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Abstract: Aiming to analyse the growth pattern, to allow biomass estimates and consequently to subsidize the 
ecosystem modelling, the length-weight relationships (LWR) of 39 fish species from the Araçá Bay, a subtropical 
coastal area chosen as model for a holistic study comprising environmental, social and economic aspects have been 
estimated. The objective of this study was to provide LWR for the fishes from the area itself, accurately based on 
the life stages of fish populations present there. Particularly for Albula vulpes, Trachinotus carolinus, T. falcatus, 
Archosargus rhomboidalis and Kyphosus sectatrix these are the first records of LWR in Brazil.
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Resumo: Com o objetivo de analisar o padrão de crescimento e viabilizar estimativas de biomassas e, 
consequentemente, subsidiar a modelagem ecossistêmica, foram estimadas as relações comprimento-peso (RCP) 
de 39 espécies de peixes da baía do Araçá, uma área costeira subtropical escolhida como modelo para um estudo 
holístico compreendendo aspectos ambientais, sociais e econômicos. O objetivo deste estudo foi fornecer RCP 
para os peixes da própria área, baseadas nas estágios de vida das populações ictiícas ali presentes. Especialmente 
para Albula vulpes, Trachinotus carolinus, T. falcatus, Archosargus rhomboidalis e Kyphosus sectatrix estas são 
as primeiras estimativas de RCP no Brasil.
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Introduction

In the current ichthyology, it is noteworthy that biodiversity 
conservation and sustainability are not dissociable. Socio-ecosystem 
approach for fishery management is a fact (Baigun et al. 2012). In the 
Southwestern Atlantic Ocean comprising the Brazilian coast, there are 
many marine environments with different levels of impact (Lana et al. 
2001, Meniconi et al. 2012), consequence of global changes in local, 
medium and high scales (Ray & McCormick-Ray 2014). The Araçá 
Bay (23°48’47,3”S 45°24’22,1”W) (Figure 1) is one of them, and it 
was chosen as a model for a holistic and integrated study comprising 
biology, ecology, oceanography, economy, sociology and policy (BIOTA 
FAPESP Araçá 2015).

Araçá Bay is an area of approximately 1 Km2 subjected to daily 
tides, showing tidal pools, mangroves, rocky substrates, sandy beaches 
and the typical pelagic and benthic habitats. It shelters three beaches 
and two small islands. The Mãe Isabel stream flows in its north portion. 
In addition, it is directly affected by pollution and by the São Sebastião 

Port, which is close to the area. Fishermen live surrounding the bay 
using it and its adjacent areas for survival. Biodiversity and species 
richness in Araçá Bay are surprisingly high, playing an important role 
in the productivity of the adjacent areas (Amaral et al. 2010, 2015).

Concerning the fish population dynamics and the community 
structure, length-weight relationships (LWR) are one of the most 
useful tools in applied ichthyology and fishery management (Pauly 
1984, Froese 2006). Among their several applications (Vianna et al. 
2004, Macieira & Joeux 2009, Joeux et al. 2009, Silveira & Vaz-dos-
Santos 2015), LWR are used to estimate fish biomass, the basis for the 
ecosystem modelling (Pope et al. 2006, Gasalla et al. 2007, Maury et al. 
2007, Froese et al. 2008), one of the main purposes of the Araçá Bay 
study (BIOTA FAPESP Araçá 2015). In Brazil, these contributions have 
been used to estimate the biomass and to subsidize the modelling, as 
it is the case of demersal (Haimovici & Velasco 2000, Nascimento et 
al. 2012) and small pelagic ichthyofauna (Cergole & Dias Neto 2011, 
Vaz-dos-Santos & Rossi-Wongtschowski 2013). In order to assess 
the growth pattern of the fish species and to provide an essential tool 
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their condition in the Araçá Bay and they should be used for biomass 
estimates in this particular situation. Although almost all length 
ranges were represented in the sampling, the proportional contribution 
of small and young fishes (59% of species) was higher than that in 
adults and longer fishes (31% of species). The Sardinella brasiliensis, 
Trachinotus spp., Caranx latus and Umbrina coroides sampling were 
constituted only by young fishes, while for Archosargus rhomboidalis, 
Menticirrhus americanus, Eugerres brasilianus, Cynoscion jamaicensis 
and Gymnothorax ocellatus adults dominated the sampling. The 
remaining 10% corresponded to 3 species in which it was not possible 
to evaluate the life stage and one in which the proportion was exactly 
1:1 (Diapterus rhombeus).

