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Abstract

Aeolidia papillosa (Linnaeus, 1761) is a well-known aeolidiid species that has been reported to have a worldwide
distribution in cold-temperate waters, mainly from the northern hemisphere. Molecular tools have recently
shown that most cosmopolitan species usually belong to a taxonomic species complex. Here we used integrative
taxonomy to test the range of distribution of A. papillosa, and to assess the existence of a putative species
complex that has been traditionally included as a single species under the name A. papillosa. Maximum-
likelihood and Bayesian analyses of partial DNA sequences of the mitochondrial cytochrome ¢ oxidase subunit I
and 16S rRNA genes, and the nuclear gene histone 3, were used to infer phylogenetic trees. Automatic Barcode
Gap Discovery (ABGD) species delimitation analyses and morphological study complemented the phylogenetic
approach. Our results show that A. papillosa is a cosmopolitan and an amphi-Atlantic species, being distributed
in the eastern and western Atlantic as well as in the eastern Pacific; however, some specimens from the UK and
the Netherlands, together with specimens from Portugal, Galicia, and France, as well as the Californian and
Oregon populations, emerge as two pseudocryptic species described herein: Aeolidia filomenae sp. nov. and
Aeolidia loui sp. nov., respectively. Finally, the specimens from Chilean coasts, previously attributed to
A. papillosa, belong to a different species, Aeolidia campbellii (Cunningham, 1871), that is a senior synonym of
Aeolidia serotina Bergh, 1873.
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these species, even if they were encountered again. A
major problem in dealing with the taxonomy of the
Aeolidiidae is the availability of ancient names that
provide confusing statements on type localities or
species names. With an incomplete description and a
suggested cosmopolitan distribution, Aeolidia papil-
losa (Linnaeus, 1761) is likely to represent an exem-
plary case of these issues.

Aeolidia Cuvier, 1798 is the type genus of Aeolidi-
idae, with only two or three species currently recog-
nized as valid (e.g. Schrodl, 2003; Gofas, 2014).
Aeolidia papillosa, the type species, and originally
described from the Norwegian Sea, can be regarded
as well known because it has been intensively stud-
ied over a long period of time (e.g. Hancock & Emble-
ton, 1845; Edmunds et al., 1974, 1976; Edmunds,
1983; Thompson & Brown, 1984; McFarland & Mul-
ler-Parker, 1993). Over the years, species from differ-
ent localities of temperate—cold waters have been
synonymized as A. papillosa: Doris bodoensis Gun-
nerus, 1770; Norwegian Sea; Doris papillosa Miller,
1776; North Sea; Doris vermigera Turton, 1807; Bri-
tish Isles; Eolis rosea Alder & Hancock, 1842; Eolis
obtusalis Alder & Hancock, 1842; British Isles; Aeolis
murrayana MacGillivray, 1843; Scotland; FEolis
papillosa Hancock & Embleton, 1845; British Isles;
Eolis plumata Dalyell, 1853; Scotland; Eolis fari-
nacea Gould in Stimpson, 1853; New England (USA),
and Aeolidia papillosa var. pacifica Bergh, 1879;
Alaska Peninsula (USA). As a consequence of all
these synonyms, different morphotypes and colour
patterns have been explained as great intraspecific
colour variability within this species. In addition, the

continuing controversy about the validity of Aeolidia
collaris Odhner, 1921; Aeolidia serotina Bergh, 1873,
and Aeolidia herculea Bergh, 1894 (Er. Marcus,
1959; Schrodl, 1996, 1997, 2003; Martynov & Kor-
shunova, 2011) has blurred the morphological char-
acteristics of A. papillosa and therefore the limits
among these species.

One of the most puzzling aspects of A. papillosa is
its disjunct geographical range. Presently, it is
accepted that its geographical distribution ranges
from Norway (type locality), Iceland (Platts, 1985),
and Greenland (Rosenberg, 2009) to California
(Er. Marcus, 1961b; McDonald, 1983), passing
through the Atlantic coast of the USA (Bleakney,
1996), Alaska (Dall, 1884), the Barents Sea (Russia)
(Martynov & Korshunova, 2011), and northern Japan
(Baba, 1935; Nakano, 2004; Debelius & Kuiter, 2007).
Furthermore, there are some records from the west
and east coasts of South America (Er. Marcus,
1959; Schrodl, 1996, 1997, 2003; Fig. 1). Develop-
ments in molecular biology, population genetics,
and phylogeographic methods have boosted research
on diversity and evolution in the marine environ-
ment. Molecular methods have highlighted the
presence of several cryptic species in Heterobranchia
(Carmona et al., 2014a,b; Cooke et al., 2014,
Espinoza, DuPont & Valdés, 2014; Padula et al.,
2014; Pola, Roldan & Padilla, 2014a; Shipman &
Gosliner, 2015; Wilson & Burghardt, 2015). There-
fore, the wide and discontinuous geographic range of
A. papillosa, as well as its variability in coloration,
suggests that we may be dealing with more than a
single species.
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Figure 1. Currently accepted geographical distribution of ‘Aeolidia papillosa’ (Platts, 1985; Schrodl, 1996, 1997, 2003;

Debelius & Kuiter, 2007; Rosenberg, 2009).
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In this paper, we attempt to clarify the taxonomic
status of different populations of A. papillosa based
on an integrative taxonomic approach. Specimens
collected from almost the complete range of distribu-
tion of the target species have been used, including
both hemispheres. Molecular data from two mito-
chondrial genes, cytochrome ¢ oxidase I (COI) and
16S ribosomal RNA (16S), and from one nuclear
gene, histone 3 (H3), were used in order to infer the
phylogenetic hypothesis. Additionally, Automatic
Barcode Gap Discovery (ABGD) species delimitation
analyses, and the study of morphological traits, such
as external morphology, radula, jaws, and the repro-
ductive system, have been examined to supplement
and compare against the molecular results.

MATERIAL AND METHODS
LITERATURE REVIEW

A comprehensive review of the literature was con-
ducted to determine the valid names for the species
recognized in the molecular and morphological analy-
ses. After the description of the type species, all
available names for Aeolidia species are organized
and discussed in this paper according to the year of
publication. In the synonymy lists, references to the
original description of the valid name and all syn-
onyms as well as the first proposed change of bino-
men are included, but subsequent references are not.

Nomenclatural acts

This published work and the nomenclatural acts it
contains have been registered in ZooBank, the online
registration system for the International Code of
Zoological Nomenclature (ICZN). The ZooBank Life
Science Identifiers (LSIDs) can be resolved and the
associated information viewed through any standard
web browser by appending the LSID to the prefix
(http://zoobank.org/). The LSID for this publication
is: LSID wurn:lsid:zoobank.org:pub:BC5635FF-D804-
4782-9B07-AB81F8FBCBO7.

MORPHOLOGY

Specimens were dissected by dorsal incision. The
internal features were examined and drawn under a
dissecting microscope with a camera lucida. Special
attention was paid to the morphology of the repro-
ductive system, and the oral and salivary glands.
The buccal mass was removed and dissolved in 10%
sodium hydroxide until the radula was isolated from
the surrounding tissue. The radula was then rinsed
in water, dried, and mounted for examination by
scanning electron microscopy (SEM).

