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a b s t r a c t
Fish traceability is an important tool in ﬁsh food safety and a recognition tool in the assessment of
biodiversity and ﬁsheries. Geometric morphometric methods were used to establish whether scale morphology may determine the origin of specimens from a ﬁsh market. In order to trace the origin of ﬁsh, the
ﬁsh scale shape of two mugilids species Mugil cephalus and Mugil curema specimens from three different
trade premises at the Mexico City central ﬁsh market was analyzed and compared with the scale shape of
previously collected samples from known areas along the Gulf of Mexico and Paciﬁc coasts. The origin of
the ﬁsh market specimens was kept in a closed envelope and was revealed at the end of the study. Scale
shape was described using seven landmarks, the coordinates of which were subjected to a generalised
Procrustes analysis, followed by a principal components analysis and discriminant analysis. Discriminant
classiﬁcation was used as the main indicator to identify the source of the ﬁsh, where the percentage of
discrimination traced the origin of the specimens, respectively. A leave-one-out procedure was applied
to validate the results of discriminant functions on shape, and relative warp in size-shape space (shape
plus size). Results showed that the discriminant analysis correctly classiﬁed 83.3% of the cases, with 100%
for adjacent geographic areas. The relative warp in size-shape space (shape plus size) of ﬁsh scales could
be used to reliably trace ﬁsh populations by applying geometric morphometric methods to one ﬁsh scale
per specimen. In order to effectively use such an approach in ﬁsheries management, it is necessary to
have previous patterns of ﬁsh scale shapes for each locality. Since the scale shape was described using
seven landmarks, it may be possible to improve the tracing rate by increasing the number of landmarks
used. Fish scale shape thus offers a straightforward, accessible, quick and inexpensive method to trace
ﬁsh stocks.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
European Union law deﬁnes “Traceability” as the ability to track
any food, feed, food-producing animal or substance that will be
used for consumption, through all stages of production, processing
and distribution (Ofﬁcial Journal of the European Communities,
2002). Traceability is relevant because responds to food security
threats, documents custody chains and production practices, meets
regulatory compliances and analyses logistics and production costs
(Storøy et al., 2013). Providing the identity of a product is important
as it gives citizens security regarding what they eat. Fish traceability information may improve the sale of products by identifying
appropriate information on the origin and source of ﬁsh, including
whether they are wild or cultured. Fish traceability is also useful
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when a product comes from a contaminated area and it is fundamental to limit damages. In this case, a rapid identiﬁcation is
required to enable a fast retrieval of the product. It is also required
in population analyses in order to understand population dynamics
and to carry out ﬁsheries assessments.
Until now, tracing methods have used molecular biotechnologies (Lockely and Bardsley, 2000), accuracy testing of ﬁsh products
has been carried out using protein-based techniques (Rehbein,
1990) and nucleic acid methods have become accepted for species
identiﬁcation due to their precision (Carrera et al., 1998; Jerome
et al., 2008). With the range of Polymerase Chain Reactions, interest in AFLPs (Ampliﬁed Fragment Length Polymorphisms) and in
DNA barcodes (normally based on sequences of cytochrome oxidase subunit I) is increasing among animal geneticists (Watanabe
et al., 2004) since these procedures generate hundreds of informative genetic markers that increase the probability of detection of
species-speciﬁc and population-speciﬁc polymorphisms (Maldini
et al., 2006; Papa et al., 2003; Heras et al., 2006; Durand et al.,

