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MORPHOLOGICAL DIFFERENCES BETWEEN THE PATAGONIAN
SQUID LOLIGO GAHI POPULATIONS FROM THE PACIFIC AND

ATLANTIC OCEANS

Marco A. Vega, Francisco J. Rocha, Angel Guerra and Cecilia Osorio

ABSTRACT
A total of 243 specimens of the loliginid squid Loligo gahi was examined. The samples

comprised 82 specimens (34 males and 48 females) from Peruvian waters and 94 (78
males and 16 females) from Southern Chilean waters in the Pacific Ocean, and 58 (35
males and 23 females) from waters around the Falkland Islands in the Atlantic Ocean.
Size of the specimens ranged from 83 to 201 mm dorsal mantle length (ML). After de-
frosting at room temperature, sex, maturity stage, 23 morphometric and five meristic
characters from each individual were recorded. Measurements and counts were obtained
by the same sampler and under similar conditions. In order to test potential differences
between these three populations a Discriminant Analysis was undertaken using morpho-
metric characters. Meristic characters were analyzed using the U Mann-Whitney non-
parametric test. Males and females from Falkland Islands population differed in all mor-
phometric characters examined showing higher sexual dimorphism than those from Pe-
ruvian and Southern Chilean waters. Significant differences between sexes also occurred
in Peruvian population attached to gladius width, gladius rachis length and lower hood
length. However, no significant differences between sexes were found in the Chilean
population. Significant differences between the three populations, comparing males and
females separately, were found. All morphometric characters, except fin length and gladius
width, and the number of teeth in the largest sucker of the third arm and the number of
gill lamellae accounted for these differences. Hard structures (gladius, beaks and sta-
toliths) proved to be more accurate than soft body parts to separate between populations.
Systematics and evolutive implications of the differences found are discussed.

The Patagonian squid Loligo gahi Orbigny, 1835 inhabits the coast of Peru and Chile in
the southwestern Pacific and the coast of Argentina and the Falkland Islands in the south-
eastern Atlantic (Roper et al., 1984). It is a neritic species that supports an important
fishery on the Patagonian shelf. This international fishery is mainly concentrated in the
south and the east of the FICZ of the Falklands where 35,000 t of L. gahi were caught in
1999 (Hatfield and Des Clers, 1998).

Although a number of studies on the biology, ecology and fisheries of the Patagonian
squid, L. gahi, have been carried out (see Hatfield and Des Clers, 1998 for a review) its
systematic position is still controversial. Thus, whereas L. gahi Orbigny 1835 and Loligo

patagonica Smith, 1881 are considered the same species by several authors (Castellanos
and Cazzaniga, 1979; Brakoniecki, 1984), both are clear and different valid species for
other ones (Nesis, 1987). The former position claims that the species inhabits an area,
which extends from the Peruvian waters in the Southwestern Pacific to the Patagonian
Shelf and includes the Falkland Islands, in the Southeastern Atlantic. The latter one, how-
ever, indicates that L. gahi distribution is restricted to the Pacific, whereas L. patagonica

lives exclusively in the Atlantic Ocean.
This paper deals with the comparison of morphometric and meristic characters ob-

tained from squids caught in waters of Peru, Chile and the Falkland Islands. Its aim is to
show whether these populations can be significantly differentiated using these types of
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characters. Analysis of morphometric data has been an accepted method in taxonomy and
systematics as well as in stocks discrimination (Ihseen et al., 1981) and studies on geo-
graphic variation of species (Kristensen, 1982; Pierce et al., 1994a,b).

MATERIAL AND METHODS

A total of 234 specimens was examined. This sample comprised three subsamples. Subsample
A: 82 (34 males, 47 females and 1 unsexed) caught in Peru; 94 (78 males, 16 females) caught off
Chile, and 58 (35 males, 23 females) caught off the Falkland Islands. Sizes of the individuals varied
from 113 to 201 mm dorsal mantle length (ML) off Peru, 83 to 180 mm ML off Chile and 134 to
187 mm ML off Falkland Islands. These individuals, were taken from random samples, were ob-
tained in landings at: (a) Paita (northern Peru), by BCA Comercial Ltda. (Santiago) in October
1997; (b) Talcahuano (southern Chile) in small-scale fisheries in March 1998, and (c) off the Falkland
Islands in landings at Punta Arenas, by Pesca Chile, S.A., in April 1997.