Voucher specimens are held either at the Museo
Nacional de Ciencias Naturales, Madrid, Spain
(MNCN), California Academy of Sciences, San Fran-
cisco, USA (CASIZ), Zoologische Staatssammlung
Minchen, Munich, Germany (ZSM), and Zoological
Museum of Moscow State University, Moscow, Rus-
sia (ZMMU), being named in agreement with the
most recent classification of Aeolidiidae (Carmona
et al., 2013).

MOLECULAR WORK

Taxon sampling

Samples were obtained by collection from the inter-
tidal zone and by scuba-diving, and through the
study of museum collections. Fifty-seven specimens
of the ‘Aeolidia papillosa’ species complex (including
seven specimens of Aeolidia filomenae sp. nov., six
specimens of Aeolidia loui sp. nov, and 27 specimens
of the true A. papillosa) and 104 sequences from 36
different species obtained from GenBank (for the full
list of samples, localities, and voucher references, see
Table 1) that were used for phylogenetic inference.
Tritonia challengeriana Bergh, 1884 was chosen as a
distant out-group, whereas the remaining closely
related species were chosen based on the work of
Carmona et al. (2013).

DNA extraction, amplification, and sequencing
DNA was extracted from foot tissue of specimens
preserved in 70-100% ethanol, except in the cases of
small animals where the whole specimen was used.
The DNeasy Blood & Tissue Kit (09/2001; Qiagen,
Valencia, CA, USA) was used for DNA extraction.

Partial sequences of COI, 16S, and H3 were ampli-
fied by polymerase chain reaction (PCR) using the
primers: LCO1490 (5'-GGTCAACAAATCATAAAGAT
ATTGG-3') and HCO2198 (5'-TAAACTTCAGGGTG
ACCAAAAATCA-3) (Folmer et al., 1994), for COI;
16S ar-L (5'-CGCCTGTTTATCAAAAACAT-3') and
16S br-H (5-CCGGTCTGAACTCAGATCACGT-3)
(Palumbi et al., 1991), for 16S rRNA; and H3AD5'3’
(5'-ATGGCTCGTACCAAGCAGACVGC-3) and H3
BD53" (5'-ATATCCTTR GGCATRATRGTGAC-3')
(Colgan et al., 1998), for H3. These three gene
regions are commonly used in systematic studies of
heterobranchs (e.g. Eilertsen & Malaquias, 2013;
Ohnheiser & Malaquias, 2013; Ortigosa et al., 2014;
Pola et al., 2014a,b; Hallas & Gosliner, 2015; Ship-
man & Gosliner, 2015); however, several internal
primers for COI and H3 were designed for specimens
that did not amplify with the universal primers (see
Table 1 of Carmona et al., 2013).

Polymerase chain reactions (PCRs) were conducted
in 25ul reactions containing 1 pl of both forward and
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reverse primers (10 pM), 2.5 pl of ANTP (2 mM), a
gene-dependent quantity of magnesium chloride
(25 mM), 0.25 ul of Qiagen DNA polymerase
(5 units pl 1Y), 5 pl of ‘Q-solution’ (5x), 2.5 pl of Qia-
gen buffer (10x) (Qiagen Taq PCR Core Kit cat. no.
201225), and 2 pl of genomic DNA. Magnesium chlo-
ride volumes were: 3.5 pul for COI and 16S; and 2 pl
for H3. The amplification of COI was performed with
an initial denaturation for 5 min at 94°C, followed
by 35 cycles of 1 min at 94°C, 30 s at 44°C (anneal-
ing temperature), and 1 min at 72°C, with a final
extension of 7 min at 72°C. The 16S amplification
began with an initial denaturation for 5 min at 95°C,
followed by 35 cycles of 30 s at 94°C, 30 s at 44°C
(annealing temperature), 1 min at 72°C, with a final
extension of 7 min at 72°C. H3 amplification was
performed with an initial denaturation for 3 min at
95°C, followed by 40 cycles of 45 s at 94°C, 45 s at
50°C (annealing temperature), 2 min at 72°C, with a
final extension of 10 min at 72°C.

Successful PCRs were purified by mixing 5 ul
of PCR product with 2pl of ExoSAP-IT
(usb.affymetrix.com). Samples were incubated at
37°C for 15 min, followed by an inactivation step at
80°C for 15 min. Sequence reactions were run on a
3730XL DNA sequencer (Applied Biosystems). All
new sequences have been deposited in GenBank
(Table 1).

Sequence alignment and phylogenetic analyses

DNA sequences were assembled and edited using
GENEIOUS PRO 4.7.6 (Drummond et al., 2009). All
the sequences were checked for contamination with
BLAST (Altschul et al., 1990), implemented in the
GenBank database. MAFFT (Katoh, Asimenos &
Toh, 2009) was employed to align the sequences. The
alignments were further checked by eye using
MacClade 4.06 (Maddison & Maddison, 2005). Pro-
tein-coding sequences were translated into amino
acids for confirmation of alignment. Pairwise uncor-
rected p-distance values between each taxon were
calculated for the COI gene, using the cut-off values
from Carmona et al. (2013) as reference thresholds.
Saturation was visually inspected in MEGA 5.0
(Tamura et al., 2011) by plotting for all specimens
and the out-group the total number of pairwise dif-
ferences (transitions and transversions) against
uncorrected p-distances. For the COI and H3 genes,
saturation was further examined separately for the
first, second, and third codon positions.

The most variable regions from the 16S rRNA
alignment were removed using the default settings
in Gblocks (Talavera & Castresana, 2007). Excluding
‘indel-rich’ regions, the tree was generally poorly
resolved with lower node support. Therefore, final
analyses were performed including all bases.

Sequences of COI, 16S, and H3 were trimmed to
658, 446, and 327 base pairs, respectively.

Individual gene analyses and a concatenated
analysis were performed. The best-fitting models of
evolution for each gene and codon position were
determined using the Akaike information criterion
(Akaike, 1974), implemented in MrModeltest 2.3
(Nylander, 2004). The general time-reversible model
GTR + I + G was selected for the three genes.

Maximum-likelihood (ML) analyses were per-
formed using RAXML 7.0.4 (Stamatakis, Hoover &
Rougemont, 2008), and node support was assessed
with non-parametric bootstrapping (BS) with 5000
replicates, random starting trees, and parameters
estimated from each data set under the model
selected for the original data set. Bayesian inference
analyses (BI) were conducted using MrBayes 3.1.2b
(Ronquist & Huelsenbeck, 2003) for 10 million gener-
ations with two independent runs and a sampling
frequency of 1000. The models implemented were
those estimated with MrModeltest 2.3. The combined
data set was partitioned among genes and positions,
and the “unlink” command was used to allow all
parameters to vary independently within each
partition.