A.L. Ibáñez / Fisheries Research 170 (2015) 82–88

2012). Unfortunately, these methods are not only expensive but
also require specialized human resources for their application.
Novel technologies are thus needed to assess species and identify
stocks (Fischer, 2013).
The shape of ﬁsh scales is to a signiﬁcant extent species-speciﬁc
and helps determine stock membership. In recent times, Ibáñez
et al. (2007) applied geometric morphometric methods (GMM) to
scales in order to identify genera, species and local populations
among the Mugilidae. Garduño-Paz et al. (2010) also used ﬁsh
scale morphometrics and were able to discriminate between sympatric phenotypes of the Arctic charr (Salvelinus alpinus). The use
of scale shape seems valuable in population discrimination and is
an important and practical ﬁsheries management tool. Moreover,
ﬁsh scale shape was used to identify geographic variants among
the Lutjanidae (Lutjanus argentiventris, Lutjanus guttatus and Lutjanus peru) of three geographic areas along the Paciﬁc coast (Ibáñez
et al., 2012a), where results showed that specimens of each species
from the three geographic areas formed two local populations.
The consistency of the two populations for the three species indicated that these events do not happen by chance or accidently.
Variability in hydro-geomorphology, water productivity and abundance of ﬁsh stocks likely accounted for the observed differences
in scale morphology and explained why scale shape may be used
to discriminate between stocks (De Pontual and Prouzet, 1987;
Watkinson and Gillis, 2005; Ibáñez et al., 2007). Consistency in ﬁsh
scale shape through time was also tested considering that time may
affect different locations in a similar way (Ibáñez, 2014). However,
no signiﬁcant differences in scale shape were detected from year
to year, whereas differences were recorded among the geographic
locations. Thus, scale shape differences may be useful to trace ﬁsh
when a previously recorded pattern for each locality exists. Consequently if it is possible to use ﬁsh scales shape to discriminate
species or stocks and trace the origin of ﬁsh this will be a relevant
novel ﬁnding that could be useful in ﬁsheries research and also for
economic purposes. The difference between the previous studies
and this one is that in the aforementioned the origin of the specimens was established, whereas in the case of the present study,
the localities where the ﬁsh were collected are unknown. Mugil
species were selected because of the importance of mullets ﬁsheries, according to FAO (2009), Mexico is one of the 10 counties
with more production of ﬁsh mullets.
In order to trace the origin of the ﬁsh under study, Mugil cephalus
(Linnaeus, 1758) and Mugil curema (Valenciennes, 1836) specimens
were bought at different trade premises in the Mexico City seafood
central ﬁsh market. Fish scale shape was analysed and compared
with scale shapes of samples (called biological samples) collected
previously from known areas along the Gulf of Mexico and Paciﬁc
coasts. The null hypothesis stated that the differences described
by the ﬁsh scale morphology landmarks between the ﬁsh from the
market and the previously known biological samples are insufﬁcient to allow the identiﬁcation of the market samples. In other
words, ﬁsh scale shape cannot be used as a barcode for ﬁsh traceability. This was assessed by the GMM, with discriminant analysis
as the main indicator to identify the source of the ﬁsh, where the
percentage of discrimination revealed or traced the origin of the
specimens. The origin of the market samples was written in a closed
envelope and revealed at the end of the study.

2. Material and methods
2.1. Collection of ﬁsh scales from biological samples
M. cephalus scales were collected in 2009 from specimens caught
in Sabine Lake (SL) and San Antonio Bay (SA), Texas by the staff
of the Texas Parks & Wildlife Department, USA. Mexican samples
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were collected from commercial ﬁsheries in Madre Lagoon (MA)
and Tamiahua Lagoon (TA) along the Gulf of Mexico, and in July
2009 from Cuyutlán Lagoon (CU) along the Paciﬁc coast (Fig. 1,
Table 1). All specimens were adults with an average total length
of 356 ± 42 mm.
M. curema scales were collected on similar days of each of two
consecutive years, 2009 and 2010, from specimens caught by commercial ﬁsheries in Madre Lagoon (MA), Tamiahua Lagoon (TA),
Cazones Estuary (CA), Alvarado Lagoon (AL) and Mecoacán Lagoon
(ME) along the Gulf of Mexico. Scales were also collected in July
2009 from specimens from Cuyutlán Lagoon (CU) and the Balsas
River (BA) along the Paciﬁc coast of Mexico (Fig. 1, Table 2). All
specimens were adults with average total lengths of 287 ± 39 and
298 ± 21 mm, for the ﬁrst and second year respectively.
In all cases, samples of approximately 50 specimens per geographic area and species were obtained, with the exception of M.
cephalus from San Antonio Bay which had only 20 specimens.
When adults, both species could be clearly distinguishable by
a trained eye, however, since mullets show extremely conserved
morphological characters the specimens were examined using the
taxonomic keys from Harrison (2002).
2.2. Collection of ﬁsh scales from Mexico City market samples
M. curema and M. cephalus specimens were bought at the Mexico
City ﬁsh market during the November–December 2012 ﬁshery season. The trade premises for M. curema were stalls 49, 1 and 47, on D
corridor, and the samples were labeled 49D, 1D and 47D respectively, while those for M. cephalus were stalls 20, 8 and 49, on
corridor D, and the samples were labeled 20D, 8D and 49D. A sample
of around 50 ﬁsh was obtained without recording its origin. The origin of the specimens was unknown to us and we asked the seller to
write the source of the sample in a closed envelope to be revealed
at the end of the study. All specimens were adults with average
total lengths of 296 ± 28 mm and 361 ± 38 mm, for M. curema and
M. cephalus respectively.
One scale per ﬁsh was extracted for analysis from the left side of
the body, from the dorsal area between the ﬁrst and second dorsal
ﬁns. A total of 753 scales was analyzed for M. curema (599 biological
samples and 154 from the ﬁsh market) and of 358 for M. cephalus
(225 biological samples and 133 from the ﬁsh market). One single
scale was used with the purpose of evaluating a fast population
method that does not require repetitive sampling of individuals.
The scales were dried and stored in paper envelopes. Once in the
laboratory, the scales were cleaned with soft soap and tap water
with the help of a small toothbrush. They were then rinsed, dried
and preserved between two glass slides. A digital image of each
scale was taken with a Zeiss stereomicroscope (Stemi 2000-C) and
an integrated 4.0 MP Canon digital camera. Regenerated scales were
discarded. Seven landmarks per scale were recorded with the TPSdig software (Rohlf, 2006) following the protocol of Ibáñez et al.
(2007).
The landmarks were located on key features of the scales that are
common to all scales of the two species under study. The landmarks
considered appropriate were (Fig. 2): landmarks 1 and 3 the ventroand dorso-lateral tips of the anterior portion of the scale, landmark
2 the centre of the anterior edge of the scale, landmarks 4 and 6
the boundary between the anterior portion with circuli and the
posterior area covered by cteni, landmark 5 the focus of the scale,
and landmark 7 the tip of the posterior portion of the scale.
2.3. Morphometrics analyses of biological and city marked
samples
The conﬁgurations of landmark coordinates for the sampled
scales were scaled, translated and rotated using generalized

