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Abstract A total of 160 barramundi’s (Lates calcarifer Bloch, 1790) sampled from four rivers (Tentulia,
Balaswar, Bakkhali, and Andarmanik) along the southern coastal region of Bangladesh were investigated
in terms of morphometric characters to reveal the intraspeciﬁc variation. Twenty-ﬁve morphometric
measurements were extracted using the conventional method and subjected to multivariate analyses (i.e.,
principal component analysis (PCA), discriminate function analysis (DFA), cluster analysis (CA)) to
distinguish individuals from diﬀerent rivers. The result demonstrated that twenty-two out of 25 measurements
was statistically signiﬁcant (Univariate ANOVA) among all four populations. PCA analysis of morphometric
characters resulted in two principal components, PC I and PCII which accounted for 79.25% and 4.28% of
the total data variance. PC I-PC II plot explained 83.53% of total variance diﬀerentiated the population of L.
calcarifer into two groups. Discriminate analysis correctly classiﬁed about 88.1% of the examined ﬁsh into
the four areas. The UPGMA dendrogram showed that Bakkhali populations were the most morphologically
diﬀerent populations in comparison to other populations, while Andarmanik and Balaswar populations were
very close to each other. The strong morphometric variation between Bakkhali and Tentulia, Andarmanik
and Balaswar was observed in the present study, suggested the evidence of the separate stock population
of barramundi in these locations, which might require distinct stock management strategies for resource
sustainability in the waters of southern Bangladesh. However, if these ﬁndings are supported by further
molecular markers and geometric morphometry, this would be a strong indication of diﬀerent stocks of this
population in the four rivers of southern Bangladesh.
Keyword: intraspeciﬁc diversity; morphometric characters; stock structure; Lates calcarifer; Bangladesh

1 INTRODUCTION
The study of morphometric variation among ﬁsh
population has substantial signiﬁcance in ﬁsheries
science from various perspectives including evolution,
optimization of yield, ecology, a design of biological
sampling program, water resources management and
conservation, and stock assessment (AnvariFar et al.,
2011; Chaklader et al., 2016a; Siddik et al., 2016a, b).
Investigation of phenotypic characters is very useful
for demonstrating the degree of intraspeciﬁc variation
within a population since the evolutionary adaptation
of a species to its environment is most easily perceived
by ﬁsh morphometry (Karakousis et al., 1991;

Pinheiro et al., 2005). However, the stock structure
can be used as an eﬀective tool for the commencement
of management strategies for conserving the ﬁsh
species, subspecies, stocks and races (Turan et al.,
2005). Understanding stock structure is a prerequisite
for developing ﬁsheries management plans as poor
knowledge of stock structure can lead to a variety of
problems, including, loss of genetic diversity (Smith
et al., 1991), rapid changes in biological characteristics
and productivity of a species (Ricker, 1981),
overﬁshing less productive stocks (Graham, 1982),
* Corresponding author: mrreaz.chaklader@postgrad.curtin.edu.au

1394

J. OCEANOL. LIMNOL., 37(4), 2019

100 km
N

Ri
ve
r
Ba
kk
ha
li

da

An

22°

Bal
asw
rm
ar R
an
iver
i
Riv k
er
Ten
tuli
aR
iver

24°

Bay of Bengal

90°

92° E

Fig.1 Map of the southern coastal region of Bangladesh
showing four sampling rivers, the Balaswar,
Andarmanik, Tentulia, and Bakkhali