Convergence was diagnosed graphically by plotting
the likelihood against the number of generations
for each run using TRACER 1.4.1 (Drummond &
Rambaut, 2007). For each analysis the first 2500
trees were discarded (‘burn-in’ period) and node
support was assessed with posterior probabilities
(PPs). Only nodes supported by bootstrap values > 70
(Hillis & Bull, 1993) and posterior probabili-
ties > 0.95 were considered statistically significant
(Alfaro, Zoller & Lutzoni, 2003).

Species delimitation analyses

To define species, we used an integrative approach
including tree topologies, pairwise uncorrected p-dis-
tance, and ABGD, as well as the morphological and
anatomical data. Pairwise uncorrected p-distance
values between each taxon were calculated for the
COI gene using PAUP* 4.0b 10.0 (Swofford, 2002).
The ABGD method (Puillandre et al., 2012) was run
for COI and for all of the Aeolidia specimens
included in this study. The ABGD settings were as
follows: P, = 0.001, P, = 0.1, steps = 10, X = 1.0,
Nb bins = 20, and Jukes Cantor (JC69) and Kimura
(K80). In addition, the NeighborNet network (Bryant
& Moulton, 2004) was constructed using SplitsTree 4
(Huson & Bryant, 2006), and an unrooted statistical
parsimony network was generated for COI using
TCS 1.21 (Clement, Posada & Crandall, 2000) with a
95% connection limit. The resulting tree was con-
verted to graphics in FigTree 1.4.0, and final adjust-
ments were performed in Adobe Illustrator CS5.
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RESULTS
MOLECULAR RESULTS

The combined data set of three genes yielded a
sequence alignment of 1431 positions. We obtained
almost 100 new sequences: 22 for H3, 35 for COI,
and 38 for 16S. No saturation was observed across
genes and codon positions (not shown). The combined
tree provided better resolution than H3, COI, or 16S
separately (see the complete trees in Figure S1). The
COI gene better resolved the relationships at the
species and genus level, followed by 16S, whereas
H3 did not provide any resolution, including Spurilla
neapolitana (Delle Chiaje, 1841) and Facelina
annulicornis (Chamisso & Eysenhardt, 1821) among
the Aeolidia specimens. These results arise from
unlinked genes, as they can present different evolu-
tionary histories (Huelsenbeck, Bull & Cunningham,
1996; Maddison, 1997; Rokas et al., 2003). Many
studies that focused on Heterobranchia have shown
that combined analysis can provide better-resolved
trees (e.g. Malaquias & Reid, 2008; Carmona et al.,
2013; Camacho-Garcia et al., 2014; Oskars, Bouchet
& Malaquias, 2015), which is clearly the case in the
current study.

Although bootstrap values were lower than poste-
rior probabilities in larger clades, the topologies of
the ML trees were congruent with the results yielded
by Bayesian analysis, and thus the ML trees are not
shown. Figure 2 shows the Aeolidia phylogenetic
hypothesis based on the combined data set repre-
sented by BI (for the complete tree, see Figure S2).
Figure 2 also illustrates the results obtained from
different delimitation approaches used in this study.

The Aeolidia species included in this study clus-
tered together with maximum support (PP =1,
BS = 100). This clade splits into four subclades, but
the relationship among them remained unresolved.
The identity of the real A. papillosa was based
on the placement of the specimen closer to the
type locality, Norway. All the specimens of the real
A. papillosa clustered together (PP = 0.94, BS = 91),
regardless of whether they were from the Atlantic or
the Pacific oceans. Specimens from California and
Oregon (A. loui sp. nov.) constituted a clade with
high support (PP =1, BS = 97), as well as the two
specimens of A. campbellii included in this study
(PP =1, BS = 99). The last clade included the speci-
mens of A. filomenae sp. nov. from Portugal, north of
Spain, the Atlantic coast of France, Scotland, and
one specimen from the Netherlands (PP =1,
BS =94). The minimum genetic distance (uncor-
rected p-distance for COI) among the specimens of
these four clades ranged from 8.4 to 18.2%, support-
ing the existence of four different species.

The ABGD analyses revealed the existence of cryp-
tic diversity in the ‘Aeolidia papillosa’ species com-
plex. These analyses recovered the same four groups
as in the phylogenetic analyses, with p values rang-
ing from 0.005 to 0.06. The ABGD grouping results
were independent of the chosen model (Jukes Cantor
or Kimura). The NeighbourNet graph created by
SplitsTree (Fig. 3) depicts a low level of conflict
among Aeolidia species because of the lack of many
parallel edges of equal lengths. In addition, the Split-
sTree analysis supports the results obtained by the
tree reconstructions and the ABGD analyses.
Regarding true A. papillosa, 15 haplotypes were
identified among the 31 specimens sequenced for
COI. The haplotype network (Fig. 4) separated the
A. papillosa specimens into three groups: North
Atlantic plus Baltic Sea; Barents Sea; and Northeast
Pacific.

SYSTEMATICS

NUDIBRANCHIA BLAINVILLE, 1814
CLADOBRANCHIA WILLAN & MORTON, 1984
FAMILY AEOLIDIIDAE GRAY, 1827
GENUS AEoLIDIA CUVIER, 1798

Type species. Limax papillosa Linnaeus, 1761.
Diagnosis of the genus Aeolidia, according to

Cuvier (1798):

Qui ont le corps comme les tritonies; mais leurs organs de la

respiration sont des especes de feuilles ou d’écailles membra-

neuses, rangées comme des tuiles des deux cotés du dos.

The morphology of the Aeolidia body resembles
that of tritonids; however, the respiratory system is
similar to leaves or membranous scales, arranged
like tiles on both sides of the back.

Diagnosis of the genus Aeolidia according to

Thompson & Brown (1984):
Body depressed, broad; anterior foot angles acute; cerata lit-
tle flattened, arise in regular, numerous, close and transver-
sal rows; long and agile oral tentacles; rhinophores smooth,;
each radular tooth forms a smoothly curved arch bearing reg-
ularly graded denticles; smooth-edged jaws; anus cleioprotic;
penis unarmed.

AEOLIDIA PAPILLOSA (LINNAEUS, 1761)
(F1gs bA-F, 6A-H, 7A)

Limax papillosa Linnaeus, 1761: 508.
Doris bodoensis Gunnerus, 1770: 170, figs 11-16.
Doris papillosa Muller, 1776: 229.
Doris vermigera Turton, 1807: 133.
Eolidia papillosa Johnston, 1835: 376.
Eolis rosea Alder & Hancock, 1842: 34.
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Figure 2. Phylogenetic hypothesis for the genus Aeolidia based on the combined data set (H3 + COI + 16S) inferred by
Bayesian analysis (BI). Numbers above branches represent posterior probabilities from BI. Numbers below branches
represent bootstrap values from ML. The results from different species delimitation methods are also plotted. Abbrevia-
tions: A, ABGD, based on the COI data set, with both models (Jukes Cantor and Kimura); B, number of species based
on SplitsTree results; EA, eastern Atlantic Ocean; grey rectangle, Aeolidia papillosa; dashed rectangle, Aeolidia
loui sp. nov.; black rectangle, Aeolidia campbellii; pointed rectangle, Aeolidia filomenae sp. nov.
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Aeolidia papillosa

Aeolidia loui sp. nov
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Aeolidia campbellii

-
0.01

Figure 3. NeighbourNet graph of the COI sequences.