84
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Fig. 1. Sampling locations in the Gulf of Mexico: Sabine Lake, Texas (SL), San Antonio Bay, Texas (SA), Madre Lagoon, Tamaulipas (MA), Tamiahua Lagoon, Veracruz (TA),
Cazones Estuary, Veracruz (CA), Alvarado Lagoon, Veracruz (AL) and Mecoacán Lagoon, Tabasco (ME). Locations in the Paciﬁc coast: Cuyutlán Lagoon, Colima (CU) and Balsas
River, Michoacán (BA).

Procrustes analysis (GPA) (Rohlf and Slice, 1990). They were then
subjected to tangent projection (Dryden and Mardia, 1998) and
subsequently to principal components analysis (PCA; Dryden and
Mardia, 1998; Kent, 1994). For plotting purposes, the principal
component (PC) scores were labelled by species to describe the distribution of the scales. Predicted extreme shapes were computed
for each principal component. The differences in shape between
the extremes of the PCs of interest were visualised using transformation grids (Bookstein, 1989; Marcus et al., 1996; Dryden and
Mardia, 1998) computed by Morphologika2 (O’Higgins and Jones,
2007).
To examine the potential for differences in shape in classifying unknown specimens, the scores of specimens on all
nonzero PCs were submitted to discriminant analysis (SPSS ver.
13.0) to compute generalized Mahalanobis’ distances, discriminant

functions, and to assess the efﬁcacy of the latter in classiﬁcation. This was carried out using cross-validation, in which multiple
repeated analyses were carried out leaving out one individual in
the construction of the discriminant function before classifying this
individual according to the function. This reduces the likelihood of
overestimating the efﬁcacy of discriminant functions by using them
to classify specimens employed in their construction. Percentage
correct classiﬁcation rates were recorded. Cross validated discriminant analysis was used to assess and compare the efﬁcacy of shape
and relative warp in size-shape space (ln centroid size plus shape
variables).
Discriminant percentage of discrimination of each population
was used as the main indicator to identify the origin of samples
from the ﬁsh market, where the higher percentage of discrimination traced the origin of market specimens.

Table 1
Sample size, origin and site of collection of ﬁsh scales and length characteristics for Mugil cephalus specimens.
No. ﬁsh sampled

Origin of samples

Location

Code

Total length
Range (mm)

Total length
Mean ± SD (mm)

Year of collection
2009

2012

2009

2012

2009

2012

Biological samples:
Gulf of Mexico
Sabine Lake
San Antonio Bay
Madre Lagoon
Tamiahua Lagoon
Paciﬁc Coast
Cuyutlán Lagoon