and inaccurate predictions about the stock could result
in recruitment loss and reduced yields (Begg et al.,
1999; Hanif et al., 2015). Therefore, over the years,
many researchers have conducted a good number of
studies on the stock structure of ﬁsh using the
morphometric characters (Turan et al., 2006;
Chaklader et al., 2015; Miyan et al., 2016; Nahar et
al., 2018).
The southern coastal rivers and estuaries of
Bangladesh are unique and productive ecosystem
serving as feeding, breeding and nursery grounds for
a variety of ﬁsh fauna (Chaklader et al., 2016b, 2018;
Siddik et al., 2016d, 2017; Hanif et al., 2017a, b;
Nahar et al., 2018). Lates calcarifer, a euryhaline and
catadromous food ﬁsh (Kungvankij et al., 1986;
Yadav, 1999) belonging to family Latidae of order
Perciformes is commonly known as ‘Barramundi’. It
is an important coastal and estuarine ﬁsh widely
distributed in Indo-West Paciﬁc region from the
Arabian Gulf to China, Papua New Guinea, and
Northern Australia (Nelson, 1994; Yadav, 1999; Yue
et al., 2009). This species is famous as a table ﬁsh for
its delicate ﬂavored ﬂesh, nutritional value and for
commanding a high, stable price in the Bangladeshi
markets (Siddik et al., 2016c; Luna, 2018). Previously,
this species was abundantly available in the estuaries
of Bangladesh especially in the coastal part of the Bay
of Bengal of southern Bangladesh. Nowadays, this
diadromous population has experienced a drastic
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decline over the entire coastal region of Bangladesh
possibly due to anthropogenic activities (pollution,
damming, indiscriminate and illegal ﬁshing), invasion
of exotic ﬁsh, habitat loss, and even global climate
change consequence (Kungvankij et al., 1986; Siddik
et al., 2015).
Although multitude wave of studies have been
carried out on wild and cultured population of Asian
seabass in diﬀerent countries to delineate genetic
diversity using mitochondrial DNA sequences
(Chenoweth et al., 1998; Doup et al., 1999), allozymes
(Keenan, 1994), microsatellites (Yu at al., 2002; Zhu
et al., 2006), there is a little information on the stock
structure of Lates calcarifer from the coastal region
of Bangladesh, despite their enormous economic
signiﬁcance. Hence, the present study was undertaken
to investigate the intraspeciﬁc diversity in
morphological characters of Lates calcarifer
inhabiting in four coastal rivers of southern
Bangladesh.

2 MATERIAL AND METHOD
2.1 Sampling of ﬁsh
A total of 160 samples of Lates calcarifer were
obtained from Bakkhali (n=39), Tentulia (n=38),
Andarmanik (n=40), and Balaswar (n=43) rivers
located in southern Bangladesh which all ﬂow directly
into the Bay of Bengal. Fifty samples were targeted at
each site as Reist (1985) and Turan et al. (2006)
recommended using at least 25 samples for
morphological analysis. Samples were caught using
commercial ﬁshing nets and the majority of samples
were captured with the assistance of municipal
harvesters or management authorities. After
collection, samples were kept frozen at -20°C for
transport to the laboratory. The sample size, sampling
gear, date of collection and GPS coordination are
presented in Table 1 and Fig.1.
2.2 Laboratory work
Morphometric
measurements
based
on
conventional orthogonal methods were taken on the
left side of the body between the perpendicular plane
and the horizontal plane on which the ﬁsh was resting,
not following the curve of the body (Fig.2). All
conventional morphometric characters were measured
from the undamaged de-frozen samples using a digital
slide caliper to the nearest 0.1 cm and total mass was
weighed using a digital balance to the nearest 0.1 g
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Table 1 Sampling details of Lates calcarifer including the population name (river), number of samples, GPS coordinates,
collection date, sampling gear and total length given as mean±SD
Population

n

Longitude

Latitude

Date of capture

Sampling gear

MTL (cm) (SD)

Bakkhali

39

8990

2210

10 May 2014

Set bag net

24.69 (3.99)

Tentulia

38

9007

2154

20 October 2014

Set bag net

23.79 (3.83)

Andarmanick

40

9159

2133

5 Jan 2015

Tramel net

25.24 (4.73)

Baleswar

43

9037

2220

20 March 2015

Tramel net

20.16 (4.95)

MTL: mean total length; SD: standard deviation.

