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Beurteilung der phylogenetischen Beziehungen zwischen
Octopus vulgaris CuVIER, 1797 und O. mimus GouLb 1852
durch mitochondriale 16S rDNA
in Kombination mit morphologischen Merkmalen

Zusammenfassung

Von sieben Individuen verschiedener Octopus-vulgaris- bzw. 0.-mimus-Populationen und zwei weiteren Oktopoden (0. bimaculoides und
Scaeurgus unicirrhus) wurde ein ca. 500 Basenpaare langes Fragment des mitochondrialen 16S-rDNA-Gens sequenziert.

Die phylogenetische Auswertung der Sequenzen zeigte deutlich, dass es sich bei Octopus vulgaris und O. mimus um getrennte Arten handelt.
Damit werden friihere Ergebnisse aus Sequenzvergleichen des Gens fiir die mitochondriale Cytochromoxidase-Untereinheit [11 (mtCOIIl), der
RAPD sowie rezenter morphoplogischer Untersuchungen bestétigt. Die Ergebnisse der DNA-Sequenzvergleiche werden im Zusammenhang
mit den morphologischen Daten diskutiert und erweisen sich als hilfreich, da zwar sémtliche morphologischen Daten fiir getrennte Arten
sprechen, teilweise aber widerspriichlich und nicht klar definiert sind.

Abstract

Seven specimens from different populations of Octopus vulgaris and 0. mimus and two additional octopods (Octopus bimaculoides and
Scaeurgus unicirrhus) were investigated using the mitochondrial large subunit ribosomal RNA gene (mt16S rDNA) as a target sequence.

The results obtained through a phylogenetic analysis of partial mt16S rDNA sequences support the status of Octopus mimus as a species
distinct from 0. vulgaris and confirm the conclusions drawn from earlier investigations based on cytochrome oxidase subunit Il (mtCOIIl)
DNA sequence comparison and random amplified polymorphic DNA (RAPD) typing. The results are also discussed in the context of recent
morphological studies focusing on the taxonomic position of 0. mimus. Although most of the morphological characters so far used are poorly
defined with respect to the range of variability, the status of 0. mimus as a species distinct from 0. vulgaris is supported by all of these
characters.

*) Authors’ addresses: KERSTIN WARNKE: Center for Tropical Marine Ecology, Fahrenheitstrale 6, 28359 Bremen, Germany — Free University of Berlin,
Institute of Palaeontology, Malterserstrae 74-100, Haus D, 12249 Berlin, Germany; RAINER SOLLER, DIETMAR BLOHM: University of Bremen,
FB2-UFT, Department of Biotechnologie and Molecular Genetics, Leobener Stralle, 28359 Bremen, Germany; ULRICH SAINT-PAUL: Center for Tropi-
cal Marine Ecology, FahrenheitstraBe 6, 28359 Bremen, Germany.
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1. Introduction

The common octopus Octopus vulgaris is the benchmark
species in the genus. With hundreds of publications de-
voted to it, this species is better known than any other
octopus (HOCHBERG, 1997). However, ROPER et al. (1984)
remarked that the taxonomic parameters of O. vulgaris are
not precisely defined.

The Octopus working group members of CIAC (Cephalo-
pod International Advisory Council) realized, during their
1988 workshop, that a type of 0. vulgaris (Cuvier 1797) had
never been designated. Consequently they selected a
neotype from the Catalan Sea off Banyuls-sur-Mer (west-
ern Mediterranean) (MANGOLD & HOCHBERG, 1991). Al-
though MANGOLD (1997; 1998) gave short descriptions of
0. vulgaris, a detailed morphological study is not yet pub-
lished (HOCHBERG & MANGOLD, MS).