Isometric growth pattern was detected in 17 species, positive 
allometry in 16 and negative allometry in 6 species (Figure 2). While the 
coefficient a is the condition factor varying due to many factors related to 
the fish biology, physiology and body shape (Braga 1986, Froese 2006), 
the coefficient b represents mainly the growth pattern usually varying 
between 2.5 and 3.5 (Froese 2006). In G. ocellatus such upper limit 
was exceeded, and this was due both to the anguilliform body (Moyle 
& Cech 2004) and the narrow amplitude of lengths (Froese 2006).

Consulting the FishBase (Froese & Pauly 2015), for Albula vulpes, 
Trachinotus carolinus, T. falcatus, Archosargus rhomboidalis and 
Kyphosus sectatrix, these are the first records of LWR in Brazil. In spite 
of the availability of LWR parameters for the other species (Froese & 
Pauly 2015), only Muto et al. (2000) studied the ichthyofauna in the 
same area, but outside the coastal environments. These authors used 
mm-g and comparisons with other studies in cm-g can be done after 
the conversion using the equation of Froese (2006). Muto et al. (2000) 
provided LWR for 57 species based on samples attained from the 
continental shelf adjacent to Araçá Bay between 1993 and 1997, but 
only 18 species (Gerreidae, Haemulidae, Sciaenidae, flounders and some 
others) were the same ones. In comparison to this study, differences 
in the LWR were found mainly for the Gerreidae family with lower b 
amounts. Such heterogeneity in the species composition and growth 
pattern (mainly isometry and positive allometry) ensure that Araçá Bay 
is a growth ground for the ichthyofauna of the area revealed by the high 
amounts of b coefficients. Only Ctenogobius boleosoma and Etropus 
crossotus are resident species; the others go to the Araçá Bay to feed 
and grow (Vaz-dos-Santos et al. 2015).

In comparison with other LWR studies of the Southwestern Atlantic, 
it is possible to verify that Araçá Bay is shared by the ichthyofauna from 
different habitats. The continental shelf is dominated by the demersal 
sciaenids (Vianna et al. 2004), pelagic clupeiforms and carangids (Vaz-
dos-Santos & Rossi-Wongtschowski 2013). In coastal environments 
(mangroves, rockpools), gerreids, gobiids and Atherinella brasiliensis 
usually predominate (Macieira & Joyeux 2009, Costa et al. 2014). 
Differences among LWR of these studies were expected due to different 
fishing gears, areas and periods, especially when it is considered the 
space (and time) scale of the present study. In such context, aiming 
the biomass estimates and ecosystem modelling, the present results 
are the most suitable: they are from the area itself and the use of nine 
fishing gears reduces (almost cancelled) selectivity. Data and results are 
representing properly and along a cycle (year) the different development 
phases of fishes using the Araçá Bay.

The presence of the young-of-the-year of the Brazilian sardine, 
Sardinella brasiliensis, in the Araçá Bay is noteworthy. This is the 

Figure 1. Map locating the Araçá Bay in the Brazilian coast, a coastal subtropical 
ecosystem.

to estimate the biomass with data from the area itself, the present 
study aimed to estimate the length-weight relationships (LWR) of the 
ichthyofauna in the Araçá Bay.

