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Stock structure information is an important part of bases for understanding the
dynamics of cephalopod populations. Purpleback flying squid Sthenoteuthis
oualaniensis is an abundant and highly productive species in tropical and
subtropical waters of the Indo-Pacific region. However, it is characterized by
a complex stock structure, and the stock discrimination is an urgent priority to
understand basic biology and for stock assessment and management
purposes. Here, we used gladius morphology to identify and discriminate the
dwarf without a dorsal photophore and middle-sized typical forms of S.
oualaniensis in the South China Sea. Results showed that both forms had
double axes on the gladius and females consistently had a larger gladius than
males. Multivariate analyses using the gladius morphometric characteristics
indicated that individuals of dwarf form without a dorsal photophore were
distinguished from those of middle-sized typical form, which was evidenced by
the obvious groups and significant dissimilarity of gladii of these two forms. The
discrimination based on the gladius morphometric characteristics showed a
high rate of accuracy, in which a global discrimination accuracy was estimated
to be 92.36% for both forms without regarding sexes and 65.82% for the
discrimination to form and sex. In combination, these lines of evidence
indicated that individuals of dwarf without a dorsal photophore and middle-
sized typical forms of S. oualaniensis can be accurately distinguished using the
gladius morphometric characteristics, and these results will warrant the
application of the gladius to study the stock structure of S. oualaniensis and
other squid else.
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Introduction

Purpleback flying squid Sthenoteuthis oualaniensis is an
abundant and highly productive species that inhabits open
waters of the Indo-Pacific region, including tropical and
subtropical waters (Jereb and Roper, 2010). This species is
characterized by fast growth, short lifespan, and semelparous
reproduction (Liu et al., 2016). S. oualaniensis plays a critical role
in epipelagic to mesopelagic waters, preying on a wide spectrum
of food organisms from mesozooplankton to myctophids and
supporting diverse marine predators including squids, fishes,
sharks, whales, and seabirds (Jereb and Roper, 2010). S.
oualaniensis is also becoming an important fishery species
(Zhang et al., 2014). In the central South China Sea (SCS), for
example, S. oualaniensis is a major target for the small-scale
jigging fishery (Chen et al., 2008) as well as for the large-scale
light falling-net fishery (Yang, 2002; Zhang et al., 2013). Similar
to other Ommastrephidae squid such as Dosidicus gigas and Illex
argentinus (Keyl et al., 2011; Rodhouse et al., 2013), however,
stock discrimination is still uncertain and an important research
priority (Chen et al., 2012), particularly for the case of increasing
fishing pressure in the SCS (Zhang et al., 2014).

Stock structure information provides a basis for
understanding the dynamics of cephalopod populations. Each
stock may have unique demographic properties and responses to
exploitation (Boyle and Rodhouse, 2005). Morphometric
characteristics form the basis for one of the simplest, and most
often used, tools to identify and characterize squid stocks, i.e., in
determining population assemblages (Rodhouse et al., 2013) and
assigning individuals to stock (Fang et al., 2014). Morphometric
characteristics can also be used to identify traits with
evolutionary significance (e.g., Wanninger and Wollesen,
2018). Therefore, information on how, and the extent to
which, a species or one stock within a species evolves specific
morphometric relationships can potentially contribute to better
management and conservation (Clavel and Morlon, 2017), as
well as leading to a better understanding of species evolution,
ecology, and ultimately stock assessment (Laptikhovsky et al.,
2017; Wright et al., 2018).

S. oualaniensis exhibits a complicated intraspecific stock
structure, with multiple morphological (Nesis, 1993),
geographic (Chen et al, 2007; Yan et al,, 2015), molecular
(Staaf et al., 2010), and/or even spawning forms (Liu et al,
2008). In the SCS, available information indicates that there are
probably two stocks of purpleback flying squid—the middle-
sized (with dorsal photophore) and dwarf (without dorsal
photophore) forms (Zhu et al., 2016; Wang et al,, 2017; Li
et al,, 2019). These two stocks are, however, unconfirmed,
presumably owing to a significant geographic overlap in
morphology (Li et al., 2019). According to the different types
of gladius, middle-sized individuals are divided into two forms:
the middle-sized, typical form with double axes and the middle-

Frontiers in Marine Science

02

10.3389/fmars.2022.956461

sized not typical form with single axes (Jereb and Roper, 2010).
Hard structures such as gladius, statoliths, and beaks are
increasingly applied for stock discrimination of cephalopods
(e.g., Liu et al,, 2008; Fang et al., 2014; Fan et al., 2015) and show
greater promise than the mantle and other body organs (Zhu
et al, 2016; Wang et al., 2019). The gladius grows continuously
throughout the lifetime of the species. The morphological
characteristics and chemical composition of the gladius among
species are obviously different, which is an important basis for
the classification of cephalopods (Liu and Chen, 2010; Chen and
Qiu, 2014). Little attention has been paid to morphological
variations in gladius between different forms of the same
species; it still needs relative information for classification
(Gong et al., 2018).