(Holčík, 1986; Quilang et al., 2007; Renaud, 2011).
All measurements were taken by the same person and
within one-month time to ensure similar period
between death and freezing that might have the impact
on the results of the study (Murta, 2000; Turan et al.,
2006).
2.3 Data analysis
Discriminate analysis (stepwise insertion of the
variable) was applied to identify the combination of
variables for separating the population of Lates
calcarifer samples. In morphometrics, the inﬂuence
of individual body size can result in heterogeneity of
shape without providing information on diﬀerences in
body proportion, and therefore size eﬀect was
normalized according to Elliott et al. (1995) equation
to eliminate any variation resulting from allometric
growth.
Madj =M(Ls/L0)b,
where M is the original morphometric measurement;
Madj the size adjusted measurement; Ls the standard
length of the ﬁsh; L0 is the overall mean of standard
length for all ﬁsh from all samples in each analysis;
and b estimated for each character from the observed
data as the slope of the regression of logM on log L0
using all ﬁsh from each group. In the present study,
there was no signiﬁcant correlation between body
size and morphometric measurements.
The signiﬁcant diﬀerences for each morphometric
characters among the four populations were tested by
univariate ANOVA. In the present study, 22 sizecorrected morphometric variables were subjected to
multivariate analysis comprising discriminate
function analysis (DFA), principal component
analysis (PCA) and cluster analysis (CA) in order to
evaluate interspeciﬁc morphometric variation among
four locations. Principal component analysis aids to
lessen morphometric data (Veasey et al., 2001),
eliminate redundancy among the variables (Reist,
1985; AnvariFar et al., 2011; Mousavi-Sabet and
Anvarifar, 2013) and to identify a number of inﬂuential
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Fig.2 Morphometric characters measured on L. calcarifer
Variables were selected based on the studies of Holčík et al. (1986) and
Renaud (2011). LT: total length; LS: standard length; LH: head length; O:
head depth; B: highest body depth; K: lowest body depth; UI: preorbital
length; EH: postorbital length; IE: eye diameter; LB: 1st pre-dorsal ﬁn
length; LM: 2nd pre-dorsal ﬁn length; FS: 1st post-dorsal ﬁn length; NS: 2nd
post-dorsal ﬁn length; D1: height of 1st dorsal ﬁn; D2 : height of 2nd dorsal
ﬁn; P : height of pectoral ﬁn; V : height of venal ﬁn; A : height of anal ﬁn;
BF: 1st dorsal ﬁn base length; MN: 2nd dorsal ﬁn base length; WX: length
of pectoral base; QR: length of ventral base; YZ: length of anal base; UJ:
upper jaw length; LJ: lower jaw length.

variables for the discrimination of population (Samaee
et al., 2009). Kaiser-Meyer-Olkin (KMO) measure
was performed to determine whether these variables
are suitable for PCA analysis, which varies between 0
and 1. It has been suggested that KMO values >0.5
are acceptable while the value between 0.5 and 0.7
are mediocre, between 0.7 and 0.8 are good, between
0.8 and 0.9 are superb, reported by Field (2000). The
KMO value in the present study was 0.96 for the
overall matrix, suggesting that the data used in the
study were appropriate for factor analysis.
To compare the discrepancies between and among
all groups, The Wilks’ lambda was also performed. A
cross-validation test was applied to determine the
ability of the phenotypes to discriminate among
populations. The divergence among samples was
analyzed based on the percentage of correctly and
incorrectly classiﬁed ﬁsh. The percentage of correctly
classiﬁed (PCC) and incorrectly ﬁsh was calculated
by DFA and the expected actual error rates of the
classiﬁcation functions were estimated by a crossvalidation using PCC. The degree of intermingling
among the populations was shown by the number of
misclassiﬁed individuals. Cluster analysis in the form
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Fig.3 Total length dependent size distribution of L. calcarifer, sampled from Bakkhali (a), Tentulia (b), Andarmanick (c) and
Baleswer (d) River in southern Bangladesh
Table 2 Univariate statistics of 25 morphometric characters of L. calcarifer sampled from four rivers in the waters oﬀ
southern Bangladesh
t

F value

P-value

Morphometric measurement

F value

P-value

Morphometric measurement

F value

P-value

LT

10.77

0.65

LB

9.30

0.00**

BF

9.43

0.00**

LS

9.84

0.13

LM

13.63

0.00**

MN

10.40

0.00**

LH

8.86

0.00**

FS

4.07

0.01*

WX

2.99

0.032*

O

9.45

0.00**

NS

11.59

0.00**

QR

11.02

0.00**

B

10.51

0.00**

D1

11.02

0.00**

YZ

13.56

0.00**

K

9.38

0.00**

D2

12.18

0.00**

UJ

18.77

0.00**

UI

9.28

0.00**

P

6.73

0.00**

LJ

17.13

0.00**

EH

8.93

0.00**

V

8.87

0.00**

IE

0.470

0.70

A

10.34

0.00**

Abbreviations are given in Figs.1, 2. *P<0.05, **P<0.01.

of dendrograms was also performed as a
complementary of PCA analysis to determine the
phenotypic relationship among the examined
population (Veasey et al., 2001).