Material and Methods

Five samples (October 2012, March 2013, July 2013, October 
2013 and January 2014) were attained by using nine different fishing 
gears, ensuring ontogenetic representativeness of the ichthyofauna. 
Fish species were identified, measured (total length, LT, 0.1 mm) and 
weighed (total weight, WT, 0.001 g). Nomenclature followed Eschmeyer 
(2015). Data from samples were pooled and the potential model WT=aLT

b 
(Huxley 1993) was fitted through the non-linear iterative least squares 
method (Zar 2010). Fits were assessed through residual analysis and the 
coefficient of determination values, calculated as r2=[Σ(yp-ya)

2/Σ(yo-ya)
2], 

where yp is the predicting weight for the individual i, ya is the average 
weight and yo is the observed weight for the individual i (Vieira 2006). 
Growth pattern (whether isometric or allometric in relation to the 
referential value 3) was verified through t confidence intervals (CI) 
of b estimates: every value inside the CI is statistically similar to the 
estimate. The proportion of young and adult fishes in the sampling 
was informed, thus allowing checking the life stage represented by the 
regressions. The young fish were those assigned as immature (never 
spawned) and those ones in the other phases as adults, in accordance 
to Brown-Peterson et al. (2011).

Results and Discussion

A total of 12,362 specimens belonging to 39 species, 21 families 
and 11 orders were analysed (Table 1). The allometric coefficient (b) 
varied between 2.55 and 3.97 (mean = 3.086, median = 3.096). The 
variation of the coefficient of determination (between 0.759 and 0.999, 
mean = 0.956, median = 0.978) and residual analysis ensured the acuity 
of regressions even in the cases in which r2 values were reduced by 
the biological variability. Especially in these cases, it is important to 
highlight that these models represent the portion of the population and 



3

Length-weight relationships of Araçá Bay

Biota Neotrop., 16(3): e20160192, 2016

http://dx.doi.org/10.1590/1676-0611-BN-2016-0192	 http://www.scielo.br/bn

Ta
bl

e 
1.

 N
um

be
r o

f fi
sh

es
 (n

), 
to

ta
l l

en
gt

h 
ra

ng
e,

 p
ar

am
et

er
s 

an
d 

t c
on

fid
en

ce
 in

te
rv

al
s 

(C
I)

 o
f t

he
 p

ot
en

tia
l m

od
el

 (W
T=

aL
Tb ),

 c
oe

ffi
ci

en
t o

f d
et

er
m

in
at

io
n,

 re
la

tiv
e 

gr
ow

th
 p

at
te

rn
 (i

 =
 is

om
et

ric
; a

 =
 a

llo
m

et
ric

; 
+ 

= 
po

si
tiv

e;
 - 

= 
ne

ga
tiv

e)
 a

nd
 p

er
ce

nt
ag

e 
of

 in
di

vi
du

al
s b

y 
lif

e 
st

ag
e.

O
rd

er
Fa

m
ily

Sp
ec

ie
s

n
To

ta
l l

en
gh

t (
m

m
)

a
±

C
I

b
±

C
I

r2
gr

ow
th

 
pa

tt
er

n
%

 o
f l

ife
 st

ag
e

m
in

im
un

av
er

ag
e

m
ax

im
um

yo
un

gs
ad

ul
ts

A
lb

ul
ifo

rm
es

A
lb

ul
id

ae
Al

bu
la

 v
ul

pe
s

(L
in

na
eu

s, 
17

58
)

60
32

78
21

0
6.

57
1.

10
-6

±
2,

20
1.

10
-6

3,
05

±
0,

06
3

0,
98

4
i

78
22

A
ng

ui
lif

or
m

es
M

ur
ae

ni
da

e
G

ym
no

th
or

ax
 o

ce
lla

tu
s

A
ga

ss
iz

, 1
83

1
38

33
2

40
2

52
2

4.
16

9.
10

-9
±

0,
10

0.
10

-1
0

3,
97

±
0,

41
9

0,
93

3
a+

16
84

C
lu

pe
ifo

rm
es

En
gr

au
lid

ae
An

ch
oa

 tr
ic

ol
or

(S
pi

x 
&

 A
ga

ss
iz

, 1
82

9)
11

1
35

73
10

3
7.

67
0.

10
-6

±
4,

75
6.