Here, we used “form” to refer to different stocks of S.
oualaniensis, following Jereb and Roper (2010). We analyzed
the morphometric characteristics of the gladius of the middle-
sized form (with dorsal photophore) and dwarf without a dorsal
photophore form of S. oualaniensis and used multivariate
statistics to analyze the differences in morphometric
characteristics of the gladius between the two forms, with the
ultimate aim of acquiring novel insights into stock identification.
Specifically, we examined the following questions: 1) how
different are the gladius morphologic characteristics between
forms and sexes of S. oualaniensis? and 2) can gladius
morphologic characteristics be used to distinguish these forms
and/or sexes? These results will help put forward our
understanding of the structure of this species and also warrant
consideration of using the work as a framework to be applied in
other commercially exploited squid species.

Material and methods
Sample collection

S. oualaniensis was sampled at 20 stations in the SCS (9.80°
N-17.25°N, 110.25°E-115.02°E) by the Chinese lighting falling-
net vessel Gui Beiyu 61999, from May to June in 2017 and 2018
(Figure 1). Four hundred thirty-eight specimens were randomly
caught and collected and immediately frozen (-18°C) on board
for further laboratory analysis.

After being defrosted at room temperature in the laboratory,
S. oualaniensis was categorized into the dwarf without a dorsal
photophore and middle-sized forms based on the absence or
presence of the dorsal photophore and the apparatus’ length
(Zhu et al., 2016). The middle-sized forms were categorized into
the typical and not typical forms based on the double axes or
single axis of the gladius (Jereb and Roper, 2010). The dorsal
mantle lengths (ML) were measured to the nearest 1 mm and
body mass (BW) weighted to the nearest 1 g. Thereafter, a
subsample of 275 specimens (130 females, 145 males) were used
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FIGURE 1

for gladius morphology analysis, whereas the gladius of other
samples had been abandoned due to damage. The subsampled S.
oualaniensis were dissected, sexed, and assigned a maturity stage
on a macro scale following Lin (2015): I immature, II developing,
I physiologically maturing, IV-V physiologically mature, VI
functionally mature, VII spawning, and VIII spent.

Gladius morphometric measurement

The gladii of each subsampled S. oualaniensis were removed
and measurements made of the following morphometric
characteristics (Figure 2): total gladius length (GL), cone
length (CL), greatest width of the cone (GWC), proostracum
length (PL), length of the vane (VL), greatest width of the vane
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the South China Sea.

(GWYV), the length of greatest width of the proostracum
(GWPL), and greatest width of the proostracum (GWP). All
these characteristics were measured accurately to be 0.01 mm.

Statistical analysis

Each morphometric measurement of the gladius was
checked for normal distribution with the one-sample
Kolmogorov-Smirnoft test as well as for homogeneity of the
variances with the Levene’s test (Zar, 1999). One-way ANOVA
was used to test the difference between different forms. When
significant differences were achieved, a Tukey’s post-hoc test was
applied to determine where the differences occurred (Zar, 1999).
When either of normal distribution or homoscedasticity was not

e e Lateral plate
Rib

Proostracum

FIGURE 2

Scheme of gladius morphometric measurements for Sthenoteuthis oualaniensis. GL, total gladius length; CL, length of the cone; GWC, greatest
width of the cone; PL, proostracum length; VL, length of the vane; GWV, greatest width of the vane; GWPL, length of the greatest width of the

proostracum; GWP, greatest width of the proostracum.
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achieved, data were subjected to a Kruskal-Wallis non-
parametric one-way ANOVA test and a Games—Howell post-
hoc test was performed (Zar, 1999).

