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RESUMEN

Identificación morfológica de los calamares loligínidos del Atlántico Sudoccidental: Loligo gahi y Loligo san-
paulensis. En este trabajo se examina la variabilidad morfológica entre dos especies de calamares loligínidos,
Loligo gahi y Loligo sanpaulensis de la región de la plataforma y talud continental de Argentina y se determinan
los criterios diagnósticos más adecuados para su identificación en todo el rango de tamaños. Debido a la incerti-
dumbre asociada con la identificación de juveniles, su estado taxonómico se confirmó con técnicas genético-bio-
químicas. Los caracteres morfométricos demostraron ser más eficaces que los merísticos para discriminar entre
ambas especies. La función discriminante que se propone en este trabajo permite una fácil diferenciación entre
ambas especies. Se compone de dos índices: ancho de la nadadera/largo del manto (FW/ML) y ancho del
gladio/largo del manto (GW/ML) que permite identificar a un ejemplar como L. gahi con un 100% y a L. sanpau-
lensis con un 97% de probabilidad de buena asignación. El índice FW/ML se puede utilizar como una herramien-
ta rápida para la diferenciación entre especies. Los valores del índice menores a 0,53 corresponden a L. gahi y
aquellos mayores a L. sanpaulensis. Asimismo, las claras diferencias en el patrón de distribución de los cromató-
foros sobre la cara oral de los brazos IV son caracteres determinantes para la correcta identificación de ambas espe-
cies en ejemplares frescos.

SUMMARY

Morphological characters of two loliginid squids, Loligo gahi and Loligo sanpaulensis, in the Southwest Atlantic
region off Argentina were studied to obtain a diagnostic criterion for their identification. Emphasis was placed on
the taxonomic characters suitable to identify individuals in the whole size range. Considering the uncertainty asso-
ciated to the correct identification of juveniles, their taxonomic status was confirmed using electrophoretic studies.
Discrimination between species based on morphological characters proved to be more effective than meristic
counts. A discriminant function that allows an easy separation of the two species is presented. The function, com-
posed of two indices: fin width/mantle length (FW/ML) and gladius width/mantle length (GW/ML) allows to iden-
tify a specimen as L. gahi with a 100% and L. sanpaulensis with a 97% probability of correct classification.
FW/ML can be used alone as a rapid differentiation tool. In general, index values lower than 0.53 correspond to L.
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gahi and those higher to L. sanpaulensis. In fresh specimens, the chromatophore pattern on the oral face of arms IV also provides
useful information to distinguish between the two species.

Key words: Loligo sanpaulensis, Loligo gahi, morphometric analysis, electrophoresis, species differentiation.
Palabras clave: Loligo sanpaulensis, Loligo gahi, análisis morfométrico, electroforesis, diferenciación entre especies.

INTRODUCTION

Two commercial species of long-finned squids
are common in the Southwest Atlantic region:
Loligo gahi, Orbigny, 1835 and Loligo san-
paulensis, Brakoniecki, 1984. Their distributions
overlap between 42° S and 46° S on the interme-
diate shelf off Argentina (Pineda et al., 1998 a).
Identification of each species is quite difficult
because almost all of the diagnostic characters,
especially at the early life stages, are similar.
Therefore, fishermen being unable to distinguish
the species, particularly when it comes to the
smallest sizes, landing statistics report all long-
finned squid catches as Loligo sp. 

Due to the fact that morphological similarity is
a common feature of loliginid species (Vecchione
et al., 1998), an attempt was made to determine
their status combining morphological characteris-
tics, meristic counts and genetic evidence
(Haefner, 1964; Kashiwada and Recksiek, 1978;
Augustyn and Grant, 1988; Garthwaite et al.,
1989; Boyle and Ngoile, 1993; Yeatman and
Benzie, 1993; Brierley and Thorpe, 1994; Pierce
et al., 1994 a, b; Brierley et al., 1995; Sánchez et
al., 1996; Guerra et. al., 2001).