All individuals were frozen and preserved at −18°C. After thawing at room temperature, the sex
and maturity stage of each individuals were determined, according to Boyle and Ngoile (1993).
Gladius and beaks were extracted according to the technique described in Bizikov (1991) and
Clarke (1986), whereas the technique described in Dawe and Natsukari (1991) was used to extract
statoliths. Gladius and beaks were preserved in 75% ethyl alcohol, while statoliths were preserved
in 95% ethyl alcohol.

A total of 23 morphometric characters of the body, gladius, beaks and statoliths were measured.
Body parts were measured with a 1 mm precision whereas the rest were measured with 0.001 mm
precision. A Zeiss binocular microscope with micrometric lens was used for measurements at 2
mm.  Five meristic characters of the body and hard structures were also measured. The terms,
abbreviations and measurements used for the body, beaks and statoliths are as described by Roper
and Voss (1983), Clarke (1986) and Clarke (1978), respectively. The following body measurements
were made: dorsal mantle length (ML), fin length (FL), head length (HL), head width (HW), eye
diameter (ED), arm length I to IV (ALI to ALIV), anterior mantle circumference (AMC) and pos-
terior mantle circumference (PMC). Hard structures measures were: gladius width (GW), raquis
length (RL), raquis width (RW), funnel cartilage length (FCL), upper beak rostral length (UBRL),
upper beak hood length (UBHL), lower beak rostral length (LBRL), upper beak distance between
the jaw angles (UBDJA), lower beak hood length (LBHL), lower beak distance between the jaw
angles (LBDJA), left statolith total length (STL) and left statolith rostral length (SRL). Meristic
characters measured were: teeth number in the major sucker of tentacular club (TNSTC), teeth
number in the major sucker of arm III (TNSAIII), gill lamellae count (GiLC), lappet number (LpN)
and radula number of teeth in rows (RNTR).

Residues from the regression of each morphometric character on ML were used to detect
incoherencies and to test the normality of the data (Saborido, 1994). For each morphometric and
meristic variable, the mean, variance, range and standard deviation were estimated. The morpho-
metric variables were also expressed as a percentage of the ML and standard deviation was calcu-
lated. All measurements and counts were made by the same researcher.

Prior to the analyses, each morphometric variable was transformed using a univariate method
that adjusts for size variation in morphometric data (Reist, 1985, 1986; Saborido, 1994). Differ-
ences between sexes for each population were compared by a Hotelling T2 (multivariate case) test
and a t-test (unvariate case) (Manly, 1994). A one way Anova was carried out to determine signifi-
cant differences between populations (Canavos, 1996). Finally, a discriminant analysis was made
between the individuals in the three populations to determine their differences (Cuadra, 1989). The
variables used in this analysis were: (1) soft body parts + hard structures; (2) hard structures, and
(3) soft body parts.
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Meristic variables were compared using a U Mann-Whitney and Kruskal-Wallis non-parametric
test (Zar, 1999) to determine whether there were any significant differences between sexes in the
individuals of each population and between populations.

RESULTS

In the course of the analyses, some measurements were rejected either because they
were redundant, such as total length, or because they were too variable, such as tentacle
length (Bookstein et al., 1985; Pierce et al., 1994b). Likewise, anterior (AMC) and poste-
rior mantle circumference (PMC) were preferred over mantle width (Cohen, 1976).

Although a discriminate analysis with all measurements was done, the result is not
included here because the discrimination between the three samples was not so clear than
using hard and soft body parts separately.

COMPARISON BETWEEN SEXES FOR EACH LOCALITY.—Table 1 shows the significant results
of an unvariate comparison between morphometric variables of males and females off
Peru, Chile (Talcahuano) and the Falkland Islands.
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selaM selameF t fd P
n naeM .D.S n naeM .D.S

ureP

WG 43 − 248.0 90.1 64 231.0 91.1 057.3 87 3000.0 *

LR 13 − 174.0 58.1 14 − 393.1 79.1 − 020.2 07 2740.0 *

LHBL 13 − 452.0 72.0 93 − 341.0 71.0 790.2 86 7930.0 *

elihC
dezylanaselbairavcirtemohprom22ehtfoynanidnuoferewsecnereffidtnacifingisoN

sdnalsIdnalklaF
LH 53 − 290.0 17.1 32 789.1 82.1 289.4 65 0000.0 ***

ILA 53 − 596.0 46.3 32 041.4 25.3 110.5 65 10000.0 ***
IILA 43 − 878.0 63.4 22 476.4 16.2 763.5 45 10000.0 ***
IIILA 23 − 622.1 49.4 22 973.4 81.3 986.4 25 10000.0 ***