Non-metric multidimensional scaling (nMDS) analysis and
analysis of similarity (ANOSIM) employing the Bray-Curtis
dissimilarity measure were used to access the dissimilarities of
gladii between forms. This allowed for the potential
identification of individuals that belong to the dwarf form
without a dorsal photophore or middle-sized form.
Furthermore, a stepwise discriminant analysis was performed
to identify the gladius morphological characteristics that
significantly classified individuals from the dwarf without a
dorsal photophore and middle-sized forms (Rencher, 2002).
The leave-one-out cross-validation was used to determine the
rate of correct classification for different groups. Prior to nMDS,
ANOSIM, and stepwise discriminant analyses, each
morphometric measurement of the gladius was standardized
by dividing by mantle length to eliminate the possible effects of
allometric growth of animals, and then square root
transformation was performed to all the standardized gladius
morphometrics (Zar, 1999). The standardized morphometric
measurements are represented by a subscript “s”, i.e., GLg, CL;,
GWC,, PL,, VL, GWV,, GWPL,, and GWP..

Statistical analyses were obtained using OriginPro version
2015 (OriginLab Corporation 2015) and R version 3.5.0 (R Core
Team, 2018). In all statistical tests used, significant differences
were considered only when P < 0.05.

Results

The dwarf form without a dorsal photophore of S.
oualaniensis was 80-124-mm mantle length (ML, mean 88 +
6 mm) for females and 76-95 mm (mean 78 + 5 mm) for males.
Individuals of the middle-sized form were larger with mantle

10.3389/fmars.2022.956461

lengths of 132-173 mm (mean 135 + 15 mm) for females and
116-158 mm (mean 118 + 12 mm) for males.

Gladius morphology of dwarf
without a dorsal photophore
and middle-sized forms

The gladius of both dwarf and middle-sized forms had a pair
of double ribs at the edge of the medial plate of the proostracum
(Figure 2); it was reasonable to expect that the individuals of
middle-sized form were affiliated to the middle-sized typical
form. The total gladius length (GL) of the dwarf-form
individuals, however, was significantly shorter than that of the
middle-sized typical-form individuals (Kruskal-Wallis test, y° =
22441, P < 0.05) (Table 1). Similar findings were obtained with
the analyses of other morphological characteristics, namely, the
cone length (CL, Kruskal-Wallis test, y° = 199.45, P < 0.05),
greatest width of the cone (GWC, Kruskal-Wallis test, }(2 =
213.13, P < 0.05), proostracum length (PL, Kruskal-Wallis test,
;(2 = 223.17, P < 0.05), length of the vane (VL, Kruskal-Wallis
test, ZZ = 222.27, P < 0.05), greatest width of the vane (GWV,
Kruskal-Wallis test, ){2 =220.13, P < 0.05), the length of greatest
width of the proostracum (GWPL, Kruskal-Wallis test, ;{2 =
223.27, P < 0.05), and greatest width of the proostracum (GWP,
Kruskal-Wallis test, * = 225.07, P < 0.05). The gladius for
female individuals of dwarf form was consistently larger than
that for males, and there were significant differences in the
morphological characteristics of the gladius between males and
females, except for cone length (CL) (Table 1). Similarly, females
of the middle-sized typical form had a larger gladius than males.
Consequently, each gladius characteristic differed significantly
between females and males of the middle-sized typical form,
with females being consistently larger (Table 1).

Meanwhile, univariate statistics (ANOVA) showed that
standardized gladius morphometric characteristics were

TABLE 1 Measurements of gladius morphometric characteristics (mean + SD, mm) for dwarf without a dorsal photophore and middle-sized

typical form Sthenoteuthis oualaniensis in the South China Sea.

Terms Dwarf form without a dorsal photophore
Male Female
GWC 222 % 0.31* (1.46-3.27) 2.49 +0.28" (1.87-3.83)
GWV 327 + 0.28" (2.44-4.25) 3.70 + 0.38" (2.8-5.05)
GWP 3.83 £ 0.32° (3.18-4.97) 4.43 + 048" (3.36-5.58)
CL 1149 + 1.38" (8.38-15.73) 12.21 + 1.90° (7.96-20.08)
VL 57.25 + 3.02* (51.13-64.05) 62.3 + 4.66” (48.6-82.9)
GWPL 68.43 + 3.57* (60.8-77.25) 74.53 + 5.42° (58.79-99.79)
PL 72.29 + 3.83" (64.52-81.75) 78.85 + 5.66° (62.23-104.16)
GL 83.74 + 4.07* (76.53-94.71) 91.04 + 6.83 (71.52-124.28)