10
-6

2,
99

±
0,

14
2

0,
93

1
i

71
29

C
lu

pe
id

ae
H

ar
en

gu
la

 c
lu

pe
ol

a
(C

uv
ie

r, 
18

29
)

65
4

39
74

21
2

6.
33

1.
10

-6
±

7,
85

4.
10

-7
3,

12
±

0,
02

5
0,

98
3

a+
97

3

Sa
rd

in
el

la
 b

ra
si

lie
ns

is
(S

te
in

da
ch

ne
r, 

18
79

)
53

8
43

78
11

6
1.

30
6.

10
-6

±
3,

92
9.

10
-7

3,
41

±
0,

05
7

0,
99

0
a+

10
0

--
-

A
ul

op
ifo

rm
es

Sy
no

do
nt

id
ae

Sy
no

du
s f

oe
te

ns
(L

in
na

eu
s, 

17
66

)
77

56
16

9
23

8
2.

99
0.

10
-6

±
2,

19
1.

10
-6

3,
13

±
0,

13
7

0,
99

0
i

66
34

M
ug

ili
fo

rm
es

M
ug

ili
da

e
M

ug
il 

cu
re

m
a

Va
le

nc
ie

nn
es

, 1
83

6
12

72
25

12
9

45
2

1.
67

2.
10

-5
±

3,
33

5.
10

-6
2,

90
±

0,
03

3
0,

98
6

a-
73

27

A
th

er
in

ifo
rm

es
A

th
er

in
op

si
da

e
At

he
ri

ne
lla

 b
ra

si
lie

ns
is

(Q
uo

y 
&

 G
ai

m
ar

d,
 1

82
5)

17
60

22
89

15
1

4.
54

2.
10

-6
±

3,
92

3.
10

-7
3,

10
±

0,
02

1
0,

98
6

a+
42

58

B
el

on
ifo

rm
es

H
em

ira
m

ph
id

ae
H

yp
or

ha
m

ph
us

 u
ni

fa
sc

ia
tu

s
(R

an
za

ni
, 1

84
1)

63
11

6
19

9
32

2
2.

56
2.

10
-7

±
1,

99
9.

10
-7

3,
45

±
0,

09
9

0,
95

9
a+

34
66

Sc
or

pa
en

ifo
rm

es
Tr

ig
lid

ae
Pr

io
no

tu
s p

un
ct

at
us

(B
lo

ch
, 1

79
3)

15
5

22
10

4
22

0
1.

39
4.

10
-5

±
2,

56
8.

10
-6

2,
98

±
0,

03
4

0,
98

6
i

64
36

Pe
rc

ifo
rm

es
C

en
tro

po
m

id
ae

C
en

tro
po

m
us

 p
ar

al
le

lu
s

Po
ey

, 1
86

0
24

20
0

31
8

40
3

1.
30

7.
10

-4
±

2,
61

0.
10

-4
2,

55
±

0,
34

2
0,

89
6

a-
--

-
--

-

Se
rr

an
id

ae
D

ip
le

ct
ru

m
 ra

di
al

e
(Q

uo
y 

&
 G

ai
m

ar
d,

 1
82

4)
11

0
55

14
8

24
6

2.
64

5.
10

-6
±

1,
18

9.
10

-6
3,

32
±

0,
08

9
0,

97
8

a+
49

51

C
ar

an
gi

da
e

C
ar

an
x 

la
tu

s
A

ga
ss

iz
, 1

83
1

37
59

17
1

22
5

3.
76

5.
10

-5
±

4,
05

6.
10

-5
2,

82
±

0,
20

8
0,

95
6

i
10

0
--

-

C
hl

or
os

co
m

br
us

 c
hr

ys
ur

us
(L

in
na

eu
s, 

17
66

)
50

38
11

8
21

0
2.

07
0.

10
-5

±
1,

16
6.

10
-5

2,
85

±
0,

10
8

0,
99

9
a-

57
43

O
lig

op
lit

es
 sa

ur
us

(B
lo

ch
 &

 S
ch

ne
id

er
, 1

80
1)

21
1

20
54

25
4

3.
19

4.
10

-6
±

3,
94

3.
10

-7
3,

17
±

0,
02

2
0,

99
9

a+
94

6

Tr
ac

hi
no

tu
s c

ar
ol

in
us

(L
in

na
eu

s, 
17

66
)

91
18

34
62

1.
48

8.
10

-5
±

6,
75

5.
10

-6
2,

99
±

0,
11

2
0,

99
9

i
94

6

Tr
ac

hi
no

tu
s f

al
ca

tu
s

(L
in

na
eu

s, 
17

58
)

11
5

18
37

65
3.