Eolis obtusalis Alder & Hancock, 1842: 34.

Aeolis murrayana MacGillivray, 1843: 70.

Eolis papillosa MacGillivray, 1843: 70.

Eolis plumata Dalyell, 1853: 300, plate XLIV,
figs 1-2.

Eolis farinacea Gould in Stimpson, 1853: 25.

Aeolidia papillosa var. pacifica Bergh, 1879: 75,
plate 1, figs 1-6.
Material examined. MNCN 15.05/65218, one
specimen, dissected, 10 mm in length preserved,
Sweden, Tjarno, ix.10, collected by Juan Lucas
Cervera Currado; MNCN 15.05/65219, one specimen,
dissected, 8 mm in length preserved, Sweden,
Tjarno, ix.10, collected by dJuan Lucas Cervera
Currado; MNCN 15.05/65211, one  specimen,
dissected, 40 mm in length preserved, Netherlands,
Eastern Scheld, iv.12, collected by Peter H. van
Bragt; MNCN 15.05/65210, one specimen, dissected,
40 mm in length preserved, USA, Alaska, Cook Inlet,
Katchemak Bay, v.12, collected by Katrin Iken;
MNCN 15.05/65209, one specimen, dissected, 23 mm
in length preserved, USA, Alaska, Cook Inlet,
Katchemak Bay, v.12, collected by Katrin Iken;
MNCN 15.05/65208, one specimen, dissected, up to
35 mm in length preserved, USA, Washington State,

: North and Baltic Sea

Gig Harbor, xii.10, collected by David Behrens;
MNCN 15.05/65207, one specimen, dissected, up to
30 mm in length preserved, USA, Washington State,
Gig Harbor, xii.10, collected by David Behrens;
CASIZ 182329, one specimen, dissected, USA,
Maine, viii.09, collected by Larry Harris;
CASIZ 187841, one specimen, dissected, 10 mm in
length preserved, USA, Massachusetts, x.11 collected
by Larry Harris; CASIZ 187760, one specimen,
dissected, 15 mm in length preserved, USA,
Massachusetts, xi.10, collected by Larry Harris.

Geographical  distribution. Amphiboreal species,
common along the Atlantic coasts of Europe and
North America. Aeolidia papillosa ranges from the
Norwegian shores to the Netherlands, and is also
known from all around the coasts of the British Isles
(Alder & Hancock, 1852; Thompson & Brown, 1984;
Picton & Morrow, 1994) and on the southern
coastlines of the Barents Sea (southern margin of
the Arctic Ocean) (Platts, 1985; Martynov &
Korshunova, 2011). This species is extremely
common on the West Atlantic coast of New England,
USA (Bleakney, 1996; Shine, 2012), and as far south
as North Carolina (Er. Marcus, 1961a). It also occurs

along the coast of the eastern Pacific, from
Washington (USA), through British Columbia,
Canada, wup to Alaska (ODonoghue, 1921;

MacFarland, 1966; McDonald, 1983; Behrens &
Hermosillo, 2005). Although it could not be verified
in this study, it is also reported from the Asiatic
coast of Sakhalina and the east cost of Hokkaido,
Japan (Baba, 1935; Nakano, 2004).

Type locality. Norwegian Sea, Eastern Atlantic.

Type material. To our knowledge no type material
remains in any of the primary Swedish museums or
institutions. Therefore, we designate the specimen
MNCN 15.05/65217 from Sweden, Tjarno, as the
neotype.

External morphology (Fig. 5A-F). The specimens
may reach up to 120 mm in length. The body is
broad and relatively low, narrowing to the posterior
end of the foot. The foot corners are tentaculiform.

Barents Sea

Figure 4. COI haplotype network for Aeolidia papillosa: red, Denmark; pink, Scotland; purple, Sweden; dark grey,
Russia; green, Washington; bright green, Alaska. Numbers indicate the haplotype frequency, when higher than one.
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Figure 5. Different morphotypes of Aeolidia papillosa: A, specimen from Sweden, Tjarno, photo by Marta Pola,
MNCN 15.05/65206; B, specimen from Russia, Barents Sea, Kandalakshsky Bay, photo by Alexander Martynov; C, spec-
imen from the Netherlands, Eastern Scheld, photo by Peter H. van Bragt, MNCN 15.05/65211; D, specimen from USA,
Massachusetts, photo by Larry Harris, CASIZ 187760; E, specimen from USA, Washington State, Gig Harbor, photo by
David Behrens, MNCN 15.05/65207; F, specimen from USA, Alaska, Cook Inlet, Katchemak Bay, photo by Katrin Iken,

MNCN 15.05/65212.

The background colour is extremely variable: from
light white-beige, through mustard brownish, to
reddish brown or dark brown (Fig. 5A-F). Flecks are
scattered all over the surface of the notum. These
flecks are slightly darker than the general colour,
varying in their intensity and density within a single
specimen. A white Y-shaped or triangular mark
extending from the oral tentacles to the pericardial
area between the rhinophores may be present
(Fig. 5B). The rhinophores are conical, blunt, and
smooth. They are a little bit darker than the general
body colour, lighter at the apices, with light flecks all
over their surface. The oral tentacles are
translucent, longer than the rhinophores, and
occasionally exhibit white tips.

The cerata are elongate and thin, never flattened,
with a uniform diameter for most of their length.
Those in the anterior region and near the posterior
end of the foot are smaller than those in the middle.
A bare zone from behind the rhinophores to the peri-
cardium is found. The cerata have a darker col-
oration than the rest of the body. The apex is white—
beige. The digestive gland is visible throughout the
body wall. The cerata are arranged in numerous and
densely packed rows (up to 25), making the indis-
tinct rows hardly recognizable. Each row contains
between eight and 12 cerata, decreasing in size
towards the posterior end of the foot. The cleioproctic
anus is located between the ninth and tenth row of
the right side. The gonopore is situated between the
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Figure 6. Scanning electron micrographs of the radula and masticatory edge of four Aeolidia papillosa specimens: A,
detailed view of the masticatory border of the specimen from Sweden (MNCN 15.05/65218), scale bar 250 pm; B,
detailed view of the masticatory border of the specimen from the Netherlands (MNCN 15.05/65211), scale bar 500 pm;
C, detailed view of the masticatory border of the specimen from Maine (CASIZ 182329), scale bar 3 um; D, detailed view
of the masticatory border of the specimen from Alaska (MNCN 15.05/65210), scale bar 1000 um; E, radular teeth of the
specimen from Sweden (MNCN 15.05/65218), scale bar 150 um; F, radular teeth of the specimen from the Netherlands
(MNCN 15.05/65211), scale bar 500 um; G, radular teeth of the specimen from Maine (CASIZ 182329), scale bar 10 um;
H, radular teeth of the specimen from Alaska (MNCN 15.05/65210), scale bar 500 pm.

sixth and eighth anterior rows of cerata on the right
side.