Several authors studied the distribution and
taxonomy of L. gahi and L. sanpaulensis.
Accurate descriptions were made for both
species but with a scarce representation of juve-
niles (Castellanos, 1967; Castellanos and Menni,
1968, 1969; Castellanos et al., 1968; Castellanos
and Cazzaniga, 1977, 1979; Brakoniecki, 1984;
Vigliano, 1985). These authors showed several
characters that proved to be useful for specific

differentiation. Recently, the morphology and
relative growth of the beaks and statoliths were
used to differentiate between both species
(Pineda et al., 1996; 1998 b) and among differ-
ent geographical populations of L. gahi (Vega et
al., 2001).

The objective of this study is to examine the
variability of the morphological characteristics
within each and between the two species in order
to obtain a diagnostic criterion for their identifi-
cation. Emphasis is placed on taxonomic charac-
ters suitable to be used in the field to identify
individuals in the whole size range. Considering
the uncertainty associated to the correct identifi-
cation of juveniles, the taxonomic status of juve-
nile specimens was confirmed with electrophoret-
ic studies. Electrophoretic techniques, widely
acknowledged and used to investigate taxonomic
relationships among numerous marine inverte-
brates (Avise, 1974, 1983, Richardson et al.,
1986), is a powerful tool to carry out said studies.
Its application on cephalopod taxonomy is well
described; however, there are few studies on the
Loliginidae family and in some of them elec-
trophoretic analysis of proteins was used to clari-
fy the taxonomic status of Loligo gahi (Augustyn
et al., 1988, Carvalho et al., 1989, Brierley et al.,
1994, 1995).

MATERIAL AND METHODS

Samples of L. sanpaulensis (Ls) and L. gahi
(Lg) were taken during research cruises and from
commercial fisheries in waters off Argentina
(Figure 1) in the 1992-1999 period. In the sam-



ples a wide size range (Lg: 30-330 mm ML; Ls:
20-220 mm ML) and all maturity stages (Lipinski,
1979) for each species were represented. Samples
were frozen aboard vessel until examination.
Additional samples from Chile (Lg: 15 speci-
mens) and Brazil (Ls: 8 specimens) were also
processed to discard differences between Lg pop-
ulations from Chile and Argentina and between
Ls populations from Brazil and Argentina.

Based on Roper and Voss (1983), out of a
sample of 463 individuals, a total of 21 morpho-

metric characters (Figure 2) were measured to
the nearest mm with digital calipers (NLg= 282;
NLs= 181). From the same sample, for the meris-
tic analysis 211 individuals (Lg= 80; Ls= 131)
were selected and the following characters
counted: sucker row number of dactylus, sucker
row number of manus, sucker number of carpus,
teeth number of the central manus suckers, teeth
number of the marginal manus suckers, teeth
number of the largest sucker rings on right arms
III and IV.

Allometry was analyzed employing the lin-
earized potential model. A maximum likelihood
ratio test that compares the slope (b) and the
intercept (ln a) coefficients together (Fomby et
al., 1984) was used to test the regression lines
between species. The slopes were then tested for
isometry (Ho: b=1).

Each morphometric index (character/ML;
character/character) was plotted to discard those
highly correlated with size. Based on this criteri-
on, the indices selected can be considered suc-
cessfully standardized to allow the species com-
parison; the effects of body size are removed. A
discriminant analysis (Mardia et al., 1979) was
employed separately on the morphological
indices and meristic characters to identify their
relative contribution for the discrimination
between species.

Afterwards, the most important indices for
discrimination were selected and, with the pur-
pose of obtaining a better estimation of the dis-
criminant function, the initial sample was
increased to 1,385 individuals (Lg = 912; Ls =
473); it included the chilean and brazilian speci-
mens. The same measurements were taken from
additional samples (NLg= 54; NLs= 61) to vali-
date the discriminant function obtained. A second
validation was done applying the Jackknife
method (Mardia et al., 1979) which considers the
total number of individuals involved.

Additionally, mantle length / total weight rela-
tionships are presented for each species and by
sex within species.
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Figure 1. Loligo gahi and Loligo sanpaulensis sampling sta-
tions (open symbols: morphometric and meristic
samples; full symbols: morphometric, meristic and
genetic samples).

Figura 1. Estaciones de muestreo para Loligo gahi y Loligo
sanpaulensis (símbolos vacíos: muestras morfomé-
tricas y merísticas; símbolos rellenos: muestras
morfométricas, merísticas y genéticas).