VILA 43 − 911.1 59.3 32 090.4 46.2 735.5 55 10000.0 ***
CMP 91 574.4 53.4 21 725.31 52.3 091.6 92 10000.0 ***
CMA 43 407.5 07.3 32 172.11 69.2 620.6 55 10000.0 ***

LCF 43 075.1 99.0 32 515.2 78.0 807.3 55 5000.0 **
WG 43 518.0 10.1 32 − 001.0 09.0 − 005.3 55 9000.0 **
WR 33 640.1 56.0 32 875.0 59.0 − 302.2 45 9130.0 *

AJDBU 33 732.0 71.0 32 041.0 81.0 − 330.2 45 0740.0 *
LTS 43 360.0 70.0 12 611.0 60.0 328.2 35 7600.0 *
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Significant differences were observed between hard structures (T2 = 45.24, F(12,28) =
2.71, P < 0.015), but not in the soft parts (T2  = 5.98, F(10,46) = 0.5, P < 0.88) when
comparing between male and female individuals from Peru. No sexual dimorphism was
found between the variables of soft parts (T2 = 9.45, F(10,77) = 0.85, P < 0.59) and hard
structures (T2 = 3.84, F(12,63) = 0.27, P < 0.99) in the Chilean individuals, whereas in the
Falkland Islands there were significant differences between males and females both soft
parts (T2 = 105.72, F(10,15) = 6.61, P < 0.0006), and hard structures (T2 = 29.56, F(12,21)
= 1.62, P < 0.16).

Table 2 shows the results for the comparison between meristic character of males and
females for the three localities. The GiLC was significantly different (α < 0.05) between
males and females in the three areas. No significant differences were obtained in the
other meristic characters.

In view of the fact that significant differences were observed between males and fe-
males in two regions, subsequent morphometric and discriminant analyses were carried
out only comparing between individuals of the same sex.

DISCRIMINANT ANALYSIS BETWEEN LOCALITIES FOR THE SAME SEX.—Tables 3 to 5 show the
results of discriminant analysis between specimens of the same sex off Peru, Chile and
Falkland Islands, using morphometric characters of the soft parts and hard structures.

Discriminant analysis of the morphometric characters using both soft (10 characters)
and hard structures (12 characters) separately shows significant differences between in-
dividuals of the same sex in the three localities. The distinction between three localities,
however, is more significant using hard structures (Males: Lambda Wilks 0.3261, F value
7.438; df(20, 198), P < 0.00001; Females: Lambda Wilks 0.1304, F value 8.495; df(20,
96), P < 0.00001) than soft parts (Males: Lambda Wilks 0.1977, F value 9.262; df(24,
178), P < 0.00001; Females: Lambda Wilks 0.0517, F value 9.626; df(24, 68), P < 0.00001)
(Fig. 1).

The standardized coefficients for canonic variables of soft parts show that the first
canonic variable accounts for 74% of the variability in males and for 96% in females. For
hard structures the first canonic variable accounts for 84% of the variability in males and
99% in females (Table 3). At the same time, table 3 shows the values of the classification
function for the three groups. Table 4 shows the Mahalonobis distance between the cen-
troids of the three samples, using both characters of soft parts and hard structures. Indi-
viduals of the Falklands Islands are more distant than those of other areas. The standard
coefficients of CV (Table 3) indicate that the most important measurements separating
males and females of the Falkland Islands from the other areas using soft parts are AMC
(0.71 in females; 0.89 in males) and HW (0.48 in females and 0.60 in males). In the hard
structures FCL (0.95 in females and 0.73 in males) and SRL (0.56 in females and 0.40 in
males) are important measurements separating the Atlantic group.
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ihagogiloL .snoitaiverbbasretcarahccirtemohpromrofsdohtemdnalairetameeS.aerahcaerof

roftnacifingiseulavz:)*( α = .50.0
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gnilpmasneewtebselamefdnaselamrofsnoitcnufnoitacifissalcdnastneiciffeocdradnatS.selbairavcirtemohpromdemrofsnart
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retcarahC selaM selameF

stneiciffeocdradnatS snoitcnufnoitacifissalC dradnatS
stneiciffeoc snoitcnuFnoitacifissalC