Likewise, the geographic details of the wide distribution
are not defined precisely. Voss (1977) stated that a de-
tailed study of O. wulgaris, using careful statistical ap-
proaches, would probably show that 0. vulgaris is a series
of closely related species or perhaps a world-wide serie-
s of subspecies. ROPER et al. (1984) questioned the distri-
bution of 0. vulgarisin the western Pacific. Foralongtime the
common octopus of the Chilean coast, once described as
0. mimus (GouLD, 1852), was listed as 0. vulgaris (OSORIO,
1979; GUERRA & FERNANDEZ, 1990; FAO, 1995). Only re-
cently 0. mimus has been recognized again as a valid spe-
cies (CORTEZ, 1995; GUERRA et al., 1999; GUERRA pers.
comm.; HOCHBERG pers. comm.). However, most of the
morphological differences between 0. vulgaris and 0. mimus
reported by CoRTEZ (1995) and GUERRA et al. (1999) are
poorly defined when compared to data from the literature
(see Discussion). Only one clear morphological feature
attributable to 0. mimusremained valid, namely the angular,
mosaic-like chromatophore pattern of live, undisturbed 0.
mimus, as described already by GouLDp (1852). The skin pat-
tern of adult 0. vulgarisis characterized by round and poly-
gonal patches (PACKARD & HOCHBERG, 1977). Unfortunate-
ly, in preserved material the pattern of 0. mimusis very diffi-
cult to recognize.

Recent studies using molecular methods aimed at the
identification of new features that may further support the
species status of Octopus mimus. A phylogenetic analysis of
DNA sequences from the mitochondrial cytochrome oxi-
dase subunit Il (mtCOIIl) (SOLLER et al., 1997; WARNKE,
1999a; SOLLER et al., 2000) based on a number of 0. vulgaris
and 0. mimus specimens supported the affiliation of 0. mi-
mus to a distinct species. Since these results were based
on a single gene, in the present study we used an additio-
nal gene, the mitochondrial ribosomal 16S DNA. This gene
was already used for phylogenetic analysis of cephalo-
pods by WRAY et al. (1995) and BOUCHER-RODONI et al.
(1996). The results of the present study are discussed also
in relation to morphological data.

2. Material and Methods

Tissue samples from the 0. vulgaris/mimus complex were
obtained in coastal areas of the Atlantic Ocean (northern
and southern Brazil) and the Pacific Ocean (Costa Rica
and northern Chile). O. wulgaris s.s. were collected in the
Mediterranean (coast of France). Two additional octopods
(0. bimaculoides and Scaeurgus unicirrhus) were sampled for
ingroup comparison or as outgroup representatives. Table
1 lists specific sampling localities for the specimens in
this study (for donors of tissue samples see Acknow-
ledgements). Whole specimens, or arm tissue, of various
sizes were preserved directly in 70 % (v/v) ethanol.

From each sample, up to 500 base pairs of mt16S rDNA
were amplified by PCR using universal primers 16Sar and
16Sbr (SIMON et al., 1991), sequenced and arranged in a
multiple sequences alignment assisted by secondary
structure (OKIMOTO et al., 1992; BONNAUD et al., 1994). The
putative phylogenetic relationships were calculated using
both the distance and character based analysis option of
the PAUP* program (Swofford, Smithsonian Institution,
Washington, D. C., USA) for the construction of phyloge-
netic trees (for details see WARNKE, 1999a).

3. Results

Both distance and character based analyses assign Oc-
topus vulgaris from the Mediterranean and western Atlantic
(except northern Brazil, see below) to a different cluster
than 0. mimus from Chile. Each cluster is well supported by
high bootstrap values, and the 0. vulgaris cluster (Bootstrap
100, Decay 9) by a very high decay index. The well descri-
bed species 0. bimaculoides from California clusters with 0.
mimus. As mentioned above, the 0. vulgaris cluster does not
include the northern Brazilian octopus. The latter clusters
with 0. mimus and 0. bimaculoides (see Text-Fig. 1).

The sequence divergence between Octopus mimus (Chile)
and O. vulgaris (Mediterranean) is 6.7 %. For comparison
the distance between 0. mimus and the well described 0.
bimaculoides from California is only 4.2 %.

Only minor genetic differences were found when com-
paring the sequences of specimens obtained from France
and southern Brazil (data not shown, details will be given
in WARNKE et al., in prep.). A low level of genetic variation
was also detected among the Octopus sp. sampled near
Costa Rica (Cocos Island) and 0. mimus from Chile.

4. Discussion

The mt16S rDNA nucleotide sequence appears useful in
attempts to answer phylogenetic questions at the species
level in octopods because only little homoplasy was de-
tectable between closely related Octopus species (see con-
sistency and retention indices, Text-Fig. 1).

Table 1.