To confirm the taxonomic status of the
species, especially among small juveniles, 80
squids out of a sample of 463 individuals from
different geographical regions were used for the
biochemical analysis (Figure 1, Table 1). This
sample included two individuals of L. sanpaulen-
sis from Brazil, ten individuals of L. gahi from

Chile and two specimens of L. plei from Brazil;
the last used as closed species. Mantle and buccal
mass muscle, stored at -80 °C, were employed for
the electrophoretic study. Sample preparation and
horizontal starch gel electrophoresis (12.5%) fol-
lowed the protocols described by Aebersold et al.
(1987) and a total of 23 enzymes were stained
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Figure 2. Morphometric characters measured (mm) in Loligo gahi and Loligo sanpaulensis. A) Dorsal view. B) Ventral view of
the head. C) Gladius. (Modified from Roper and Voss, 1983).

Figura 2: Caracteres morfométricos medidos (mm) en Loligo gahi y Loligo sanpaulensis. A) Vista dorsal. B) Vista ventral de la
cabeza. C) Gladio. (Modificado de Roper y Voss, 1983).



(MW/ML, FL/ML, FW/ML, AIL/ML, AII/ML,
AIII/ML, AIV/ML, GW/ML and GW/RW) in L.
gahi; in L. sanpaulensis the same differences,
except those related to the fins, were found
(Tables 4 and 5).

Allometry was observed in most cases, being
more pronounced in L. gahi. Comparisons
between species showed highly significant differ-
ences in the intercepts and slopes of the regres-
sion lines for most characters with the exception
of RW/ML and SCL/ML which were not signifi-
cant (Table 3).

Allometric relationships between total weight
(TW) and mantle length (ML) are shown in Figure
3. Highly significant differences (p<0.01) were
found between species. The following are the rela-
tionships for each: Lg: TW= 0.0005*ML2.3363; Ls:
TW= 0.0003*ML2.5063. When sexes were com-
pared, L. gahi showed significant differences
(0.01<p<0.05); for L. sanpaulensis they proved to
be highly significant (p<0.01) (Tables 3 to 5).

Species differentiation
For the analysis of morphometric characters

23 indices were obtained. Indices FL/ML,
MW/ML and HL/ML (Figure 4) were highly cor-
related with size and, therefore, excluded from
the posterior analysis; FW/ML, AIL/ML,
AIIL/ML, AIIIL/ML, AIVL/ML, TL/ML,
CL/TL, AIVLL/ML, HW/HL, ED/HL, LD/ED,
GW/ML, RW/ML, GW/RW, SCL/ML, NCL/ML,
SCL/HL, NCL/HL, SCL/FUL and NCL/FUL
were selected.

A first comparison between species consider-
ing sexes and using 20 indices showed overlap-
ping between males and females that resulted in
a misclassification of 33%.

When the discriminant analysis between
species was made without sex differentiation,
99.6% of L. gahi and 97.2% of L. sanpaulensis
were accurately classified. Total misclassifica-
tion was 1.3%. Table 6 shows the correlation
coefficients of the indices with the discriminant
factor.
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following the procedures described by Wada and
Numachi (1991). The buffer systems used and the
nomenclature suggested by Shaklee et al. (1990)
are represented in Table 2.

Additionally, qualitative assessments of the
pattern and colour of chromatophores in fresh
specimens were considered.

Software applied: For allometry and discrimi-
nant analysis, programs AMRLM and AMDIS,
respectively. Both were developed in Microsoft
FORTRAN F32 by Aníbal Aubone of the mathe-
matic sector of INIDEP.

RESULTS

Morphometric characters

Allometry analysis
The growth curves of each morphometric char-

acter were obtained and compared between sexes
within species and by species (Tables 3 to 5).

Comparisons between sexes showed highly
significant differences between males and females
in the mantle width, fins, arms and gladius

Table 1. Location of capture, sample sizes and mantle length
ranges for Loligo plei, Loligo gahi and Loligo san-
paulensis samples used for the biochemichal analysis.

Tabla 1. Posición de las capturas, tamaños muestrales y ran-
gos del largo de manto para las muestras de Loligo
plei, Loligo gahi y Loligo sanpaulensis utilizadas en
el análisis bioquímico.