1.V.C 2.V.C ureP elihC sdnalklaF 1.V.C 2.V.C ureP elihC sdnalklaF
strapydobtfoS

LF 3111.0 6252.0 1471.0− 8540.0 3020.0 7911.0− 5692.0 1651.0 3740.0− 1631.0−

LH 7231.0− 8932.0 1020.0− 6760.0 5492.0− 5612.0− 7471.0− 2830.0 2950.0− 2778.0−

DE 7284.0− 6832.0 0791.0 6920.0− 6520.1− 4455.0− 9814.0− 9935.0 8722.0 2061.2−

WH 9995.0 9086.0− 0490.0− 2871.0− 7704.1 6384.0 9871.0 6505.0− 1070.0− 8358.1

ILA 1090.0− 0931.0 5300.0− 6210.0 7870.0− 9094.0 0860.0− 5153.0− 1350.0− 3137.0

IILA 4532.0− 0403.0− 4511.0 0120.0− 3250.0− 0260.0− 4041.0− 6430.0 1350.0 9580.0−

IIILA 0450.0 4774.0 0670.0− 6160.0 5820.0− 8262.0 4541.0 6450.0− 0020.0 2734.0

VILA 8772.0 5470.0− 4260.0− 1400.0− 0551.0 3200.0 8192.0− 4170.0− 3350.0 0760.0−

CMP 6490.0− 0220.0− 9701.0 1570.0 8430.0 0521.0 2272.1 9332.0 9710.0− 0793.0

CMA 3498.0 4955.0 9774.0− 2920.0− 3782.0 4417.0 7148.0− 6395.0− 1860.0− 3345.0

lavnegiE 3961.1 8314.0 5742.5 9722.0

.porP.muC 6837.0 1 4859.0 1

tnatsnoC 1851.3− 8735.0− 6380.5− 2834.2− 3494.1− 7533.11−

serutcurtsdraH

LCF 2827.0 5641.0 5257.1− 4510.0− 9090.2 6649.0− 8762.0 7422.3− 9194.0− 5991.7

WG 2000.0 3712.0 5571.0− 8271.0 0460.0− 0303.0 9304.0 2361.1 5321.0− 2947.1−

LR 1602.0− 9254.0− 9694.0 8360.0− 1411.0− 1002.0− 6870.0 3463.0− 8531.0− 3055.0

WR 3163.0 8624.0− 1934.0− 6844.0− 5038.1 7121.0− 0760.0 6192.0− 3431.0 6345.1

LRBU 5030.0 3100.0 0583.1− 2850.1− 6185.0− 6081.0− 5858.0 0582.1− 1745.3− 6675.7

LHBU 1842.0− 1938.0− 7369.2 8350.0 1773.0 1293.0− 4160.0 7220.2− 6524.0 8638.6

AJDBU 7612.0 3221.0 8902.4− 2557.0− 4360.2 8964.0 8662.0 5238.8 8635.0− 8693.71−

LRBL 8304.0 9713.0 3964.7− 6002.0 1051.5 7554.0 1621.1− 7506.6 9932.6 7950.22−

LHBL 7512.0− 8037.0 7314.2− 3425.0 7129.4− 2751.0 3545.0− 7281.0− 2186.0 6825.8−

AJDBL 1180.0− 8745.0− 8810.4 2032.1− 2826.0 4993.0− 1927.0 1898.4− 0369.2− 5313.71

LTS 3000.0− 2785.0 0273.11− 7347.3 6685.6− 8826.0− 7764.0− 7016.44− 1463.8 3210.69

LRS 5404.0 3161.0 8472.22− 7719.0 6705.32 5265.0− 4015.0 6843.83− 6963.21− 6641.79

lavnegiE 1844.2 6664.0 9428.41 0222.0

.porP.muC 9938.0 1 3589.0 1

tnatsnoC 8077.4− 2476.0− 9543.5− 9488.4− 6435.1− 9127.12−

Table 5 shows the results of the comparison between specimens of the three samples,
using meristic characters. Two meristic characters present significant differences between
the populations in the three localities: NDBIII and NLB. No significant differences were
found in the other characters.