Internal anatomy (Figs 6A-H, 7A). The jaws are
strong and rounded, with a smooth masticatory edge
(Fig. 6A-D). The radular formulae are 18 x 0.1.0
(MNCN 15.05/65218, 10 mm,; CASIZ 182329),
24 x 0.1.0 (MNCN 15.05/65210, 40 mm), and
31 x 0.1.0 (MNCN 15.05/65211, 40 mm). The teeth

are progressively smaller towards the posterior
region of the radula and pectinate with 25-58
denticles (Fig 6E-H), which are relatively broad.
One of the specimens from Alaska has a minute
central cusp (Fig. 6H). Salivary glands were not
found. Oral glands are absent.

The reproductive system is diaulic (Fig. 7A). The
preampullary duct widens into the narrow and elon-
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gate ampulla. The ampulla bifurcates into the ovi-
duct and the vas deferens. The vas deferens is mod-
erately long and enters the wider proximal portion of
the penial sac. The penial papilla is devoid of any
armature. The pear-shaped receptaculum seminis
joins the oviduct and enters the female gland mass.
The vagina opens ventrally adjacent to the penis.
Remarks. Aeolidia papillosa was first described as
Limax papillosus (Linnaeus, 1761). Under the
variability of its colour pattern, a large number of
specific names, mostly from north-western Europe,
were erected. Many of these names are currently
considered as junior synonyms. In fact for specimens
of A. papillosa from the British coasts, Alder &
Hancock (1852) noted ‘that its variability, in form
and colour, has led to raise some fake species,
especially when these descriptions were based on
juveniles with a lower number of papillae’.

This species has been recorded from the north-wes-
tern Atlantic as well as from the north-eastern and
north-western Pacific (Fig. 1). Our study confirms
that specimens from the north-western Atlantic and
the north-eastern Pacific coasts attributed to A. pa-
pillosa belong to the same species as those from Swe-
den (close to the type locality). Therefore, we can
conclude that Eolis farinacea (first described in the
Gulf of Maine, north-west Atlantic) and A. papillosa
var. pacifica from Alaska (north-east Pacific) are two
junior synonyms of A. papillosa. Regarding the pres-
ence of this species in Japan (Baba, 1935; Nakano,
2004), further studies are needed in order to confirm
that the Japanese population is conspecific with
A. papillosa.

Finally, our specimens of A. papillosa agree with
the available descriptions of this species (e.g. Alder
& Hancock, 1852; Shine, 2012). The only difference
was the presence of salivary glands, as noted by
Bergh (1879); however, this disagreement could arise
from subjective misinterpretation, as these glands
are very faint and small, and therefore they are very
easy to miss during the dissecting process.

AEOLIDIA cAMPBELLIT (CUNNINGHAM, 1871)
(F1ics 7B, 8, 9A, B)

Eolis campbellii Cunningham, 1871: 484, pl. 58,
fig. 5.
Aeolidia serotina Bergh, 1873: 618. plate IX,

figs 14-17; plate X, figs 4-12.

Aeolidia campbellii (Cunningham, 1871): Carcelles
& Williamson, 1951: 318.

Aeolidia papillosa var. serotina Bergh, not Aeolidia
serotina Bergh, 1873; Er. Marcus, 1959: 81, figs 191-
196.

Material examined. ZSM 20020700, one specimen,
dissected, 25 mm in length preserved, Chile, Bahia

A B

Figure 7. Reproductive system: A, Aeolidia papillosa,
the Netherlands (MNCN 15.05/65211); B, Aeolidia camp-
bellii (ZSM 20041026, 20 mm), Chile; C, Aeolidia filom-
enae sp. nov., France; D, Aeolidia loui sp. nov.
(CASIZ 102425), California, USA. Scale bars: 2.0 mm.
Abbreviations: am, ampulla; fgm, female gland mass; ps,
penial sac; rs, receptaculum seminis; va, vagina; vd, vas
deferens.

Figure 8. Photograph of live specimen of Aeolidia camp-
bellii, taken by Michael Schrodl.

de Coliumo, Dichato, v.02, collected by Michael
Schrodl; ZSM 20041026, two specimens, dissected, 20
and 22 mm in length preserved, Chile, Region de
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Figure 9. Scanning electron micrographs. A, B, Aeolidia campbellii (ZSM 20041026, 20 mm); A, detailed view of the
masticatory border, scale bar 1000 um; B, radular teeth, scale bar 500 um. C, D, Aeolidia filomenae sp. nov. (MNCN
15.05/74470); C, detailed view of the masticatory border, scale bar 300 um; D, radular teeth, scale bar 200 um; E, F,
Aeolidia filomenae sp. nov. (MNCN 15.05/74475); E, detailed view of the masticatory border, scale bar 500 um; F,
radular teeth, scale bar 400 um; G, D, Aeolidia loui sp. nov. (CASIZ 182214); G, detailed view of the masticatory bor-

der, scale bar 10 um; H, radular teeth, scale bar 30 pm.

Magallanes y de la Antartida Chilena (Off Islas
Barnevelt), xi.94, collected by Michael Schrodl.

Type locality and habitat. Swallow Bay, north-east
of Tierra del Fuego (Chile) (Cunningham, 1871).
Found in hard substrates with algae and anemones
(Schrodl, 2009). This species feeds on Antholoba
achates (Drayton in Dana, 1846) (Cnidaria,
Actinaria) (Schrodl, 2009).

Type material. According to Cunningham (1871) it
was deposited in the British Museum, London. Our

research revealed that the type material probably
never arrived at the British Museum. The type
material of A. serotina Bergh, 1873 exists in the
Zoological Museum in Copenhagen (ZMUC Gas-2045
and ZMUC Gas-2046). As the older name
(A. campbellii), which takes precedence over
A. serotina (see remarks), lacks type material, we
designate the specimen ZSM 20020700 (Chile) as the
neotype, for its proximity to the type locality,
according to the ICZN (1999, article 75.3).
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Geographical distribution. So far, this species is
only present in South America, in the Falklands
Islands, and from the Argentinian and Chilean
Patagonia to Valparaiso (Schrodl, 2003; as
A. papillosa).

External morphology (Fig. 8). The body is broad and
relatively low, narrowing to the posterior end of the
foot. The background colour is highly variable; it
ranges from white or greyish to pale pink or pale
purple, transitioning to ochre or orange-brown.
White flecks are scattered all over the surface of the
notum. The rhinophores are conical, blunt, and
smooth. They are a darker shade of the body colour,
lighter on the apices, and exhibit light flecks all over
their surface. The oral tentacles are translucent,
longer than the rhinophores, and with white tips.

The cerata are flattened, broader at their base.