Species Sample Location of Size range (mm)
size caputure

Loligo plei 2 Brazil - Santos 165-246
Loligo sanpaulensis 2 Brazil - Santos 80-90

35 Argentina 31-220
Loligo gahi 31 Argentina 31-245

10 Chile - Valdivia 98-158

Total 80
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Figure 3. Relationships between total weight (TW) and mantle length (ML) by sex of Loligo gahi and Loligo sanpaulensis (full
circles: females; open triangles: males).

Figura 3. Relaciones entre el peso total (TW) y el largo del manto (ML) por sexo de Loligo gahi y Loligo sanpaulensis (círculos
rellenos: hembras; triángulos vacíos: machos).

Figure 4. Relationships between the excluded (left) and selected (right) indices and size for Loligo gahi (LG) and Loligo sanpau-
lensis (LS).

Figura 4. Relaciones entre los índices excluídos (izquierda) y los índices seleccionados (derecha) y la talla para Loligo gahi (LG)
y Loligo sanpaulensis (LS).
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Table 2. Electrophoretic conditions of the enzymes analyzed.
Tabla 2. Condiciones electroforéticas de las enzimas analizadas.

Enzyme E.C.N. Buffer Tissue Nº of Loci Resolution

Adenosine deaminase 3.5.4.4 III M ADA* Polymorphic

Adenylate kinase 2.7.4.3 III M AK* Polymorphic

Arginine kinase 2.7.3.3 III-II M-OM APK* No reaction

Fumarate hydratase 4.2.1.2 IV M-OM FH* No reaction

Glucosa-6-phosphate isomerase 5.3.1.9 II M GPI* Polymorphic

Glutamate oxaloacetate transaminase 2.6.1.1 IV M-OM AAT*1 Monomorphic

AAT*2 Polymorphic

a-Glycerophosphate dehydrogenase 1.1.1.8 IV M a-GPDH* Monomorphic

Isocitrate dehydrogenase 1.1.142 IV M IDH* Polymorphic

L-Lactate dehydrogenase 1.1.1.27 II M-OM LDH* Polymorphic

Malate dehydrogenase 1.1.137 III M MDH*1 Polymorphic

MDH*2 Monomorphic

MDH*3 Polymorphic

Malic enzime (NAD) 1.1.1.39 III M ME* Polymorphic

Malic enzime (NADP) 1.1.1.40 IV M MEP* Monomorphic

Mannose phosphate isomerase 5.3.1.8 III M MPI* Monomorphic

Octopine dehydrogenase 1.5.1.11 III M-OM ODH* Monomorphic

Peptidase-A (Glicina-Leucina) 3.4.-.- I M PEPA* Polymorphic

Peptidase-B (Leucina-Glicina-Glicina) 3.4.-.- I M PEPB*1 Monomorphic

PEPB*2 Monomorphic

Peptidasa-C 3.4.-.- I M PEPC*1 Monomorphic

PEPC*2 Monomorphic

Peptidase-D (Proline) 3.4.13.9 I M PEPD* Polymorphic

Peptidasa-S (Leucina-Tirosina) 3.4.-.- I M PEPS* Polymorphic

Phosphoglucomutase 5.4.2.2. II M-OM PGM* Polymorphic

Phosphogluconate dhydrogenase 1.1.1.44 II M PGDH* Polymorphic

Superoxide dismutase 1.15.1.1 III-IV M SOD* Monomorphic

Xanthine oxidase 1.2.3.2 M-OM XDH* No reaction

E.C.N.: Enzyme Commission number. 
Buffer: I- Ridgway’s pH 8.6, II- CAMP pH 7.4, III- TVB-LB pH 8.5 and IV- CT pH 8. 
Tissue: M= mantle, OM= oral muscle.
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Table 3. Isometry test and comparison of morphometric characters between Loligo gahi and Loligo sanpaulensis.
Tabla 3. Test de isometría y comparación de los caracteres morfométricos entre Loligo gahi y Loligo sanpaulensis.