3 RESULT
Twenty-two out of 25 morphometric variables
revealed a signiﬁcant diﬀerence (univariate ANOVA,
P<0.001) among the four samples of L. calcarifer

(Table 2). Size distribution based on total length is
presented in Fig.3 where the mean value of Balaswar
is 24.69 cm (size range 15.70–32.50 cm), 23.79 cm in
Andarmanick (size range 15.10–31.50 cm), 25.24 cm
in Bakkhali (size range 15.70–34.40 cm) and 20.16 cm
in Tentulia River (size range 15.70–30.50 cm). The
Wilks’ lambda test indicated highly signiﬁcant
diﬀerences in all function for morphometric variables
of all populations (P<0.001) (Table 3).
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Table 3 Wilks’ lambda tests for morphometric L. calcarifer
for verifying dissimilarities among four stocks
separately compared using discriminant function
analysis
Function

Wilks’ lambda

Chi-square

df

Sig.

1 through 3

0.556

92.043

12

0.000

2 through 3

0.799

35.207

6

0.000

3

0.910

14.787

2

0.001

15
10
5
0
1

Table 4 Eigenvalues, % of variance and % of the cumulative
variance for the ﬁrst two components in
morphometric measurements of L. calcarifer
Factor

Eigen-values

% of variance

Cumulative (%)

PC I

18.60

78.03

78.03

PC II

1.10

4.59

82.62

Table 5 First two component-loading scores extracted
according to the principal component analysis for
morphometric measurement of L. calcarifer,
sampled from four coastal rivers of Bangladesh
Morphometric variable

Component
PC I (67.7%)

PC II (20.6%)

LH

0.964

0.074

O

0.917

-0.002

B

0.956

0.059

K

0.918

0.019

UI

0.902

-0.031

EH

0.923

-0.089

IE

0.111

0.964

SL

0.893

0.151

LB

0.963

0.035

LM

0.941

0.029

FS

0.801

-0.086

NS

0.937

-0.044

D 1

0.941

0.000

D 2

0.933

-0.034

P

0.916

0.125

V

0.852

0.069

A

0.916

-0.009

BF

0.820

0.114

MN

0.952

-0.052

WX

0.727

-0.105

QR

0.891

-0.096

YZ

0.934

0.055

UJ

0.862

-0.162

LJ

0.848

-0.179

Abbreviations are given in Figs.1, 2. Bold indicates signiﬁcance loading
(>0.70).
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Fig.4 Results of the principal component showing the
scree plot for L. calcarifer based on morphometric
measurement in four coastal rivers directly connected
with the Bay of Bengal

Principal component analyses (PCA) were
undertaken for 22 morphometric variables and
eigenvalues of greater than 1 are considered signiﬁcant
descriptor (Fig.4) according to Kaiser’s rule. Therefore,
only the ﬁrst two PCs were used for this study,
explaining 82.62% of the variability in the data set
where ﬁrst principle component (PC I) contributed
78.03% and the second (PC II) contributed 4.59%
(Table 4). PC I composed of LH, O, B, K, UI, EH,
LB, LM, FS, NS, D1, D2, P, V, A, BF, MN,
WX, QR, YZ, UJ, LJ, and only IE was signiﬁcant on
PC II (Table 5). In the present study, variables loaded
both positively and negatively with diﬀerent
magnitudes suggest that morphometric characters of
the examined population were free from size eﬀect. It
is worthy to mention that a factor loading >0.30 is
considered signiﬁcant, 0.40 is considered more crucial,
and 0.5 or greater is considered more very signiﬁcant
(Nimalathasan et al., 2009). Factor loading above 0.7
was considered signiﬁcant in the present study
(Mousavi-Sabet and Anvarifar, 2013). The visual
inspection of PC I on PC II showed temporal variation
and spatial variation forming two groups where
Bakkhali River in one group and Andarmanick,
Baleswar and Tentulia River in the other group (Fig.5).
The dendrogram derived from cluster analysis
revealed the clear isolation of Bkkahlai River
population from other river populations, which
supports the result highlighted by principal component
analysis (Fig.6). In this analysis, the four river
populations resulted in two main distinct groups: the
ﬁrst group comprised only Bakkhali population, while
the second group included Balaswar, Tentulia, and
Andarmanik populations. The strong morphometric
similarity was observed between the population of
Lates calcarifer from Balaswar and Andarmanik
when compared to other river populations.
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Fig.5 Scatterplot of 95% conﬁdence ellipse on the ﬁrst two principal components for the four groups of L. calcarifer, based
on morphometric characters
60