DISCUSSION

Pierce et al. (1994a,b) recommend simultaneous sampling for comparative morpho-
metric studies. In this case, due to the characteristics and cost of sampling, it was not
possible to execute simultaneous sampling operations in each one of the three regions.
Therefore, the Peruvian individuals were taken in spring and the Chilean and Falkland
Islands individuals, in autumn. However, there are studies which indicate that the error is
greater when different people measure sampled individuals together than if the samples
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are not simultaneous (Pierce et al., 1994a,b). In this work the same person took all mea-
surements.

The presence of sexual dimorphism between male and female L. gahi off Peru and the
Falkland Islands contrasts with observations of the Chilean sample, where no significant
differences between the two sexes were found. This may be due to the small number of
females (16 individuals) from the Chilean sample more than due to a real lack of sexual
dimorphism. For example, some characters such as the posterior mantle circumference
(PMC) and the head length (HL), show ‘t’ values which are significantly different from
very low probabilities (P < 0.2 and P < 0.5). In the Peru sample, sexual dimorphism is
only noted in hard structures. In this region and in the Falkland Islands gladius width

Figure 1. Loligo gahi. Discriminant analysis results showing Canonical Variables 1 and 2 for females
and males soft (A and C, respectively) and hard parts (B and D, respectively). Squares: Specimens
from Peru; Triangles: Specimens from Chile; Circles: Specimens from Falkland Islands.

dnaelihC,urePneewtebselamefdnaselamrofedamstlusersisylanatnanimircsiD.4elbaT
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strapydobtfoS
ureP − elihC 9758.3 1959.5 ***100000.0 2395.3 3479.2 *124500.0
elihC − sdnalklaF 4004.7 2159.7 ***1000000.0 3494.22 9940.11 ***1000000.0

sdnalklaF − ureP 3472.41 7491.11 ***1000000.0 1188.73 3184.42 ***1000000.0
serutcurtsdraH

ureP − elihC 4154.6 8383.6 ***1000000.0 8739.8 6963.4 *833000.0
elihC − sdnalklaF 3980.01 2837.11 ***1000000.0 0998.54 7585.61 ***1000000.0

sdnalklaF − ureP 5003.42 0239.61 ***1000000.0 1389.98 7745.14 ***1000000.0
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(GW) is wider in females than in males, which coincided with Cohen’s (1976) observa-
tions for Loligo pealei, Loligo plei and Loligo roperi. Other differences observed be-
tween males and females of this species, such as the lower beak hood length (LBHL) off
northern Peru and the left statolith total length (STL) off the Falkland Islands have also
been observed in ommastrephid squids Illex coindetii and Illex argentinus (González,
1994; Brunetti and Ivanovic, 1991) respectively. The only meristic character presenting
sexual dimorphism in the three regions studied is the number of gill lamellae (GiLC),
which coincides with observations by Cohen (1976) for other loliginid squids. This dif-
ference, however, does not appear to be linked to the higher oxygen demand in mature
females since, with the exception of the Falkland Islands, the GiLC was greater in males
than in females.

The differences observed between L. gahi individuals of Peruvian coast, Chile and
Falkland Islands, in both morphometric and meristic characters, are more accentuated
between individuals from the Falkland Islands with those from Peru and Chile than be-
tween those from the latter two localities. The significant differences in the number of
gill lamellae and number of chitinous teeth of major sucker ring on arm III reflect a
greater variability than that observed by Castellanos and Cazzaniga (1979) in individuals
from Chile and Argentina.

Although seven buccal lappets were found in the majority of the individuals studied, in
the case of two males off Chile, six and eight buccal lappets were noted. In the Falkland
Islands eight lappets were counted in one male and six in one female. This coincides with
observations by Cohen (1976) in other species of loliginids, who interprets these differ-
ences as geographical variations.

The result of the discriminant analysis indicates that males and females off Peru, Chile
and Falkland Islands may be separated into three groups using morphometric characters.
Two possible explanations may explain this phenomenon:

On the one hand, differences between the individuals from different areas may be caused
by different environmental conditions (Pierce et al., 1994b). Squids are closely linked to
the continental shelf in the Falkland Islands (Hatfield et al., 1990). Continental shelf
waters are characterized by a low salinity (S<34%) and bottom temperatures of over 5°C.
These waters are subject to oceanographic variations caused by changes in the Falklands
current system (Fedúlov et al., 1990). Conversely, in Chilean waters squids are part of the
Humboldt current ecosystem (Cañon and Morales, 1985). This current moves northwards
for 300 to 400 km along the coast adjacent to a second flow, approximately to 100 km off
the coast, known as ‘Rama Costera’ of the Humboldt Current. This current runs from 30°
to 48°S, reaching temperatures of 11.5–13.5°C and salinity levels ranging from 32.7 to
33.4‰ (Santelices, 1989). In Peru, squids are also associated with the Humboldt Current,

hcaefosnemicepsneewtebsretcarahccitsiremrofedamstlusersisylanacirtemarap-noN.5elbaT
tnacifingiseulavz:)*(.snoitaiverbbasretcarahccirtemohpromrofsdohtemdnalairetameeS.aera

rof α = roftnacifingiseulavz:)**(.50.0 α = .100.0

selpmaS CTSNT IIIASNT NpL RTNR )selam(CLiG )selamef(CLiG
elihC − ureP 34.0− ∗58.5− 41.0− 100.0 ∗86.5− ∗87.4−

elihC − sdnalklaF 64.0− ∗32.3− 81.0− 70.0− ∗92.5− ∗04.4−

ureP − sdnalklaF 29.0− ∗64.2− 03.0− 80.0− 39.0− 74.1−

elihC − ureP − sdnalklaF 09.0 ∗∗07.83 61.1 91.0 ∗∗62.84 ∗∗78.72
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Figure 2. Loligo gahi. Map showing the distribution of Loligo gahi and general view of oceanic
currents in the area. Triangles: Sample origin.
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but this ecosystem is influenced by subtropical water masses. From 18° to 28°S the Rama
Costera in the Humboldt Current reaches temperatures of over 18.5°C and salinity levels
of approximately 34.9‰ (Santelices, 1989) (Figure 2). Thus the differences between in-
dividuals in the samples studied may be due to environmental variations.

The second explanation implies genetic differences between individuals in the three
areas that could be generated by environmental and geographical barriers which, either
totally or partially, hinder genetic interchange between populations, subspecies or spe-
cies of cephalopods in adjacent regions (Augustyn and Grant, 1988; Pérez-Lozada, 1998).
Distribution of paralarvae and spawning areas of L. gahi off the coasts of Chile, Peru and
Falkland Islands (Fig. 2) are limited by two factors. Firstly, the impact of the sub-Antarc-
tic current on the Chilean coast, in front of Taitao Peninsula (47°S), generates two oce-
anic streams flowing in opposite directions: the Humboldt current, which flows north-
ward following the Chilean and Peruvian coasts, and the Cape Horn current that flows
southward to the Atlantic Ocean. These currents, besides the Falklands Current, which
moves northward along the Argentinean coast, are oceanographic barriers impeding scat-
tering and mixing of paralarvae between the coasts of Chile and the Falkland Islands
(Cañon and Morales, 1985; Fedúlov et al., 1990). Furthemore, L. gahi spawning areas,
associated with the continental shelf (Patterson, 1988; Hatfield et al., 1990), would be
very separated between Peru and Chile due to the fact that the continental shelf off the
Chilean coast is very narrow or practically absent in the northern area up to 28°S, and
only broadens out towards the southern area (Morales, 1984). Finally, although the juve-
niles and adults might migrate between the three studied areas, it is not probable due to
the different physical characteristics of the waters surrounding the Falkland Islands and
coast of Peru and Chile (e.g., temperature differences, 5°C in the Falkland Islands versus
11–13°C in Chilean waters and 18–28°C in Peruvian waters).

Whatever the cause may be, it is reasonable to assume that a separation exists between
the populations of Peru, Chile and Falkland Islands. It is more reasonable to consider,
nevertheless, that there is a certain degree of mixing between individuals from Peru and
Chile than the latter with those from the Falkland Islands.

Therefore, there are oceanographic and geographical factors which lead us to assume
that the Falkland Islands population may be sufficiently isolated from the populations of
Chile and Peru as to hinder genetic flow, coupled with the possibility of a certain degree
of subspeciation (Mayr, 1963; Margalef, 1974). These biogeographic barriers may ex-
plain the morphometric differences found between the populations of L. gahi off Peru,
Chile and the Falkland Islands. Although this study shows signs of Falkland Islands popu-
lation comprising a different taxa of L. gahi from Peru and Chile, genetic studies would
need to confirm this find. These studies should clarify if these differences are ecomorph,
subspecies or even different species, as certain authors have held (Nesis, 1987).
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