Those at the anterior region and near the posterior
end of the foot are smaller than those in the middle.
A bare zone from behind the rhinophores to the peri-
cardium is present. The cerata have the same colour
as the background. They are also covered by white
speckles and have white tips. The cerata are
arranged in numerous, densely packed and oblique
rows (up to 20). Each row contains up to 25 cerata
each, decreasing in size towards the posterior end of
the foot. The anus is cleioproctic and is situated
between the tenth and 11th rows of the right side.
The genital aperture is located between the seventh
and eighth row of cerata on the right side.
Internal anatomy (Figs 7B, 9A, B). The jaws have a
smooth masticatory edge (Fig. 9A). The radular
formula is 25 x 0.1.0 (ZSM 20041026, size 20 mm).
The radular teeth are progressively smaller towards
the posterior region of the radula and have 33-38
denticles (Fig. 9B). Salivary glands were not found.
Oral glands are absent.

The reproductive system is diaulic (Fig. 7B). The
preampullary duct widens into the narrow, elongate
ampulla. The ampulla divides into the oviduct and
the vas deferens. The vas deferens is quite long and
enters the wider proximal portion of the penial sac.
The penial papilla is devoid of any armature. The
pear-shaped receptaculum seminis joins the oviduct
and enters the female gland. The vagina opens ven-
trally to the penis.

Remarks. Eolis campbellii  was described Dby
Cunningham in 1871, 2 years before Aeolidia
serotina (Bergh, 1873). Cunningham (1871) erected
this new species based on a single specimen from
Swallow Bay, north-east of Tierra del Fuego (Chile).
Although the original description is quite brief, the
author described the coloration of the living animal
(as pale pink with chocolate brown spots) and also
provided a drawing of the specimen (Fig. 10). In
1873, when Bergh described A. serotina from

Figure 10. Original drawing of Aeolidia campbellii, from
Cunningham (1871).

Valparaiso (Chile), he did not compare that new
species with E. campbellii. In fact, the only reference
Bergh made to E. campbellii is in the catalogue of
the Aeolididae species (1884), where E. campbellii
(included as A. campbelli) appears with a question
mark. Since then, the latter species has passed
almost unnoticed. According to Er. Marcus (1959),
Cunningham’s specimen could not even be identified
to generic level, but plate VIII, figure 5, of
Cunningham’s publication is clearly similar to
Aeolidia. Schrodl (2003) regarded A. campbellii as a
junior synonym of A. papillosa, rendering the latter
species, together with A. collaris the only wvalid
Aeolidia species of South America. However,
figure 52 (p. 107) of that contribution depicts a pale
pink ‘Aeolidia papillosa’, which matches with the
original description of A. campbellii.

Since Bergh (1873), the validity of A. serotina has
been questioned. In fact, Bergh (1894) stated that
A. serotina was a junior synonym of A. papillosa and
soon thereafter resurrected it (Bergh, 1898). Addi-
tionally, Eliot (1907) attributed three specimens of
Aeolidia from the Falklands Islands to A. serotina,
whereas Er. Marcus (1959) considered A. serotina as
a variety of A. papillosa. Recently, Forcelli (2000)
identified four specimens from Patagonia and South-
ern Chile as A. serotina. Based on the great variabil-
ity in body coloration and ceratal shape, Schrodl
(2003) rejected the validity of A. serotina and attrib-
uted his Chilean material to A. papillosa. In addi-
tion, the author pointed out that two of the four
specimens illustrated by Forcelli (2000: in particular,
the specimens of the second and third photograph on
p- 130) may belong to a different species because the
cerata are cylindrical and translucent. Six years
later, Schrodl (2009) pointed out the necessity of a
molecular approach in order to clarify the identity of
the variable ‘Aeolidia papillosa’ from Chile. Some of
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Schrodl’s material (2003) could be studied here from
a molecular and morphological approach. The mor-
phology and anatomical features of the specimens
dissected in this study agree with those described by
Bergh (1873, 1894, 1898), Eliot (1907), Er. Marcus
(1959), and at the same time with the original
description of A. campbellii. Only specimens
illustrated by Forcelli (2000) in the second and third
photograph look different to ours in terms of external
coloration and ceratal shape, and therefore their
identity needs to be determined in further studies.
Additionally, Bergh (1873) described the presence of
salivary glands in A. campbellii (called A. serotina
by the author). Nevertheless, this mismatch could
have resulted from an accidental removal during
dissection. In conclusion, we can determine that
A. serotina is a junior synonym of A. campbellii
as, according to the ICZN (1999, article 23.9.2),
A. serotina cannot take precedence over A.
campbellii.

On the other hand, morphological and anatomical
differences between A. papillosa and A. campbellii
are difficult to find because of the great level of
variability found in both species. Most of the speci-
mens of A. campbellii present flattened and leaf-like
cerata, whereas in A. papillosa the cerata are usu-
ally cylindrical and are not flattened in cross sec-
tion. In accordance with Schrodl (2003), however,
Chilean and Magellanic specimens show some vari-
ation in terms of ceratal shape, and therefore this
difference between A. campbellii and A. papillosa
should be regarded with caution. Besides genetic
distance, some taxa are separated based on geo-
graphical differences (e.g. Johnson & Gosliner,
2012; Carmona et al., 2014c), which so far seem to
be the only consistent distinction between these two
species.

AEOLIDIA FILOMENAE SP. NOV.
LSID URN:LSID:ZOOBANK.ORG:ACT:F99139A8-04B3-
4F70-AA72-9F037C8FF05A
(F1ies 7C, 9C-F, 11A-C)

Aeolidia sp. A Carmona et al., 2013: 6.

Material examined. Holotype: MNCN (15.05/74475),
one specimen, dissected, 25 mm in length alive,
dissected, Spain, Galicia, A Coruna, Galicia Ribeira,
iii.11, collected by Jacinto Pérez Dieste. Paratype:
MNCN (15.05/74474), one specimen, dissected,
45 mm in length alive, the Netherlands, Eastern
Scheld, iv.12, collected by Peter H. van Bragt. Other
material: MNCN (15.05/74472), one specimen,
dissected, 25 mm in length alive, France, Cap
Ferret, v.09, collected by Marina Poddubetskaia;
MNCN (15.05/74470), one specimen, dissected, 6 mm
in length alive, France, Cap Ferret, v.09, collected by

Figure 11. Photographs of live Aeolidia filome-
nae sp. nov. specimens: A, specimen from the Nether-
lands, Eastern Scheld, photo by Peter H. van Bragt
(MNCN 15.05/74474); B, specimen from France, Arcachon
Bay, Cap Ferret, photo by Marina Poddubetskaia (MNCN
15.05/74471, 12 mm); C, specimen from Spain, Galicia,
Ribeira, photo by Jacinto Pérez Dieste (MNCN 15.05/
74475, 12 mm).

Marina Poddubetskaia; MNCN (15.05/74471), one
specimen, dissected, 12 mm in length alive, France,
Cap Ferret, v.09, collected by Marina Poddubetskaia;
CASIZ 187742, one specimen, dissected, 25 mm in
length alive, Spain, Galicia, A. Coruna, Galicia
Ribeira, iii.11, collected by dJacinto Pérez Dieste;
MNCN (15.05/74473), one specimen, dissected,
17 mm preserved, Portugal, Cosata da Arrabida,
Cabo Alfonso, v.12, collected by Goncalo Calado.