51
1.

10
-5

±
1,

34
7.

10
-5

2,
87

±
0,

10
0

0,
86

5
a-

10
0

--
-

Tr
ac

hi
no

tu
s g

oo
de

i
Jo

rd
an

 &
 E

ve
rm

an
n,

 1
89

6
31

62
97

12
5

1.
13

9.
10

-5
±

1,
63

4.
10

-5
3,

01
±

0,
29

4
0,

96
8

i
10

0
--

-

Lu
tja

ni
da

e
Lu

tja
nu

s a
na

lis
(C

uv
ie

r, 
18

28
)

31
39

20
3

41
0

1.
29

6.
10

-5
±

7,
75

0.
10

-6
3,

01
±

0,
10

1
0,

99
9

i
64

36

Lu
tja

nu
s s

yn
ag

ri
s

(L
in

na
eu

s, 
17

58
)

38
54

12
0

31
6

3.
77

9.
10

-5
±

1,
05

4.
10

-5
2,

81
±

0,
04

9
0,

99
9

a-
77

23

G
er

re
id

ae
D

ia
pt

er
us

 rh
om

be
us

(C
uv

ie
r, 

18
29

)
10

38
14

12
4

25
8

3.
99

9.
10

-6
±

5,
88

7.
10

-7
3,

27
±

0,
03

3
0,

97
1

a+
50

50

Eu
ci

no
st

om
us

 a
rg

en
te

us
B

ai
rd

 &
 G

ira
rd

, 1
85

5
25

52
17

76
18

9
1.

04
9.

10
-5

±
2,

15
7.

10
-6

3,
03

±
0,

04
5

0,
98

2
i

60
40

Eu
ci

no
st

om
us

 g
ul

a
(Q

uo
y 

&
 G

ai
m

ar
d,

 1
82

4)
16

3
73

13
7

20
5

6.
51

5.
10

-6
±

3,
15

9.
10

-6
3,

16
±

0,
09

3
0,

96
7

a+
51

49

Eu
ci

no
st

om
us

 m
el

an
op

te
ru

s
(B

le
ek

er
, 1

86
3)

87
28

17
4

23
0

1.
17

7.
10

-5
±

1,
39

2.
10

-5
3,

02
±

0,
23

1
0,

95
1

i
36

64

Eu
ge

rr
es

 b
ra

si
lia

nu
s

(C
uv

ie
r, 

18
30

)
35

15
2

19
4

26
9

8.
61

4.
10

-6
±

1,
01

6.
10

-5
3,

10
±

0,
22

6
0,

99
1

i
11

89

H
ae

m
ul

id
ae

H
ae

m
ul

on
 st

ei
nd

ac
hn

er
i

(J
or

da
n 

&
 G

ilb
er

t, 
18

82
)

56
99

15
4

25
8

1.
57

3.
10

-5
±

8,
81

8.
10

-6
2,

99
±

0,
10

5
0,

96
8

i
71

29

O
rt

ho
pr

is
tis

 ru
be

r
(C

uv
ie

r, 
18

30
)

25
6

54
84

14
8

1.
95

3.
10

-5
±

5,
31

7.
10

-6
2,

94
±

0,
05

8
0,

97
8

i
70

30

H
ae

m
ul

op
sis

 c
or

vi
na

ef
or

m
is

(S
te

in
da

ch
ne

r, 
18

68
)

14
77

46
12

0
17

8
8.

43
2.

10
-6

±
1,

17
7.