Middle-sized typical form

Male Female

4.92 +0.97% (2.88-8.15)

6.70 + 1.13¢ (4.45-11.63)

7.97 +1.20% (5.27-11.94)
2122 + 3.64° (13.71-30.96)
92.84 + 10.68° (73.37-138.61)
110.82 + 12.65¢ (87.95-165.28)
117.55 + 13.46% (91.91-175.17)
138.56 + 15.85¢ (105.74-203.93)

4.03 + 0.63° (2.34-5.54)
5.69 + 0.73° (3.33-7.79)
6.77 + 0.79° (4.07-8.98)
17.41 + 2.76° (10.76-24.63)
84.28 + 7.41° (63.97-105.4)
100.8 + 8.76 (75.53-127.89)
106.89 + 9.40° (79.68-134.14)
124.13 + 10.74° (91.74-158.13)

The range values presented in parenthesis under the mean + SD values. GWC, greatest width of the cone; GWV, greatest width of the vane; GWP, greatest width of the proostracum; CL,
cone length; VL, vane length; GWPL, the length of greatest width of the proostracum; PL, proostracum length; GL, gladius length. Different subscript letters within rows indicate significant

differences (P < 0.05).
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significantly different between the dwarf and middle-sized
typical forms (P <0.05), with the exception of GL/ML (P >
0.05). Within a single form, female and male individuals differed
in seven of nine standardized gladius morphometric
characteristics, dwarf (except GWC/ML, GWV/ML), and
middle-sized typical forms (except GWV/ML, GWP/ML).

Dissimilarity analysis of the gladius
between forms

In non-metric multidimensional scaling (nMDS) analysis,
ordination of all graphs with stress values equal to or below 0.1
was considered fair, which could reflect the actual distribution
characteristics (Figure 3). Regardless of sexes, nMDS analysis
revealed that most of the gladii of dwarf without a dorsal
photophore and middle-sized typical forms grouped together
separately (Figure 3A) and the dissimilarity between them was
significant, with an ANOSIM statistical R value of 0.24 (P =
0.001) (Table 2). For female and male individuals of both forms,
the gladii were distinctly separate, with the exception of male
dwarf and female middle-sized typical forms (Figures 3B-E).
The difference between females and/or males of both forms was
significant, and a higher dissimilarity value was obtained
between female dwarf and female middle-sized typical forms
(ANOSIM-R = 0.30) and between male dwarf and female
middle-sized typical forms (ANOSIM-R = 0.37) (Table 2).

Discriminant analysis of gladius
morphology between forms

Stepwise discriminant analyses indicated that the difference
in the gladius morphology between the dwarf without a dorsal
photophore and middle-sized typical forms could be explained
using four gladius morphometric characteristics, namely, GWC,,
GWV,, GWP,, and GL,. Accordingly, the accuracy of the
discriminant analyses was estimated to be 88.71% for the
middle-sized typical form, 95.36% for the dwarf form, and the
global accuracy and cross-validation accuracy were the same,
being 92.36% (Table 3).

With respect to sexes, stepwise discriminant analyses
revealed that individuals from female middle-sized typical
forms, male middle-sized typical forms, female dwarf forms,
and male dwarf forms could be successfully discriminated by five
gladius morphometric characteristics, namely, GWP,, PL,,
GWC,, GWV,, and GL,. The accuracy of discrimination
ranged from 58.18% to 74.44% for form and sex, respectively.
The global accuracy and cross-validation accuracy were 65.82%
and 63.64%, respectively.
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Discussion
Gladius morphology

Because the gladius of cephalopods has the function of
supporting its body, it grows continuously throughout the
lifetime of the species. The morphological characteristics of the
gladius among species are obviously different, which is an
important basis for the classification of cephalopods. Our
findings showed that the gladius had double axes at the edge
of the medial plate of the proostracum for both dwarf forms
without a dorsal photophore and middle-sized forms in the SCS.
For the middle-sized form, this observation was in agreement
with previous research that the feature of double axes on the
gladius was typical for the middle-sized form purpleback flying
squid (see Jereb and Roper, 2010). However, it was noteworthy
that the gladius morphology of the middle-sized form appeared
to vary with oceanic regions. For example, individuals of the
middle-sized form in the Indian and Pacific Oceans had double
axes on the gladius like those from the SCS, whereas the median
form animals from the Red and Arabian Seas had a single axis on
the gladius (Bizikov, 1995). The presence of double axes on the
gladius was typical for middle-sized S. oualaniensis, which was
the most abundant and widely distributed form within their
distribution range (Jereb and Roper, 2010). In contrast, the
middle-sized not typical forms with a single axis on the
gladius are narrowly distributed in the Red and Arabian Seas
and the Gulf of Aden (Jereb and Roper, 2010).