L. gahi L. sanpaulensis Isometry Likelihood

r2 r2 L. gahi L. sanpaulensis Ratio test

MW vs. ML 0.85 0.93 HS HS HS

FL vs. ML 0.99 0.98 HS HS HS

FW vs. ML 0.95 0.95 HS HS HS

AIL vs. ML 0.90 0.83 HS HS HS

AIIL vs. ML 0.91 0.86 HS S HS

AIIIL vs. ML 0.91 0.87 HS NS HS

AIVL vs. ML 0.91 0.86 HS NS HS

TL vs. ML 0.84 0.71 HS NS HS

CL vs. TL 0.73 0.77 NS HS HS

AIVLL vs. ML 0.91 0.88 HS NS HS

HL vs. ML 0.83 0.83 HS HS HS

GW vs. ML 0.93 0.88 HS HS HS

RW vs. ML 0.83 0.81 NS NS NS

HW vs. HL 0.79 0.81 SH SH S

ED vs. HL 0.70 0.81 HS HS S

LD vs. ED 0.52 0.67 S HS HS

GW vs. RW 0.77 0.73 HS HS HS

SCL vs. ML 0.93 0.96 HS HS NS

NCL vs. ML 0.96 0.97 HS HS S

SCL vs. HL 0.87 0.83 HS NS HS

NCL vs. HL 0.88 0.84 NS HS HS

SCL vs. FUL 0.93 0.95 HS NS HS

NCL vs. FUL 0.95 0.95 HS HS HS

TW vs. ML 0.97 0.97 HS HS HS

r2= coefficient of determination
No significant difference (NS): p > 0.05
Significant difference (S): 0.01 > p < 0.05
Highly significant difference (HS): p < 0.01
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Table 4. Isometry test and comparison of morphometric characters between sexes of Loligo gahi.
Tabla 4. Test de isometría y comparación entre sexos de los caracteres morfométricos de Loligo gahi.

Loligo gahi Males Females Isometry Likelihood

r2 r2 Males Females Ratio test

MW vs. ML 0.85 0.86 HS HS HS

FL vs. ML 0.99 0.99 HS HS HS

FW vs. ML 0.95 0.97 NS HS HS

AIL vs. ML 0.87 0.95 HS HS HS

AIIL vs. ML 0.89 0.94 HS HS HS

AIIIL vs. ML 0.9 0.93 HS NS S

AIVL vs. ML 0.9 0.93 HS HS HS

TL vs. ML 0.83 0.85 HS HS NS

CL vs. TL 0.67 0.79 NS NS NS

AIVLL vs. ML 0.89 0.94 HS HS NS

HL vs. ML 0.83 0.84 HS HS S

GW vs. ML 0.92 0.96 HS HS HS

RW vs. ML 0.81 0.87 NS NS NS

HW vs. HL 0.79 0.79 S NS NS

ED vs. HL 0.67 0.74 HS HS NS

LD vs. ED 0.49 0.56 HS NS NS

GW vs. RW 0.75 0.83 HS S HS

SCL vs. ML 0.94 0.9 HS HS NS

NCL vs. ML 0.96 0.95 HS HS NS

SCL vs. HL 0.87 0.84 NS NS NS

NCL vs. HL 0.88 0.88 HS HS S

SCL vs. FUL 0.95 0.9 S HS NS

NCL vs. FUL 0.96 0.92 NS NS NS

TW vs. ML 0.97 0.97 HS HS S

r2= coefficient of determination
No significant difference (NS): p > 0.05
Significant difference (S): 0.01 > p < 0.05
Highly significant difference (HS): p < 0.01
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Table 5. Isometry test and comparison of morphometric characters between sexes of Loligo sanpaulensis.
Tabla 5. Test de isometría y comparación entre sexos de los caracteres morfométricos de Loligo sanpaulensis.

