that is broadly used as a scale in the study of LWRs [81]. Dif-
ferent “b” values refer to fishing periods, abiotics ecological factors, food provi-

sion, spawning conditions, etc. The type of growth of the species may change

Distribution of Total Length Classes (Females: N = 109) - Distribution of Total Length Classes (Males: N = 59)
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Figure 6. The general Distribution of Total Length Classes (mm) of the Bluefish, Pomatomus saltatrix (Linnaeus, 1766), Pisces:
Pomatomidae, from the area of Arraial do Cabo-R] RESEX-Mar, Brazil.
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Figure 8. One-way-ANOVA: Mean values, standard deviation and significance analysis
(Tukey’s test, Kruskal-Wallis Test and p’s) of the Total Length values (mm) for Bluefish,
Pomatomus saltatrix (Linnaeus, 1766), Pisces: Pomatomidae, from the area of Arraial do

Cabo-R] RESEX-Mar, Brazil.
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among locals. Intra-specific variations in the Length-Weight Relationships might
happen due to variations in ecological conditions of habitats, in physiology or in
any of those [59]. Other than that, these differences depend on time and size of
the sample, greatest amplitude, on the non-selective fishing equipment, on sea-
sonality, fishing pressure, reproductive season, etc.

When comparing LWRs available in the literature, one can find and extensive
variability of parameters for this species in Figure 9. Variables related to sam-
pling include the size of the sample, the distribution of length, the type of length
measurement, while nutritional conditions represent the intrinsic biological va-
riability [82].

It is known that individuals in populations that are exposed to high levels of
mortality and/or fishing pressure will respond by reproducing in medium size
and lower ages [83]; with the LWR’s Relationship growths parameter “b” tend-
ing to present Allometric Negative (b < 3) or Allometric Positive (b > 3). Para-
meter “b” of the LWR equation (W = aL"), where W = Total Weight (TW) and L
= Total Length (TL), also known as the isometry coefficient, has an important
biological meaning, indicating the rate of weight increase related to length in-
crease. Variability in the value of “b” is usually detected among different popula-
tions of the same species or within the same population at different times. This
may be a reflection of changes in conditions related to feeding, reproduction or
migratory activities of individuals [61] [62].

The pattern for bluefish captures through the years has shown significant re-
ductions in the local stock. During the 60’s, great captures were averaged in

References Location N (sample size) Sex Length range (mm)  Length Type a (Parameter of LWR) b (Parameter of LWR)  Growth Type
[88] South Atlantic Overall - TL 0.010 2.770 A-
[89] Middle Black Sea Overall - TL 0.038 2.560 A-
[90] South Coast of Brazil 92 Overall 240.0 - 480.0 TL 6.00E-06 3.050 1
[91] South Coast of Brazil 275 Overall 86.0 - 250.0 TL 6.79E-06 3.050 1
[92] Atlantic Overall 86.0 - 910.0 TL 0.091 3.010 I
[45] Middle Coast of Brazil 67 Overall 480.0 - 755.0 - 0.059 2.500 A-
[93] Aegean & Marmara Sea 2817 Overall 84.0 - 453.0 FL 0.006 3.220
[46] Middle Black Sea 76 Females 143.0 - 217.0 TL 0.011 2.920 1

67 Males 132.0 - 217.0 TL 0.015 2.790 A-
143 Overall 132.0 - 217.0 TL 0.013 2.860 A-
[48] Middle Black Sea 820 Overall 92.0 - 234.0 TL 0.003 3.320
[47] Eastern Black Sea 14 Overall 116.0 - 222.0 TL 0.003 3.330 A+
[94] North Marmara Sea 290 Overall 106.0 - 240.0 TL 0.032 2.520 A-
[23] Black Sea 25 Overall 125.0 - 202.0 TL 0.009 3.000
[49] South Marmara Sea 503 Females 131.0 - 370.0 TL 0.010 2.960 1
447 Males 123.0 - 473.0 TL 0.010 2.970 I
280 Unsexed 130.0 - 316.0 TL 0.015 2.830 1
1230 Overall 123.0 - 473.0 TL 0.010 2.950 I
[50] Middle Black Sea Overall 135.0 - 236.0 TL 0.008 3.120 A+
The Present Study Southeast Coast of Brazil 109 Females 241.0 - 915.0 TL 3.00E-05 2.781 A-
59 Males 222.0 - 741.0 TL 2.00E-05 2.844 I
34 Unsexed 230.0 - 780.0 TL 6.00E-05 2.657 A-
2057 Overall 201.0 - 915.0 TL 9.00E-05 2.617 A-

I: Isometric; A+: Positive allometric and A—: Negative allometric.

Figure 9. Extra Compiled: A table of the Length-Weight Relationships (LWRs) of Bluefish, Pomatomus saltatrix (Linnaeus, 1766),
from different studies, years and locations; including the present study.
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18,000 kg. From the 80’s on, production started to decrease. Nowadays, around
370 kg of bluefish per day is considered great. Studies show that, in fifty years
(1960 to 2010), the quantity of captured bluefish in a good day has decreased in
approximately 70%. A study showed that the Capture per Unit Effort (CPUE)
varied from 14.2 tons per hour in 1996 to 0.3 ton per hour in 2004, with a yearly
average of 4 tons per hour [34]. According to data provided by FIPAC, the total
monthly capture of bluefish, resulting from the productive sum between all
fishing efforts, from January/2017 to February/2018, varied from 8559 to 14,326
kg, presenting the lowest capture of 2361 kg in September/2017 and the highest,
corresponding to 14,326 kg, in February/2018. In Arraial do Cabo, impacts on
marine ecosystems have affected the environmental base lines of three consecu-
tive generations [34]. The captivity of bluefish showed signs of excessive effort
and a possible excessive fishing.