SL
SA
MA
TA

50
20
55
48

341 ± 43.0
344 ± 31.9
354 ± 22.8
327 ± 25.1

305–500
310–405
309–427
281–400

CU

52

405 ± 32.8

221–464

Market samples:
Market site 20D
Market site 8D
Market site 49D

20D
8D
49D

51
51
31

359 ± 20.9
352 ± 22.6
372 ± 56.4

315–421
285–392
291–475
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Table 2
Sample size, origin and site of collection of ﬁsh scales and length characteristics for Mugil curema specimens.
No. Fish sampled

Origin of samples

Location

Code

Total length
Range (mm)

Total length
Mean ± SD (mm)

Year of collection
2009

2010

MA
TA
CA
AL
ME

51
46
50
50
53

50
50
50
50
49

CU
BA

50
50

2012

2009

2010

286 ± 12.2
299 ± 22.2
307 ± 18.8
276 ± 23.3
286 ± 42.3

296 ± 13.8
295 ± 22.9
313 ± 26.7
296 ± 21.5
294 ± 18.3

2012

2009

2010

2012

Biological samples:
Gulf of Mexico
Madre Lagoon
Tamiahua Lagoon
Cazones Estuary
Alvarado Lagoon
Mecoacán Lagoon
Paciﬁc Coast
Cuyutlán Lagoon
Balsas River

249−312
230−350
245−347
224−339
223−405

226 ± 10.2
329 ± 22.4

258−324
244−332
235−360
246−339
256−336

200−251
261−372

Market samples:
Market site 49D
Market site 1D
Market site 47D

49D
1D
47D

288 ± 16.7
326 ± 17.2
274 ± 17.7

52
51
51

Total length, centroid size (CS) and ln CS were compared
between species and across population with a two-way (population \ species) analysis of variance (ANOVA). Heteroscedasticity in
the ANOVA were detected by means of Levene’s test for all size
measures (P = <0.001) and ANOVA results must, accordingly, be
interpreted with caution.
3. Results
The GPA/PCA carried out with all ﬁsh scales using shape and relative warp in size-shape space (shape plus size) explaining 44.6% and
98.4% of the total variance in the ﬁrst PC and the second accounted
for 23.7% and 0.7%, respectively. The two species were clearly separated in the plot of the two principal components from the shape
analysis (Fig. 3). The specimens of M. cephalus and M. curema were
separated on the ﬁrst PC.
The general pattern of morphological differences described by
these ﬁrst two PCs was explored using transformation grids (Fig. 3).
The grid on the left represents the mean shape warped to a PC1
score of −0.15 for M. cephalus and for M. curema with the grid on
the right representing a PC1 score of 0.15, the deformations indicate that with increasing PC1, the focus becomes less central with
a little narrowing between landmarks 4 and 6. Also, the exposed
portion of the scale (the area among the landmarks 4–7) becomes
relatively narrower. Shape variations through the PC2 compressed

255−335
299−361
244−323

along the dorso-ventral axis (equivalent to elongation along the
anterior–posterior axis).
Species and also population differences are highly signiﬁcant for
size (P = 0.001 species; P = 0.001 populations). M. cephalus are larger
than M. curema specimens in all cases; also intraspeciﬁc differences
are highly signiﬁcant.
The cross-validated discriminant analysis using shape and relative warp in size-shape space (shape plus size) variables (PC scores)
from all scales correctly classiﬁed 98.2% by species in both cases,
whereas the population analysis by species correctly classiﬁed
(cross-validated) 53.2% and 57.9% and 46.3% and 58.5% for shape
and relative warp in size-shape space (RWSS) for M. cephalus and
M. curema, respectively (Table 3). Classiﬁcation results improved
when size information was included in the discriminant analysis,
except for species analysis where the cross-validated classiﬁcation
rate remained the same (Table 3).
The cross-validated classiﬁcation results from the analysis
among local populations for M. cephalus and M. curema identiﬁed highly signiﬁcant discrimination in all cases (Wilks’ lambda
values between 0.055 and 0.204 and P < 0.001, Table 3). In
both species higher discrimination percentages were between
35.4% and 96.2% and 36.5% and 78.4% for M. cephalus and M.
curema, respectively (Table 4A and B). Most misclassiﬁcations
occurred between the neighbor locations or between the ﬁsh
market samples. Once these results were recorded, the origin
of the market samples was revealed. The correctly guessed origin is marked with an asterisk in Table 4 which in most of the
cases (with exception of ID ﬁsh market sample for M. curema)
represents the higher value of the misclassiﬁcations. Therefore,
the discriminant analysis carried out on relative warp in sizeshape space (shape plus size) correctly calculated 83.3% of the
market cases with 100% for the adjacent geographic areas. Comparatively there is more shape variability among the different
specimens from M. curema geographic areas documented through
misclassiﬁcations.
4. Discussion

Fig. 2. Deﬁnition of landmarks.