Loligo sanpaulensis Males Females Isometry Likelihood 

r2 r2 Males Females Ratio test

MW vs. ML 0.93 0.94 HS HS HS

FL vs. ML 0.99 0.97 HS HS NS

FW vs. ML 0.95 0.96 S S NS

AIL vs. ML 0.8 0.88 NS S HS

AIIL vs. ML 0.85 0.87 NS NS HS

AIIIL vs. ML 0.86 0.89 NS NS HS

AIVL vs. ML 0.84 0.87 NS NS HS

TL vs. ML 0.68 0.71 NS NS NS

CL vs. TL 0.71 0.8 HS SN S

AIVLL vs. ML 0.87 0.89 NS NS HS

HL vs. ML 0.85 0.81 HS HS HS

GW vs. ML 0.93 0.92 HS HS HS

RW vs. ML 0.79 0.81 NS NS NS

HW vs. HL 0.85 0.76 HS HS NS

ED vs. HL 0.82 0.78 HS HS NS

LD vs. ED 0.66 0.67 S HS NS

GW vs. RW 0.75 0.77 HS HS HS

SCL vs. ML 0.97 0.93 HS HS NS

NCL vs. ML 0.97 0.96 HS HS NS

SCL vs. HL 0.86 0.81 NS S HS

NCL vs. HL 0.84 0.85 NS NS NS

SCL vs. FUL 0.96 0.95 NS NS NS

NCL vs. FUL 0.95 0.94 HS HS NS

TW vs. ML 0.98 0.98 HS HS HS

r2= coefficient of determination
No significant difference (NS): p > 0.05
Significant difference (S): 0.01 > p < 0.05
Highly significant difference (HS): p < 0.01



Table 6. Correlation coefficients between the morphometric
indices and the first discriminant factor (F1).

Tabla 6. Coeficientes de correlación entre los índices morfo-
métricos y el primer factor discriminante (F1).

Characters F1

FW/ML 0.92
GW/ML 0.86
AIVLL/ML 0.81
TL/ML 0.79
AIIIL/ML 0.77
AIVL/ML 0.76
GW/RW 0.68
AIIL/ML 0.63
NCL/HL 0.36
AIL/ML 0.35
SCL/HL 0.35
NCL/ML 0.32
ED/HL 0.30
SCL/ML 0.27
CL/TL 0.24
LD/ED 0.24
SCL/FUL 0.24
NCL/FUL 0.13
HW/HL 0.08
RW/ML 0.01

dimensions than L. gahi. A misclassification of
1.9% was observed; 99.5% of L. gahi and 95.6%
of L. sanpaulensis classified correctly. The indi-
viduals from Chile and Brazil were also correct-
ly assigned.

The discriminant factor was also used as a
discriminant function, classifying an individual
as L. gahi if:

9.1202 x (FW/ML) + 12.5756 x (GLW/ML) - 6.7254≤ 0

and otherwise as L. sanpaulensis.
The discriminant function was validated with

additional samples of both species and with the
Jackknife method. The first showed 100% of L.
gahi and 96.7% of L. sanpaulensis correctly clas-
sified. When the Jackknife method was applied,
the right classification rose to 99.4% for L. gahi
and to 95.8% for L. sanpaulensis.

When the discriminant analysis was applied to
immature individuals only (N= 337; ML= 30 to
79 mm) to determine how these two indices dis-
criminate juveniles of both species, a misclassifi-
cation rate of 3.3% was obtained.

FW/ML was the best index found; it alone
would identify the species. This index ranged
from 0.30 to 0.55 for L. gahi and from 0.39 to
0.74 for L. sanpaulensis. Differences in the index
ranges for males and females were observed in L.
sanpaulensis (Table 7). In order to know the ratio
at which the species differentiate, an average
value of the mean indices was calculated. Index
values lower than 0.53 correspond to L. gahi and
those higher to L. sanpaulensis (Figure 4). In this
case, from a sample of 1,388 individuals a mis-
classification of 3.7% was obtained.

Meristic characters

Meristic characters between sexes for each
species and between species without sex differ-
entiation were also analyzed. Neither was corre-
lated with size so all were considered for the pos-
terior analysis.
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To obtain an accurate discriminant function,
the sample size was increased to 1,385 individu-
als and the discriminant analysis applied to the
two indices that showed correlation coefficients
higher than 0.85 (FW/ML and GW/ML; Table 6,
Figure 4). The discriminant analysis calculated
positive values on the discriminant factor (F1) for
L. sanpaulensis and negative values for L. gahi,
to indicate that the two species are clearly sepa-
rated (Figure 5 A). The correlation coefficients
between the indices and loadings on the first dis-
criminant function (F1) showed high positive
values (FW/ML: 0.97, GW/ML: 0.84). In other
words, L. sanpaulensis has larger standardized



When males and females were analyzed sepa-
rately it was observed that, in all cases, the corre-
lation coefficients with F1 were low with a mis-
classification of 34.2%.