Type locality and habitat. Spain, Galicia, A. Coruna.
Found under Laminaria spp. in 6 m of water.
Geographical distribution. From Scotland (Picton &
Morrow, 1994; as A. papillosa; present study) to
southern Lisbon (Portugal; present study), including
the Netherlands (present study).

Etymology. This species is dedicated to Matilde
Filomena Loépez Gonzalez, born in Galicia (Spain)
and grandmother of the third author of this paper.
External morphology (Fig. 11A-C). The body is broad
and relatively low, with a pointed posterior end of the
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foot. The foot corners are tentaculiform. The
background colour is variable, ranging from white,
light beige, salmon colour to greenish. White or light-
brown flecks are scattered all over the body. A white
Y-shaped mark that runs from the oral tentacles to
the pericardial area, passing between the
rhinophores, may be present. This Y-shaped mark
can be very evident and intense opaque white, or less
noticeably beige or light brown. White or beige flecks
may partly cover the Y-shaped pattern. The
rhinophores are conical, blunt, and smooth. They are
translucent with white or light-brown spots. The eyes
are visible at the base of the rhinophores in lighter
specimens (Fig. 11B). The oral tentacles are elongate,
translucent, with opaque white or beige-brown flecks,
depending on the general colour. Some specimens
have white or beige tips, whereas the remaining
species have translucent tips.

The cerata are flattened, broader at their base,
and curved inwards. Those at the anterior region
and near the posterior end of the foot are smaller
than those in the middle. A bare zone from behind
the rhinophores to the pericardium is present. The
cerata have a lighter coloration than the rest of the
body. Their apexes are white. The white-beige diges-
tive gland is visible throughout the body wall. The
cerata are arranged in up to 16 oblique rows, with
each row including up to eight cerata. The anus is
cleioproctic, situated between the ninth and tenth
row of the right side. The gonopore is located
between the fourth and fifth anterior rows of cerata.
Internal anatomy (Figs 7C, 9C-F). The jaws are
more delicate than in A. papillosa, with a smooth
masticatory edge (Fig. 9C, E). The radular formulae
are 15 x 0.1.0 (MNCN 15.05/74470, 6 mm) and
16 x 0.1.0 (MNCN 15.05/74475, 25 mm). The teeth
are progressively smaller towards the posterior
region of the radula and pectinate with 25-31
denticles (Fig. 9D, F), which are relatively broad.
Salivary glands were not found. Oral glands are
absent.

The reproductive system is diaulic (Fig. 7C). The
preampullary duct widens into the narrow and elon-
gate ampulla. The ampulla bifurcates into the ovi-
duct and the vas deferens. The vas deferens is
extremely long and enters the wider proximal por-
tion of the penial sac. The penial papilla is devoid of
any armature. The pear-shaped receptaculum semi-
nis joins the oviduct and enters the female gland.
The vagina opens ventrally to the penis.

Remarks. Our study reveals that the specimens
from several localities from the Atlantic coast of
Europe, previously attributed to A. papillosa
(Carmona et al., 2013), belong to a different species.
The accepted variability in the colour pattern of the
former species masked the existence of a second and

pseudocryptic European species of this genus.
Anatomically, both species A. papillosa and
A. filomenae sp. nov. are very similar, but there are
several consistent differences. The jaws of
A. filomenae sp. nov. are more delicate than in
A. papillosa. In addition, the number of radular teeth
is significantly higher in A. papillosa: whereas
A. papillosa can have 31 teeth, A. filomenae sp. nov.
has a maxiumum of 16 teeth. Regarding the
reproductive  system, the vas deferens in
A. filomenae sp. nov. is much longer than the vas
deferens of A. papillosa. Also, some external
differences have been observed. The cerata of
A. filomenae sp. nov. are more flattened, slightly hook
shaped, and usually show a paler coloration than the
rest of the body, whereas the cerata in A. papillosa
are usually darker and more slender.

After a careful examination of all the available lit-
erature concerning A. papillosa, it was not possible
to identify our species amongst any of the specific
European names considered as synonyms of A. papil-
losa; however, considering the geographical range of
A. filomenae sp. nov., there are several names that
could match our species although their descriptions
are very poor, vague, or almost inexistent. These
names are:

?Doris spinis mollibus hirsute Baster, 1762: 81,
plate X.

?Eolis cuvierii Lamarck, 1819: 302.

Eolidia zetlantica Forbes & Goodsir, 1839: 647.

Aeolis lesliana MacGillivray, 1843: 70.

Aeolidia papillosa L., not A. papillosa (L., 1761):
Walton, 1908: 227.

Eolis papillosa var. albina Dautzenberg & Durou-
choux, 1913: 8.

Aeolidia papillosa L., not A. papillosa (L., 1761):
Ortea, 1980: 73.

Aeolidia papillosa L., not A. papillosa (L., 1761):
Picton & Morrow, 1994: 130.

Aeolidia  filomenae sp. nov. is sympatric to
A. papillosa in the Netherlands and the British Isles.

AEOLIDIA LOUI SP. NOV.
LSID URN:LSID:ZOOBANK.ORG:ACT: D79111EO-
0229-4C75-82DA-33C86AF49E5F
(F1gs 7D, 9G, H, 12A-E)

Aeolidia herculea, not A. herculea Bergh, 1894,
Smith & Gordon, 1948: 181.
Aeolidia papillosa, not A. papillosa (L., 1761);
Er. Marcus, 1961b: 54, plate 10, figs 193-195.
Aeolidia papillosa herculea, not A. herculea Bergh,
1894; MacFarland, 1966: 370, plate 72, figs 1-8.
Aeolidia sp. B: Carmona et al. (2013: 6).
Material examined. Holotype: CASIZ 182214, one
specimen, dissected, 30 mm in length preserved,
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Figure 12. Photographs of live Aeolidia loui sp. nov. specimens: A, holotype, specimen from USA, California, photo
by Terrence M. Gosliner (CASIZ 182214); B, specimen from USA, California, photo by Patricia Alvarez-Campos and
Greg Rouse; C, specimen from USA, Oregon, photo by Nancy Treneman; C, specimen from USA, California, photo by
Gary McDonald; E, detail of the rhinophores of the specimen from USA, California, photo by Dave Behrens.

USA, California, Marin Country, Duxbury Reef, i.10,
collected by Terrence M. Gosliner. Paratype:
CASIZ 102425, one specimen, dissected, 28 mm in
length preserved, USA, California, vii.76, collected
by T. Pennington and D. Thoney. Other material:
CASIZ 104504, one specimen, dissected, 20 mm in
length preserved, USA, California, v.05, collected by
Rebecca Johnson and Christine Piotrowski;
CASIZ 168044, one specimen, dissected, 20 mm in
length preserved, USA, California, iv.03, collected by
R. Ayres, C. Brown, M. Walton, and S. Lattanzio.
Type locality and habitat. USA, California, Marin
Country, Duxbury Reef. Found in intertidal area,
within tide pools and under the rocks.

Geographical distribution. To date, this species is
distributed from Cape Arago, Oregon, to San Diego,
California, USA.