The bluefish is considered as Vulnerable (VU A2bd), due to data uncertainty,
but there is no regulation or national listing to guarantee its protection [84] [85]
[86]. In this case, the monitoring of Arraial do Cabo-R] RESEX-Mar should have
a more precautionary function [67]. Measures for conservation, suggested by
many, include the reduction of fishing efforts by purse seines and a capture limit
for juveniles [87]; the official determination of a closure season, of 4 months-
December 1 to March 31, during the summer-autumn spawning and upwelling’s
peaks, as well as the establishment of a minimum capture size of 350 mm, spe-
cimens with possible first spawning already performed and possible matures,
probably avoiding the capture of recruits; reinforcing that the Rio de Janeiro
State (BR) is without fishing tackle or prohibition yet attributed [10].

Studies suggest a need for improved monitoring of all fisheries, including of-
ten neglected small-scale fisheries, and illegal and other problematic fisheries, as
well as discarded by-catch [95]. The low attention that small-scale fisheries en-
dure in most parts of the world [95] [96] manifests itself in potentially mislead-
ing statistics that are submitted annually by member countries of the Food and
Agriculture Organization of the United Nations (FAO), which may exclude or
substantially underreport small-scale fisheries data [95] [97].

The most important trend of the world marine fisheries catches is not one of
“stability” as carefully suggested earlier by FAO, but one of decline [95]. Until
now artisanal and subsistence fisheries generate about one-third to one-half of
the total global catch, as assessed by catch reconstructions for all maritime
countries of the world [95] [96] [97].

For the monthly analysis of Overall, there was a greater difference between the
means of TL (mm) and a greater standard deviation, since for the monthly anal-
ysis between separated sexes a smaller difference and a smaller standard devia-
tion were found, probably caused by the lower number of samples (N). However,
it can be observed that there is significant difference between the TL Classes
(mm) monthly. Any standard deviation, more pronounced, is possibly caused by

the entry of new recruits throughout the year (season annual distribution).
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The statistical test used was the Analysis of Variance-ANOVA (One-Way). It
is a parametric test used to verify if there are differences between the means of a
given variable (response variable. Ex.: TL Classes (mm)) in relation to a treat-
ment with two or more categorical levels (predictor variable. Ex.: Months). The
Tukey test for mean comparison was applied when the “F” test was significant
(at the present study, Tukey test presenting F = 94.6 and p = 0.0 (p < 0.05)). The
Kruskal-Wallis test (KW) was also applied (results at the present study: 822.5; p
= 0.0 (p < 0.05)). It is a nonparametric test used to compare three or more cate-
gorical levels. It is used to test the null hypothesis that all categorical levels have
equal distribution functions against the alternative hypothesis that at least two of
the categorical levels have different distribution functions, has no restriction on
the comparison. The degree of association (correlation) between variables was
calculated through the R determination coefficient (0 to 1), and all showed high
association (correlation) with R > 0.9. All of the statistical analyses were con-

fronted by the level or significance of p < 0.05.

5. Conclusions

The present study, with the great feedback of the local fishermen, have identified
the months of November and December (spring and summer) of 2017; January,
February and March (summer and summer-autumn) of 2017 and 2018 as the
reproductive peaks of larger adult individuals (spawning peaks) and the month
of March (summer-autumn) of 2017 and February (summer) of 2018 as the
most productive, periods coinciding with the peaks of the local upwelling. It was
observed that in 2017 the bluefish was the sixth most captured species in the
studied area. Is a remarkable fishing resource around the world, accounting for
approximately 12.7% (200 T/year) of all fish landed in the region of Arraial do
Cabo-R]J.

For effects of a better future fisheries management, it would be necessary cal-
culate and establish lower exploitation levels in reason of inaccuracies calcula-
tions in Maximum Sustainable Yield (MSY), obtained when the instantaneous
fishing mortality rate is approximately equal to the natural mortality rate. Where
values and the abiotic variables in the processes of reproduction and growth, still
not well known.

The explored stock in the region may be formed by one single cohort that,
during its period of growth, changes local and spawning season or apportioned,
or of many different subpopulations.

The present study should be used to compare the data obtained with other
studies that were carried out in different times and places. Results can be used by
biologists as a reference during researches of local fisheries. Other than that, it is
very important to provide recent data for dynamic analysis of populations, locals
stocks and others.

The knowledge over bluefish biology is extremely important to the ecology

and conservation status of this species.
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Considering that the region is an important RESEX-Mar for sustainable use,
collected more information on fishing activities and captures of the species are
real necessary. Providing these data to local agencies in order to subsidize a fu-
ture and better fisheries management of the studied area and, if possible, to oth-
er conservation units around the world, since there are few related studies, is

fundamental.
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