Table 6 Results of discriminant analysis of morphometric
characters showing the number (and percentage)
of individuals classiﬁed correctly into their original
group
Tentulia

Andarmanick Baleswar Total

Bakkhali

36 (92.3%)

3 (7.7%)

0 (0%)

0 (0%)

39

Tentulia

0 (0%)

35 (92.1%)

3 (7.9%)

0 (0%)

38

Andarmanick

0 (0%)

5 (12.5%)

34 (85%)

1 (2.5%)

40

Balaswar

0 (0%)

0 (0%)

7 (16.3%)

36 (83.7)

43

Linkage distance

Bakkhali

55

50

45

4 DISCUSSION
The results of the present study revealed that
L. calcarifer from diﬀerent rivers in the southern

Bakkhali

Balaswar

35

Andarmanick

Invalidation of morphometric discriminate
analysis, 141 out of 160 (88.1%) individuals were
correctly classiﬁed into their original population
(Table 6). The classiﬁcation rate varied between
83.7% and 92.3% with high reclassiﬁcation rate
registered for Bakkhlai (92.3%) and Tentulia (92.1%)
population, the most clearly isolated groups. The
highest proportion of misclassiﬁed individuals was
evident in Baleswar (16.3%) followed by Andarmanick
(15%).

Tentulia

40

Fig.6 Dendrogram of the dissimilarity of populations
among the four coastal rivers in southern Bangladesh
based on morphometric characters