List of specimens used in this study. Sampling regions, number of specimens sequenced and accession number of DNA sequences submitted to the

EMBL database.

Species Sampling Region No of specimens Acc. No.

Octopus vulgaris Banyuls, France, Mediterranean 2 AJ390310
Octopus cf. vulgaris Itajai, South Brazil, Atlantic 1 AJ390314
Octopus cf. vulgaris Recife, North Brazil, Atlantic 1 AJ390315
Octopus mimus Iquique, North Chile, Pacific 2 AJ390318
Octopussp. Isladel Cocos, CostaRica, Pacific 1 AJ390319
Octopus bimaculoides SantaBarbara, California, USA, Pacific 1 AJ390321
Scaeurgus unicirrhus Banyuls, France, Mediterranean 1 AJ390324
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Text-Fig. 1. . o
Maximum parsimony (MP) reconstructions Iquique (Northern Chile) 13
based on 37 parsimony-informative posi- Pacific | _E
tions of the alignment (exhaustive 98 | E
search). |
Step-length of “most parsimonious tree” = 3 | 2
98; consistency index = 0.857; retention in- Isla del Cocos (Costa Rica) | g.
dex = 0.741. Bootstrap values in percent- 78 Pacifi )
ages obtained from resampling of 500 acitic Jd e
Bootstrap replications are indicated above, 3 8
decay incjex below branc.h_es. The tree was
rooted with Scaeurgus unicirrhus. 89 Octopus sp.
4 Recife (Northern Brazil)
Atlantic
The assumption that Octopus .
mimus is a species distinct from O. Octopus bimaculoides
vulgaris is supported by a high nu- California (USA)
cleotide 16S rDNA divergence Pacific
(6.7 %) when compared with the 2
Mediterranean and  Atlantic Banyuls (France) 1 *
(southern Brazil) haplotype. The Mediterranean I >
range of divergence of mt16S 100 I 3
rDNA sequences is comparable to 9 |
interspecific distances from other ltajai (Southern Brazil) | 2
coleoids like the genus Loligo with Atlantic 1 g.
about 9.5 %, Sepia with 8.1 to et
13.8% and Nautilus with 5.5 % 3
(BOUCHER-RODON| et al., 1996) Scaeurgus unicirrhus
Other invertebrates, e.qg. Emerita or
g Banyuls (France)
Calanus exhibit the same range of Medit
interspecific divergence for this editerranean

portion of the mt16S rDNA: 3.9 to
17 %, (TAM et al., 1996) and 7.3 to 23.9 % (BUCKLIN et al.,
1992), respectively.

The phylogenetic relationships calculated from both
distance and character based analyses clearly showed
the separation between 0. mimus and 0. vulgaris in two dif-
ferent clusters. These results also match the conclusions
drawn from other molecular investigations based on
mtCOIlll (SOLLER et al., 1997; WARNKE, 1999a; SOLLER et al.,
2000), and RAPD typing (WARNKE et al., 2000). Moreover,
PEREZ-LOSADO et al. (2000) suggested, based on alloen-
zyme data, that 0. mimus and O. maya should be considered
as belonging to a different confamilial genus than 0. vul-
garis. Although 0. maya was not examined in the present
study the affiliation of 0. mimus and 0. vulgaris to different
genera seemed at least unlikely when compared to the re-
sults of our mtCOIll and 16S rDNA analysis (WARNKE,
1999a; SOLLER et al., 2000).

NEsIs (1998) stressed that the best approach to solve
taxonomy problems is to use as many taxa and characters
as possible and to check one methodology (e.g. molecular
phylogenetic analysis) by a different, independent method
(e.g. morphological based studies). The molecular phy-
logenetic results of the present analysis also match the
data from recent embryological (WARNKE, 1997; OLIVARIO
et al., 1998; WARNKE, 1999b) and morphological studies
(CoRTEZ, 1995; GUERRA et al., 1999) which also suggested
the existence of two distinct species.

Unfortunately, the embryological and morphological
data cited above revealed contradictory details under
closer scrutiny. In contrast to CorTEZz (1995) and OLIVARIO
et al. (1998) WARNKE (1997, 1999b) found no clear differ-
ences between the chromatophore patterns of hatchlings
observed in 0. mimus (Chile) and those described by Fio-
RONI (1965) and HOCHBERG et al. (1992) for O. vulgaris (Medi-
terranean) or the figure for hatching Stage XX given by
NAEF (1928). FIorRONI (1965) postulated, for O. vulgaris

hatchlings, a relatively high natural variability in chroma-
tophore patterns.