10
-6

3,
11

±
0,

02
8

0,
97

3
a+

34
66

Sp
ar

id
ae

Ar
ch

os
ar

gu
s r

ho
m

bo
id

al
is

(L
in

na
eu

s, 
17

58
)

46
16

13
5

19
1

9.
16

8.
10

-6
±

5,
43

8.
10

-6
3,

14
±

0,
12

0
0,

99
9

a+
--

-
10

0

Sc
ia

en
id

ae
C

te
no

sc
ia

en
a 

gr
ac

ili
ci

rr
hu

s
(M

et
ze

la
ar

, 1
91

9)
18

7
42

10
7

14
5

3.
76

5.
10

-6
±

1,
97

3.
10

-6
3,

26
±

0,
10

4
0,

89
2

a+
59

41

C
yn

os
ci

on
 ja

m
ai

ce
ns

is
(V

ai
lla

nt
 &

 B
oc

ou
rt,

 1
88

3)
10

9
12

4
19

2
26

9
6.

38
2.

10
-6

±
6,

34
3.

10
-6

3,
13

±
0,

18
8

0,
82

9
i

14
86

M
en

tic
ir

rh
us

 a
m

er
ic

an
us

(L
in

na
eu

s, 
17

58
)

61
28

23
4

42
5

5.
67

1.
10

-6
±

5,
20

1.
10

-6
3,

13
±

0,
15

6
0,

98
4

i
5

95

U
m

br
in

a 
co

ro
id

es
C

uv
ie

r, 
18

30
38

70
11

1
18

5
1.

87
1.

10
-6

±
1,

41
8.

10
-6

3,
38

±
0,

14
5

0,
99

9
a+

10
0

--
-

G
ob

iid
ae

C
te

no
go

bi
us

 b
ol

eo
so

m
a

(J
or

da
n 

&
 G

ilb
er

t, 
18

82
)

14
5

20
39

55
1.

70
6.

10
-5

±
1,

38
4.

10
-5

2,
81

±
0,

21
3

0,
86

0
i

--
-

--
-

K
yp

ho
si

da
e

K
yp

ho
su

s s
ec

ta
tr

ix
(L

in
na

eu
s, 

17
58

)
30

23
23

7
46

2
5.

82
9.

10
-6

±
5,

52
2.

10
-6

3,
20

±
0,

15
6

0,
99

3
a+

--
-

--
-

Pl
eu

ro
ne

ct
ifo

rm
es

Pa
ra

lic
ht

hy
id

ae
C

ith
ar

ic
ht

hy
s s

pi
lo

pt
er

us
G

ün
th

er
, 1

86
2

10
1

40
11

2
19

9
2.

70
4.

10
-6

±
7,

93
6.

10
-7

3,
26

±
0,

06
1

0,
96

9
a+

63
37

Et
ro

pu
s c

ro
ss

ot
us

Jo
rd

an
 &

 G
ilb

er
t, 

18
82

38
7

30
89

14
3

2.
90

7.
10

-6
±

7,
86

4.
10

-7
3,

28
±

0,
05

4
0,

75
9

a+
28

72

Sy
ac

iu
m

 p
ap

ill
os

um
(L

in
na

eu
s, 

17
58

)
38

52
11

2
15

5
1.

10
4.

10
-5

±
1,

21
6.

10
-6

3,
01

±
0,

21
6

0,
97

2
i

79
21

Te
tra

od
on

tif
or

m
es

Te
tra

od
on

tid
ae

Sp
ho

er
oi

de
s g

re
el

ey
i

G
ilb

er
t, 

19
00

90
43

87
17

4
1.

12
6.

10
-4

±
5,

92
1.

10
-5

2,
64

±
0,

10
9

0,
86

9
a-

46
54



4

Vaz-dos-Santos, A.M. & Gris, B.

Biota Neotrop., 16(3): e20160192, 2016

http://www.scielo.br/bn	 http://dx.doi.org/10.1590/1676-0611-BN-2016-0192

Figure 2. Frequency distribution of b values for 39 species caught in the Araçá 
Bay, a coastal subtropical ecosystem.

most important fishery resource in Brazil (MPA 2011), spawning along 
the continental shelf (Matsuura 1998). The displacement to a coastal 
ecosystem indicates the importance of Araçá Bay to the recruitment 
of the species.
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