The aim of this study was to trace the origin of ﬁsh collected at
the Mexico City central ﬁsh market based on the morphometrics of
one ﬁsh scale per specimen. In order for the method to be useful
to managers, it needs to be based on simple scale features common to all scales. We have used only seven landmarks in previous
studies, and they have proved successful in the analysis of species
and local variants discrimination (Ibáñez et al., 2007, 2009, 2011,
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A.L. Ibáñez / Fisheries Research 170 (2015) 82–88

Fig. 3. Principal components analysis (PC1 and PC2) of scale shape of the whole sample where Mugil cephalus and M. curema are labeled with gray and white diamonds,
respectively. The grids are shape variation visualized using transformation grids.

2012b). However, this could be improved by increasing the number
of landmarks. Based on these seven landmarks, our results imply
that there is 83.3% possibility of guessing the exact origin of ﬁsh
market samples and a 100% of guessing the adjacent ﬁshing areas.
Misclassiﬁcations were obtained for samples in nearby geographic
areas, separated by around 200 or 300 km. In this sense, the discriminant analysis is a ﬁne tool to guess the correct locality of the
sample from unknown origin. Discriminant analysis extracts vectors of discriminant functions from multivariate data, which exploit
the differences among a priori-deﬁned groups (Hair et al., 1998;
Zelditch et al., 2004) where the ﬁrst function created maximizes the
differences between groups on that function. The number of functions is equal to the number of groups minus one and, unless there
are fewer predictor variables than groups, they only account for the
variance which best discriminates groups according to the model
(Kovarovic et al., 2011). Examples on recent application of discriminant function analyses using otoliths to discriminate species and
ﬁsh stocks can be found in Monteiro et al. (2005) and Burke et al.
(2008), respectively. The use of otoliths for this purpose is well
established, and while their use is more labour and equipment
intensive, their efﬁcacy is clear. However is an invasive method.
Likewise, discriminate analysis has been proved in other species,
this analysis is highly used in paleontology and archaeological studies in order to investigate different species or categories (Kovarovic
et al., 2011; Meloro, 2011).

Classiﬁcation results improved when size information was
included in the discriminant analysis. Using only shape (without size), identiﬁcation rates are much better than expected by
chance, and by taking size into account, classiﬁcation is somewhat
improved. The size of the ﬁsh (total length) has an impact on scale
size and shape. Even when the specimens of the two species and
geographic location were of similar length, differences in centroid
size of the scales were found amongst them. Thus, when using
this approach to discriminate between species and populations,
it is important that centroid size is factored into the procedure.
The lower total classiﬁcation result between populations is clearly
explained by the use of geographic locations of each species as
encoded groups in the cross-validated analysis.
A possible explanation for the misclassiﬁcations of samples
from contiguous geographic areas may lie in the life history of the
mullets (Ibáñez and Gallardo-Cabello, 2004; Ibáñez and GutiérrezBenítez, 2004). Mullets spawn beyond the continental shelf, the
larvae remain in coastal waters for two or three months (Ditty and
Shaw, 1996) during which time the currents transport them to estuarine and coastal regions that may not be those of their parents. A
resemblance of specimens caught at neighbouring sites could thus
be explained by this exchange of migrants during the larval phase,
as well as by the similar water temperature and other general water
characteristics. A future advance can be the use of geometric morphometrics and spatially-explicit statistical analyses (Fruciano et

Table 3
Results for discriminant analysis using the cross-validation testing procedure. Discrimination between species and populations. RWSS = Relative warp in size-shape space.
Discrimination

Procedure

Wilks’ 