The gladius of middle-sized typical forms in the SCS was
relatively smaller than those from the Indian Ocean and Hawaiian
waters (Indian Ocean, Chen et al., 2007; Hawaiian water, Harman
et al, 1989). This may be related to smaller mantle size for the
animals in the SCS given that the gladius size was related closely to
animal size, which in turn may be attributed to food availability
(Seibel et al., 2000). Low primary productivity was well
documented for the SCS (Shen et al., 2008), which could lead to
slower growth rates and smaller body sizes, presumably owing to
their “live for today” life history strategy (Pecl and
Moltschaniwskyj, 2006). On the other hand, individuals of the
middle-sized typical form with larger sizes in the SCS have been
found migrating to areas such as the Taiwan waters (Tung et al,
1973), which would also be expected to lead to smaller middle-
sized typical form animals in the SCS. However, it is not possible to
confirm any hypothesis at present and further research is needed.

In contrast, little information appeared to be available on the
gladius morphology for the dwarf form of S. oualaniensis,
although an assumption of more than one type is expected
based on Bizikov (1995). We found that dwarf form individuals
without a dorsal photophore in the SCS had only one type of
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FIGURE 3
Non-metric multidimensional scaling (hnMDS) ordination of gladius morphometric characteristics for dwarf without a dorsal photophore and
middle-sized typical forms of Sthenoteuthis oualaniensis in the South China Sea. (A), NnMDS plots for the analysis between forms without
regarding sexes; (B) nMDS plots for the analysis between females of both forms; (C) nMDS plots for the analysis between males of both forms;
(D) nMDS plots for the analysis between female dwarf without a dorsal photophore and male middle-sized typical forms; (E) nMDS plots for the
analysis between male dwarf and female middle-sized typical forms.

gladius morphology, which has double axes. This finding was in
contrast to the assumption that the morphology of the gladius
was variable for individuals from different types of dwarf form
without a dorsal photophore (Zuyev et al., 2002). Thus, given
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that the gladius morphology is reflective of different forms
among purpleback flying squid (Jereb and Roper, 2010), it is
reasonable to expect only one type of dwarf form without a
dorsal photophore of purpleback flying squid in the SCS.
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Gladius morphological characteristics in
form identification

The size of the gladius of dwarf forms without a dorsal
photophore was significantly smaller than that of middle-sized
typical forms (Table 1). This could be associated with the
individual’s body size, as it is obvious that dwarf forms had a
smaller mantle length than middle-sized typical forms. Within
forms, furthermore, there was a significant difference among
sexes, in which the gladius of females was larger than that of
males (Table 1). This observation could be explained by the
sexual dimorphism (Snyder, 1998) as well as faster growth for
female individuals (Liu et al, 2016). Accordingly, the gladius
morphometric is confident to identify individuals between dwarf
and middle-sized typical forms, evidenced by the obvious groups
of the gladii of dwarf and middle-sized typical forms (Figure 3A).
Such evidence was further provided by the significant
dissimilarity detected in the gladius morphometric
characteristics between dwarf and middle-sized typical forms
(ANOSIM-R = 0.24, P = 0.001). In comparison with female and
male individuals, nMDS and ANOSIM analyses of gladius
morphometric characteristics further highlighted that dwarf
form individuals were distinguishable from middle-sized
typical form ones (Figures 3B-E; Table 2).

10.3389/fmars.2022.956461

Furthermore, the stepwise discriminate analyses revealed
that the gladius morphometric characteristics were ideal to
distinguish the dwarf and middle-sized typical form S.
oualaniensis in the SCS, in which the individuals from these
two forms can be accurately classified by four characteristics,
namely, GWC,, GWV,, GWP, and GL (Table 3). In comparison
with other methods such as body morphometric characteristics,
the accuracy of discrimination for these two forms is relatively
high, e.g., 93% in this study vs. 85% in Zhu et al. (2016) who used
body morphometric characteristics. In addition, Liu et al. (2015)
have reported that beak morphological characteristics achieved a
discriminant accuracy around 79% for classifying the
geographical forms of D. gigas. Therefore, using gladius
morphological characteristics to identify forms of S.
oualaniensis would be expected to achieve more accurate
results, probably also for other cephalopods.