coastal waters of Bangladesh exhibited morphometric
variability forming two morphological types:
Bakkhali population was separated as one group from
the Andarmanick, Baleswar, and Tentulia populations,
which together formed a separate group. Generally,
teleost ﬁshes show a greater degree of disparity within
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and between populations when compared to other
vertebrates and are more prone to morphological
variation induced by diﬀerent environmental factors
such as temperature, turbidity, habitat condition,
feeding condition, pH (Wimberger, 1992). Among
ﬁsh populations, notable intraspeciﬁc phenotypic and
genetic dimorphism may have appeared due to the
degree of geographic distance and limited movement
among the populations, which is the basis for
separation and management of distinct populations
(Miyan et al., 2016; Sarker et al., 2016). Such
dimorphism can be attributed by the diﬀerent process
such as reproductive isolation due to homing unlike
spawning areas (Hourston, 1982) and hydrographic
characters (tide, current, and wave) which hinder
migration from one place to other (Iles and Sinclair,
1982; Mir et al., 2013). Therefore fail to understand
the complexity of stock management can lead to
genetic erosion and other unknown ecological
consequence (Begg et al., 1999).
The result of between-group PCA analyses led to
the identiﬁcation of two phenotypically distinct local
populations. Variation of the two morphotypes was
statistically conﬁrmed by the high percentage of
correct classiﬁcation (88.1%). The result derived
from the PCA analysis in the study was further
conﬁrmed by the cluster analysis based on Euclidian
square distance, which demonstrated that, among the
four river populations, three showed overlapping and
the remaining one was clearly distinct. The
diﬀerentiation may suggest a relationship between the
extent of phenotypic divergence and geographic
distance, indicating that migration of population from
Bakkhali River to Andarmanick, Baleswar, and
Tentulia River may be limited. The populations of
Balaswar, Tentulia, and Andarmanik were
morphologically overlapped to each other in PCA,
demonstrating low phenotypic divergence among the
populations and geographic distance is not a barrier to
migration between populations. The overlapping
distribution may be enough mixing due to
comprehensive migration among these locations and
may support temporal and spatial residence of these
populations in these areas. It may also suggest that if
ﬁsh resided in a particular region for most of their life
cycle, they would show lower morphometric
divergence within the populations. Conversely, the
marked separation of Bakkhali population indicates
that there may be a resident population, self-recruiting
population and sub-species of sea bass sample in
Bakkhali River. Geographic structure and high
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salinity may be responsible for the isolation of the
population. According to Miyan et al. (2016), the
geographic hurdle plays a crucial role in obstructing
gene ﬂow between populations, which allow the
distinction among them. In addition, Konan et al.
(2010) reported a considerable morphologically
diﬀerent population of freshwater shrimp
Macrobrachium vollenhovenii collected from Cote
d’Ivoire Rivers of diﬀerent geographical locations. In
other words, morphometrics investigations are
important to delineate various stocks over species
geographical range (Tzeng, 2004; Almeida et al.,
2008; Akbarzadeh et al., 2009).
Environmental features, such as biotic factors
(food items and availability of foods) and abiotic
factors (salinity, turbidity, alkalinity, temperatures,
current pattern, and land-use pattern) inﬂuences the
morphometric variability and homogeneity of ﬁsh
(Siddik et al., 2016b) as ﬁsh phenotypes show high
plasticity in response to environmental inﬂuences
compared to other vertebrates. Environmental
parameters, especially salinity, are notably diﬀerent
in Bakkhali (approximately 24) (Sarker et al., 2016)
compared to Andarmanick (19.8), Baleswar (8.5)
and Tentulia (3.5) (Dasgupta et al., 2014). These
results are in agreement with the ﬁndings of Boussou
et al. (2010) and Quilang et al. (2007) who reported
morphological variances among the species due to
uncommon physicochemical parameters of the
water, which were geographically close to each
other. In the present study, the distinct separation of
Bakkhali population with other stocks may be
attributed to hydrological conditions, a wide
geographical distance between them, and the
selection of the sampling site. This disparity is
commonly found in the morphology of ﬁsh due to
the isolation of portions of a population within local
habitat conditions.
These intraspeciﬁc morphological variations may
be due to variation in body shape but not to the eﬀect
of size since it was normalized successfully by
allometric transformation. Moreover, traits related to
size inﬂuence the morphometric analysis, and errors
may occur in the result if the data is not being adjusted
for statistical analysis (Tzeng, 2004; Vatandoust et al.,
2015). In the present study, the allometric
transformation had been applied successfully to
remove the eﬀect of size and the detected signiﬁcant
phenotypic discreteness among the populations were
based on the measurements which are particularly
body and eye shape when it was tested by ANOVA
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and multivariate analysis. Moreover, the size average
of studied species in four rivers was almost similar,
indicating that ﬁshing gear was almost the same as
ﬁsh samples were procured from commercial capture.
Sometimes it is often quite diﬃcult to explain the
causes of morphological diﬀerences between
populations (Poulet et al., 2004), but it has been
suggested that genetic, environment and the
interaction between them govern the morphological
attributes of ﬁsh (Swain and Foote, 1999; Poulet et
al., 2004; Pinheiro et al., 2005). Although genetic
components may contribute to the variation in ﬁsh
stock, phenotypic diversity between stocks in some
circumstances may be entirely governed by
environmental inﬂuences (Begg et al., 1999). For
instance, an individual’s phenotype is more inﬂuenced
by environmental factors especially the early
development stage of ﬁsh, which are of particular
importance (Pinheiro et al., 2005). Morphometric
characters are inﬂuenced by diﬀerent environmental
parameters well discussed by several authors in the
course of ﬁsh population segregation (Swain and
Foote, 1999). The size range of ﬁsh measured in the
present study represents adolescent ﬁsh and hence,
there is the possibility that the detected diﬀerent
morphotypes among the four populations of
barramundi may be due to diﬀerences in environmental
parameters.

5 CONCLUSION
The result obtained from morphometric analysis
revealed a clear separation of Bakkhali stock,
suggesting the requirement of strategic assessment
and management of the population separately,
whereas intermingling relationship between the
Balaswar, Tentulia, and Andarmanik population
suggested employing uniform management strategies
to use the stock sustainably for future. Further detailed
research based on molecular and biochemical methods
can be warranted to validate the present ﬁndings
unambiguously. However, in addition to morphometric
studies, molecular markers based methods (e.g.
mtDNA, microsatellite) would be quite useful in the
delineation of the diﬀerent stock structure of A.
chacunda in the waters oﬀ southern Bangladesh. The
ﬁndings of the study will provide baseline biological
information, which may be utilized to formulate
scientiﬁcally sound ﬁsheries management in relation
to optimal harvest and monitoring strategies for the
distinct stocks of Lates calcarifer populations.
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