Comparing species without sex differentiation
the discriminant analysis (Figure 5 B) showed
that the highest correlation coefficients between
the characters and the discriminant factor (F1)
corresponded to the number of teeth of the central
manus sucker rings (-0.84) and to the sucker row
number of dactylus (0.70). The misclassification

rate was 7.5%. The sucker row number of dacty-
lus (Lg: 23 to 41, Ls: 20 to 35) and the number of
teeth of central manus suckers (Lg: 18 to 41, Ls:
17 to 32) are higher in L. gahi than in L. san-
paulensis.

Body colour pattern

In fresh specimens, body coloration is a useful
subjective character for species identification.
Loligo gahi is brownish dorsally and reddish ven-
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Table 7. Range and mean values of the two indices selected from the discriminant analysis for Loligo gahi and Loligo sanpaulensis.
Tabla 7. Rangos y valores medios de los dos índices seleccionados del análisis discriminante para Loligo gahi y Loligo san-

paulensis.

Characters Loligo gahi Loligo sanpaulensis
Males (503) Females (404) Males (238) Females (228)

Range Mean Range Mean Range Mean Range Mean

FW/ML 0.30-0.55 0.45 0.30-0.55 0.46 0.39-0.74 0.59 0.47-0.73 0.60
GW/ML 0.09-0.20 0.13 0.11-0.26 0.14 0.13-0.25 0.17 0.14-0.30 0.19

Figure 5. A) Discriminant analysis plot for the morphometric characters of Loligo gahi (open circles: argentine samples; full cir-
cles: chilean samples) and Loligo sanpaulensis (open triangles: argentine samples; full triangles: brazilian samples). B)
Discriminant analysis plot for the meristic characters of Loligo gahi (circles) and Loligo sanpaulensis (triangles).

Figura 5. A) Gráfico del análisis discriminante para los caracteres morfométricos de Loligo gahi (círculos vacíos: muestras de
Argentina; círculos rellenos: muestras de Chile) y Loligo sanpaulensis (triángulos vacíos: muestras de Argentina; trián-
gulos rellenos: muestras de Brasil). B) Gráfico del análisis discriminante para los caracteres merísticos de Loligo gahi
(círculos) y Loligo sanpaulensis (triángulos).



trally whereas both sides are reddish in L. san-
paulensis. On the other hand, a great proportion
of juvenile squid is caught with the skin injured,
which makes identification from the colour pat-
tern impossible.

The pattern of chromatophores on the oral sur-
faces of arms IV allows separation of the two
species. In both sexes, and over all size ranges
studied, even on hectocotylus, L. gahi had chro-
matophores that were absent in L. sanpaulensis
(Figure 6).

Biochemical analysis

The analysis of the zymograms of L. gahi and
L. sanpaulensis, that included samples from Chile
and Brazil, showed different enzymatic patterns
that allowed to identify them as two species
(Figure 7).

Of the 23 enzymes assayed, 20 presented clear
resolution in all species, revealing the presence of
25 putative enzyme loci (Table 2). The PGM
enzyme showed the highest levels of genetic vari-
ability. The enzymes without activity were
Arginine kinase (APK), Fumarate hydratase (FH)
and Xanthine dehydrogenase (XDH). Of the 25
loci resolved, 14 (p=0.66) were polymorphic
according to the 95% criterion and the remaining
11 (p=0.52) monomorphic.

Even though the objective was not to establish
the phylogenetic relationships between the
species, the identity index was calculated.
Genetic identity value between L. plei and L. san-
paulensis was 0.93931. The genetic identity of
the species analyzed and L. gahi was 0.73431.
These values indicate that L. plei and L. san-
paulensis are closely related species. L. gahi is
considerably distant from them.

DISCUSSION

This study emphasizes the analysis of several
alternative tools for a possible discrimination
between the two Southwest Atlantic loliginid
species.