Etymology. This species is dedicated to Lou
Timothée Ménélik von Graffenried Kienberger, first
nephew of the first author of this paper.

External morphology (Fig. 12A-E). The body is
broad and relatively low, narrowing to the posterior
end of the foot. The foot corners are tentaculiform.
The coloration is variable, ranging from translucent
white (Fig. 12A-C) to bright orange or brown
(Fig. 12D). Over the dorsum there are opaque white
marks that may be covered by light-ochre and brown
flecks, and/or spots. The white marks may form a
somewhat uniform patch that runs, like the Y-
shaped mark, from the head to the posterior end of
the foot. The rhinophores and oral tentacles present
the same colour as the body and light tips. The
rhinophores are conical, blunt, and covered by
irregular warts (Fig. 12E). The eyes are visible at
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the base of the rhinophores. The oral tentacles are
elongate and translucent, with opaque white
pigments.

The cerata are somewhat bristly, flattened, and

broader at their base, with pointed tips. Those at the
anterior region and near the posterior end of the foot
are smaller than those in the middle. There is a bare
zone from behind the rhinophores to the peri-
cardium. The cerata are translucent and have the
same coloration as the background colour of the
body. White pigment or spots cover both edges of the
cerata. This pigmentation may reach the proximal
two-thirds of the cerata. The ochre, greenish, or
brownish digestive gland is visible throughout the
body wall. The cerata are arranged in up to 24 rows,
and are extremely densely packed. Each row has
between four and 30 cerata, decreasing in size
towards the posterior end of the foot. Behind the
pericardium the cerata rows join across the back,
forming an arch that goes from one side of the body
to the other. The -cleioproctic anus is situated
between the ninth and tenth rows on the right side,
whereas the genital aperture is located between the
right fourth and fifth rows.
Internal anatomy (Fig. 7D, 9G-H). The jaws have a
smooth masticatory edge (Fig. 9G). The radular
formula is 16 x 0.1.0 (CASIZ 182214, 30 mm). The
teeth are progressively smaller towards the posterior
region of the radula and present 41-45 denticles
(Fig. 9H). Salivary glands were not found. Oral
glands are absent.

The reproductive system is diaulic (Fig. 7D). The
preampullary duct widens into the narrow, elongate,
and moderately short ampulla. The ampulla bifur-

@ Aeolidia papillosa
© Aeolidia filomenae sp. nov.
A Aeolidia loui sp. nov.

O Aeolidia campbellii

il

cates into the oviduct and the vas deferens. The vas
deferens is quite long and convoluted, entering the
wider proximal portion of the penial sac. The penial
papilla is devoid of any armature. The somewhat
rounded receptaculum seminis joins the oviduct and
enters the female gland. The vagina opens ventrally
to the penis.

Remarks. In the past, specimens of Aeolidia
collected from Californian shores were named
A. papillosa, A. herculea Bergh, 1894; or A. papillosa
herculea MacFarland, 1966; by several authors
(Smith & Gordon, 1948; Er. Marcus, 1961b;
MacFarland, 1966). Ernest Marcus (1961b)
attributed the Californian specimens of Aeolidia to
A. papillosa, describing them as pink with
occasionally red cerata. Additionally, their cerata
were flattened, broader at their base, leaving a free
space in the anterior region just over the heart.
Marcus (1961b) also illustrated the radular teeth of
these specimens. Some years later, specimens from
Monterey Bay and Waddel Creek Reef were
attributed to A. papillosa herculea by MacFarland
(1966). He provided detailed information about the
coloration of the living animal (dull rose or mauve)
and its radular teeth.

As the coloration, the ceratal shape, and the
morphology of the radular teeth of A. loui sp. nov.
match with the specimens found by Er. Marcus
(1961b) and MacFarland (1966), we concluded that
all are conspecific and belong to an undescribed
species.

Regarding A. herculea, this species is a deep-water
aeolid (Behrens, 2004). Therefore, all of the speci-
mens studied by the above authors, together with

et e e ——,

Figure 13. Distribution of Aeolidia papillosa, Aeolidia campbellii, Aeolidia filomenae sp. nov., and Aeolidia

loui sp. nov.
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those of Smith & Gordon (1948) and McDonald
(1983), cannot be attributed to A. herculea because
they were collected from shallow waters. Gosliner &
Behrens (1996) described A. farallonensis from mate-
rial collected at 1405-1491 m depth. This species is
currently considered as the junior synonym of A. her-
culea (Martynov & Korshunova, 2011). We consider
that A. herculea and A. loui sp. nov. are not the
same species, as our specimens reside in shallow
waters. Also, there are significant morphological
differences between these two species, especially in
the position of the anus: whereas A. herculea is
pleuroproctic, A. loui sp. nov. has a cleioproctic anus
situated between the ninth and tenth rows on the
right side.

The bristly cerata and the warty rhinophores of
A. loui sp. nov. easily distinguish it from the remain-
ing Aeolidia species. This is the first time that an
Aeolidia species is described with ‘papillate’ rhino-
phores. Moreover, it should be mentioned that this
ornamentation of the rhinophores is lost when the
specimens are preserved. This would explain why
Er. Marcus (1961b) and MacFarland (1966) depicted
A. loui sp. nov. rhinophores as smooth.

DISCUSSION

What has been traditionally known as a single spe-
cies, A. papillosa, has been shown to be part of a
species complex of four sibling species. Aeolidia
papillosa still has a wide geographical distribution
range. Besides being amphi-Atlantic, this species is
also present in the Pacific Ocean, along the coasts of
Alaska and Washington State. The wvalidity of
A. campbellii is here confirmed by both morphologi-
cal and molecular data. Thus far, this species, which
has been considered a junior synonym of A. papillosa
(Schrodl, 2003), is restricted to the Southern Hemi-
sphere from the coast of Chile and Argentina
(Fig. 13). Moreover, an additional pseudocryptic spe-
cies, A. filomenae sp. nov., overlaps in part of its
distribution with A. papillosa, where they are sym-
patric in the Netherlands and in Scotland. On the
other hand, so far A. papillosa does not appear to
overlap with the other north Pacific pseudocryptic
species A. loui sp. nov.; however, more specimens of
both species from the Pacific coast of Canada and the
states of Washington and Oregon are needed in order
to completely determine whether any overlap exists
between these two species.

Morphologically, these species are all rather simi-
lar, but the warty rather than smooth rhinophores of
A. loui sp. nov. are consistently distinctive for that
species. Upon revising the pertinent literature it
seems evident that several authors (e.g. Er. Marcus,
1961b; MacFarland, 1966) previously found this

species, but that it was always identified as A. papil-
losa. Although these warts are quite conspicuous in
living specimens (Fig. 12E), they are completely lost
after preservation (L. Carmona, pers. observ.). This
could be the reason why rhinophorial ornamentation
has not been observed over the years.

In order to complete and clarify the relationship
among all Aeolidia species, further studies, including
material of A. herculea and A. collaris, and more
specimens of A. campbellii, are needed.
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Figure S1. Molecular phylogeny inferred from partial sequences of the individual nuclear gene H3 (A), and
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analysis (BI).
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