Regarding the sexes, individuals of dwarf form were
successfully distinguished from middle-sized typical forms
using gladius morphometric characteristics. The difference
could be explained by five gladius morphometric
characteristics, namely, GWP,, PL,, GWC,;, GWV, and GL,,
even though the discrimination accuracy was relatively low
(Table 4). The low discrimination accuracy could be partly
attributed to the lack of dimorphism in gladius morphology

TABLE 2 Results of analysis of similarities (ANOSIM) for gladius morphometric characteristics of the dwarf without a dorsal photophore and
middle-sized typical forms Sthenoteuthis oualaniensis in the South China Sea.

Terms N
Pooled 275
Dwarf vs. middle-sized females 130
Dwarf vs. middle-sized males 145
Female dwarf vs. male middle-sized 116
Male dwarf vs. female middle-sized 159

R-value Significance
0.24 0.001
0.30 0.001
0.19 0.001
0.22 0.001
0.37 0.001

TABLE 3 The results of stepwise discriminant analyses for the gladius morphometric characteristics of the dwarf without a dorsal photophore
and middle-sized typical forms Sthenoteuthis oualaniensis in the South China Sea.

Stepwise discriminant analysis

Step Terms F to enter Wilks’ A df1 df2 P value
1 GWP, 323.44 0.46 1 273 <0.01
2 GWC, 23445 037 2 272 <0.01
3 GL, 185.42 033 3 271 <0.01
4 GWV, 149.62 031 4 270 <0.01

Accuracy estimation

Cross-validation (%)

Group Classification sample
Middle-sized Dwarf

Middle-sized 110 14

Dwarf 7 144

The abbreviation of morphometric characteristic as in Table 1.
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TABLE 4 The result of stepwise discriminant analyses for gladius morphometric characteristics of female and male dwarf without a dorsal
photophore and middle-sized typical forms Sthenoteuthis oualaniensis in the South China Sea.

Stepwise discriminant analysis

Step Terms F to enter Wilks’ A df1 df2 P value

1 GWPg 112.23 0.45 3 271 <0.01

2 PL; 67.89 0.33 6 540 <0.01

3 GWC 52.41 0.27 8 655 <0.01

4 GL, 42.03 0.24 12 709 <0.01

5 GWV, 34.94 0.23 15 737 <0.01

Accuracy estimation

Group Classification sample Cross-validation (%)
Female middle-sized Male middle-sized Female dwarf Male dwarf Original (%)

Female middle-sized 44 19 5 1 63.77 63.77

Male middle-sized 15 32 7 1 58.18 54.55

Female dwarf 1 2 38 20 62.30 59.02

Male dwarf 0 4 19 67 74.44 72.22

The abbreviation of morphometric characteristic as in Table 1.

between sexes within forms. This observation is very similar to
the findings based on beak and statolith morphometric
characteristics for other Ommastrephids. For example, it has
been reported that female and male Ommastrephes bartramii
can be somewhat separated using beak morphology, with a
discrimination value of around 56% (Fang et al., 2014). Similar
findings were found in the analyses using statolith morphology
and beak morphology for Illex argentinus (Fang et al., 2012).

In conclusion, the dwarf without a dorsal photophore and
middle-sized typical forms of S. oualaniensis in the SCS
exhibited double axes on the gladius. The size of the gladius of
dwarf forms was significantly smaller than that of middle-sized
typical forms. Individuals of dwarf form were obviously
identified from the middle-sized typical form using the gladius
morphometric characteristics, evidenced by the obviously
separate groups of gladii of these two forms. Significant
differences in the morphometric characteristics between dwarf
and middle-sized typical forms were confirmed by the significant
dissimilarity values calculated by ANOSIM analysis.
Furthermore, stepwise discriminant analyses revealed that
there was a high rate of discriminant accuracy for
distinguishing the dwarf and middle-sized typical forms using
gladius morphometric characteristics. Because the gladius is
easier to collect and measure, it is an ideal hard structure to
identify forms of S. oualaniensis. Although there are still few
studies using the gladius for stock/form identification in squids,
the successful distinction of dwarf and middle-sized typical
forms of S. oualaniensis here could warrant consideration of
the gladius morphology and its morphometric characteristics to
study the complicated population structure of squids.
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