p

Between species (M.
cephalus and M. curema)
Between population
Mugil cephalus

Shape
RWSS

0.209
0.175

<0.0001
<0.0001

100
100

Shape
RWSS
Shape
RWSS

0.096
0.055
0.204
0.055

<0.0001
<0.0001
<0.0001
<0.0001

67.1
67.3
49.7
68.5

Discriminant functions
1st

Mugil curema

2nd

Total
classiﬁcation
results (%)
98.2
98.2

24.2
18.3
17.5
17.7

53.2
57.9
46.3
58.5
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Table 4
Classiﬁcation results for discriminant analysis (using cross-validation testing procedure) for geographic areas and ﬁsh market samples using relative warp in size-shape space
(RWSS). A) Mugil cephalus; B) Mugil curema. Clues: Sabine Lake, Texas (SL), San Antonio Bay, Texas (SA), Madre Lagoon, Tamaulipas (MA), Tamiahua Lagoon, Veracruz (TA),
Cazones Estuary, Veracruz (CA), Alvarado Lagoon, Veracruz (AL) and Mecoacán Lagoon, Tabasco (ME). Locations in the Paciﬁc coast: Cuyutlán Lagoon, Colima (CU) and Balsas
River, Michoacán (BA). In bold = higher discrimination percentage. * = original location of market samples: Mugil curema: 49D from Tamiahua Lagoon (TA), 1D from Cazones
estuary (CA) and 47D from Madre Lagoon (MA). Mugil cephalus: 49D from Tamiahua Lagoon (TA), 8D from Paciﬁc area in Mazatlán port and 20D from Madre Lagoon (MA).
A)
Mugil cephalus

SL
SA
MA
TA
CU
20D
8D
49D

SL

SA

MA

TA

CU

20D

8D

49D

Total

44.0
8.4
9.1
0.0
0.0
2.0
0.0
0.0

22.0
47.6
5.5
4.2
0.0
4.0
1.0
0.0

10.0
17.3
48.2
27.1
0.0
16.0*
0.6
10.8

15.0
0.0
23.6
43.8
0.0
0.0
0.0
47.2*

0.0
0.0
0.0
0.0
96.2
0.0
20.0*
0.8

2.0
21.7
8.1
0.0
0.0
78.0
0.0
3.9

0.0
1.0
1.8
2.1
3.8
0.0
78.4
1.9

7.0
4.0
3.6
22.9
0.0
0.0
0.0
35.4

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

B)
Mugil curema

MA
TA
CA
AL
ME
BA
CU
49D
1D
47D

MA

TA

CA

AL

ME

BA

CU

49D

1D

47D

Total

78.4
11.8
0.0
4.0
0.5
1.9
0.0
0.0
0.0
28.8*

6.0
60.9
0.0
2.0
1.9
2.0
3.8
30.0*
0.0
8.0

0.0
4.0
68.0
6.0
7.9
2.0
0.0
0.0
14.0*
6.0

0.0
0.0
4.0
58.0
24.5
0.0
0.0
0.0
4.0
0.0

0.0
2.2
0.0
16.0
55.8
0.0
2.0
0.0
0.0
0.0

0.0
0.0
0.0
2.0
1.9
72.0
15.8
0.0
0.0
0.0

0.0
1.5
0.0
0.0
0.0
22.1
78.4
0.0
0.0
0.0

1.9
19.6
4.0
0.0
0.0
0.0
0.0
65.0
26.0
20.7

0.0
0.0
16.0
8.0
3.8
0.0
0.0
0.0
56.0
0.0

13.7
0.0
8.0
4.0
3.8
0.0
0.0
5.0
0.0
36.5

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

al., 2011) these methods could improve the correct classiﬁcation
rates.
The higher morphological variation in the specimens of M.
curema especially in the Atlantic may be due to the presence of
more than one population in the Gulf of Mexico or else that there
are different phenotypes in the same sample (Ibáñez-Aguirre and
Lleonart, 1996; Ibáñez-Aguirre et al., 2006).
Growth seems to be a key factor related to ﬁsh scale shape.
Changes in ﬁsh scale shape were reported for juveniles of the
cyprinid roach (Rutilus rutilus (L.)) reared in a UK ﬁsh farm when
the ﬁsh went through compensatory growth due to the variety of
holding facility movements, which are surrogates of food availability, density, temperature and other variables (Ibáñez et al.,
2012b). Environmental inﬂuences on morphology have led to the
description of phenotypic populations characterized by phenotypic differences that may be fully environmentally induced (Swain
and Foote, 1999). These differences could cause morphometric
characteristics to vary between groups, allowing a robust morphometric classiﬁcation (Cronin-Fine et al., 2013). As this method is
not invasive, it may prove useful to trace ornamental ﬁsh allowing
endangered species to be returned to the wild. Also, it is quick and
less costly than other analyses, allowing many individuals from a
population or community to be screened.

5. Conclusion
Our results show that ﬁsh scale shape may be used to reliably
trace species and ﬁsh populations by applying geometric morphometric methods to ﬁsh scales. In order to use such an approach
effectively in ﬁsheries management it is important to have previous patterns of ﬁsh scale shapes for each locality. Therefore, ﬁsh
scale shape offers a straightforward, accessible, rapid, reliable and
inexpensive method to trace ﬁsh stocks.
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