The length of the fins in relation to the mantle
length to differentiate between L sanpaulensis
and L. gahi was used by every author to date
(Castellanos et al., 1968; Castellanos and
Cazzaniga, 1977, 1979; Brakoniecki, 1984). They
assumed that values of FL/ML higher than 0.5
correspond to L. sanpaulensis and those lower to
L. gahi. But fin length, besides being highly cor-
related with size, proved not to be reliable for
small squid, specially for those individuals below
90 mm ML (Figure 4). Applying the 0.5 ratio to
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Figure 6. Arms IV oral faces. A) Loligo gahi (with chromatophores), B) Loligo sanpaulensis (without chromatophores).
Figura 6. Caras orales de los brazos IV. A) Loligo gahi (con cromatóforos), B) Loligo sanpaulensis (sin cromatóforos).



the present data resulted in 10.8% probability of
being incorrectly assigned. Haefner (1964) and
Sánchez et al. (1996) also observed the increase
of this index with growth and the overlapping in
the smallest size classes for Lolliguncula brevis,
Loligo pealei and Loligo plei. Nevertheless, in
spite of the increase of the index with growth, the
species of the Southwest Atlantic are nearly com-
pletely separated. So, the simple relationship
between the index and ML could allow an easy

way to separate species just comparing the meas-
ures with the scatterplot (Figure 4). 

Other indices highly correlated with size are
MW/ML and HL/ML, both decreasing with
growth (Figure 4), also verified for Lolliguncula
brevis and Loligo pealei (Haefner, 1964). In other
loliginid squids the best discrimination was
achieved with combinations of measurements of
characters and calculated indices associated to
hard structures (funnel cartilage length, gladius
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Figure 7. Zymogram of mantle muscle MDH enzyme from Loligo plei, Loligo gahi and Loligo sanpaulensis.
Figura 7. Zimograma de la enzima malato deshidrogenasa (MDH) del músculo del manto para Loligo plei, Loligo gahi y Loligo

sanpaulensis.



width, nuchal cartilage length and rachis width;
Sánchez et al., 1996). On the contrary, in the pres-
ent study, with the exception of gladius width,
hard structure measurements did not contribute to
species identification.

The best discrimination between the two
Loligo species was based more on the morpho-
metric indices than on the meristic counts. The
discriminant function proposed in this paper
allows an easy separation of the species distrib-
uted in the Southwest Atlantic waters. From two
morphometric indices (FW/ML and GW/ML) it
is possible to identify a specimen as L. gahi with
100% and L. sanpaulensis with 97% probability.
The highest index values corresponded to L. san-
paulensis which means that, at a given size, it has
fins and gladius wider than L. gahi.

Fin width appeared to be a very useful meas-
urement to distinguish the species as its size relat-
ed to mantle length could be used alone as a dif-
ferentiation tool. Vigliano (1985), working on L.
sanpaulensis, mentioned the importance of this
index for the species characterization and its low
correlation with size. The ranges of the index cal-
culated here for both species were wider than
those presented by Brakoniecki (1984).

Besides, the morphometric analysis provided
information on sexual dimorphism within
species. In both species, the gladius of females is
wider than that of males in all size classes (Table
7); this was also noted in other loliginids
(Sánchez et al., 1996). Nevertheless, in the pres-
ent study, when sex was considered, a high
degree of overlapping between males and females
and no contribution to the discrimination between
species were observed.

As reported for other species of loliginids
(Haefner, 1964; Sánchez et al., 1996), differences
in the length/weight relationships between sexes
were observed: females are heavier than males,
specially at sizes over 100 mm ML.

In addition to the morphometric characters, a
new character that should allow an easy separa-
tion of the two species was observed: the oral

faces of arms IV are without chromatophores in
L. sanpaulensis but with many in L. gahi.

Besides the characteristics mentioned above,
Pineda et al. (1998 b) reported that the shape of
the statolith is another structure useful for the
identification of the species. Loligo gahi sta-
toliths are significantly larger than those of L.
sanpaulensis and are characterized by the pres-
ence of a prominent dorsal dome and a relatively
long, thin rostrum. On the other hand, the sta-
toliths of L. sanpaulensis have a rounded dome
and short rostrum.

At the biochemical analysis, of all loci ana-
lyzed, the PGM locus exhibited the highest levels
of genetic variability and five electrophoretically
distinct alleles different from those reported by
Carvalho et al. (1989). This is probably due to the
electrophoretic conditions employed.

Even though the number of enzymes used in
this work was consistent, the high genetic identi-
ty value obtained for L. plei and L. sanpaulensis
may be due to the low number of samples of L.
Plei analyzed.

Finally, squids morphologically distinct were
also genetically distinct, so we can conclude that
the identification of L. sanpaulensis and L. gahi
juveniles can be done using one or two morpho-
metric indices in combination with the chro-
matophore pattern on the oral face of arms IV.
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