However, a clear difference was observed in the number
of outer gill lamellae per demibranch at the time of hatch-
ing: 5 for Octopus vulgaris (BOLETZKY, 1969) and 7 for 0. mimus
(WARNKE, 1997, 1999b).

In contrast, the number of gill lamellae of adult Octopus
vulgaris and 0. mimus, viewed as characteristic for these two
species by CoRTEZ (1995) and GUERRA et al. (1999), is an-
other example of controversial literature data. The number
of outer gill lamellae per demibranchis 7 to 8 for 0. mimusin
northern Chile, and 9 to 10/11 for O. vulgaris (CORTEZ, 1995;
GUERRA et al., 1999). Other authors indicated 8 to 10 for 0.
vulgaris from the Atlantic and the Mediterranean (ROBSON,
1929), 7 to 11 for O. vulgaris in the western Atlantic (PiCK-
FORD, 1945), 8 to 9 for O. vulgaris in the northwestern Medi-
terranean (BOLETzKY, 1969), 7 to 11 for O. wulgaris in the
southern Atlantic/Brazil (PALACIO, 1977; HAIMOvICI et al.,
1994), 9 to 11 for adult 0. vulgaris from the Mediterranean
MANGOLD (1998).

Further morphometric characters described in CORTEZ
(1995) and GUERRA et al. (1999) are difficult to use for the
determination of single specimens. The ranges of sucker
numbers on the hectocotylized arm between Octopus vulgaris
(140 to 180 suckers [MANGOLD, 1998]) and 0. mimus (129 to
149 suckers [CORTEZ, 1995; GUERRA et al., 1998]) overlap.
NORMAN (1992) divided the number of suckers in three ca-
tegories. His third category with high sucker numbers is
characterized by more than 130 suckers. Another example
of variability is the diameter of enlarged suckers. Whereas
GUERRA et al. (1999) indicated a diameter of 16.1 to
16.9 mm for 0. mimus and 18.2 to 21.1 mm for O. vulgaris,
CORTEZ (1995) stated for 0. mimus 14 to 19 mm and for 0.
vulgaris 18 to 29. WARNKE (1999a) found for 0. mimus a ma-
ximum of 23 mm and for 0. vulgaris 25 mm. BOLETZKY (pers.
comm.) measured a diameter of 27 to 30 mm in 0. vulgaris.
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GUERRA et al. (1999) confirmed the angular, mosaic-like
chromatophore pattern of undisturbed 0. mimus (GouLD
1852) and described faint paired ocelli at the base of the
second and third arm as characteristic for live 0. mimus.
But no ocellus could be found for 0. mimus by WARNKE
(1999a) (observation confirmed by HOCHBERG, pers.
comm.).

The present work shows that molecular data can be of
help to distinguish sibling species, in this case 0. vulgaris
and 0. mimus, when it is difficult to find distinctive morpho-
logical characters. The final species description must in-
clude further morphological data and more detailed com-
parative analyses of morphological characters.

In addition to these results, this study provides evid-
ence for the presence of Octopus mimus in the eastern trop-
ical Pacific. The octopuses from this region indeed show
nearly identical DNA-sequences with 0. mimus from
Chile.

The molecular data obtained in this study indicate the
presence of Octopus vulgaris in both the Mediterranean and
the western Atlantic. An additional molecular investiga-
tion is in preparation to clarify the distribution of 0. vulgaris
based on DNA sequence data. The redescription of 0. vul-
garis s.s. by HOCHBERG & MANGOLD (MS) and a detailed
comparative study of 0. wulgaris-like octopods worldwide
are urgently needed.

The distinction between Octopus vulgaris of southern Bra-
zil and the north Brazilian 0. vulgaris-like octopus, which is
possibly based on a molecular phylogenetic analysis,
suggests the existence of “cryptic” species within the
hitherto accepted species 0. vulgaris. Again, more detailed
comparative analyses of morphological characters com-
bined with an extended molecular genetic population sur-
vey are also needed to clarify the position of the northern
Brazilian Octopus.
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