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Abstract Bathydoris hodgsoni and Doris kerguelenen-
sis are two of the largest Antarctic nudibranchs. They are
both common circumpolar species with broad bathym-
etric distributions, although B. hodgsoni is restricted to
deep waters in the Antarctic high latitude. Egg masses
and juveniles of these species were collected over multi-
ple years (1998-2012) in the eastern Weddell Sea and the
South Shetland Islands, and here new data are provided
about egg mass characteristics and ontogeny using his-
tological techniques. The egg mass of B. hodgsoni has a
maximum length of 12.4 cm with one or two egg capsules
with a mean diameter of 4.9 cm. The capsules either con-
tained non-developing eggs or ready-to-hatch juveniles
up to 2.9 cm long. The egg mass of D. kerguelenensis is
a semicircular ribbon-like structure including 1,500-2,400
oval capsules (~1.7 x 1.2 mm) containing various stages
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of development up to ready-to-hatch juveniles 2.5 mm in
length. Based on their morphology and development in egg
masses maintained in the laboratory, the embryonic period
for B. hodgsoni is estimated to be up to 10 years, and for
D. kerguelenensis 13 months. Thus, B. hodgsoni has the
largest egg capsules and probably the largest hatchlings
of any mollusc. Chemical analyses of D. kerguelenensis
egg masses showed no trace of terpenoid acylglycerols,
although these compounds were present in field-collected
juveniles and adults. None of four sponges that likely serve
as food for D. kerguelenensis had the glycerides, or their
precursors, found in the nudibranch.

Introduction

Isolation of the Antarctic continent and the formation of
the Antarctic Circumpolar Current allowed benthic spe-
cies to co-evolve in habitats characterised by low and
relatively stable temperatures (Clarke 1992; Dayton et al.
1994; Clarke et al. 2004). Benthic fauna inhabiting the
cold waters of the Antarctic Ocean grow more slowly,
live longer, are often very large, and have a delayed age
of maturity relative to benthic species in warmer oce-
anic regions (Pearse et al. 1991; Clarke 2003; Peck et al.
2007; Moran and Woods 2012). Low temperatures and/
or differences in seasonal availability of organic matter
favour intracapsular development as a common strategy
among Antarctic species to protect early stages of their life
cycles (Wray and Raff 1991; Peck et al. 2006). Intracapsu-
lar development in invertebrates is a slow process, and in
molluscs, it takes even longer than, for example, in barna-
cles, echinoids, and teleost fishes (Palmer 1994; Peck et al.
2007). Intracapsular or direct developing molluscs usually
produce few, large eggs (Thompson 1967; Todd and Doyle
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1981; Hain and Arnaud 1992; Peck et al. 2007). There is
a positive correlation between egg size and time to hatch,
and an inverse correlation between these and the number of
eggs (Thompson 1967; Ros 1981). Accordingly, the Sub-
antarctic cephalaspidean snail Antarctophiline gibba (Het-
erobranchia; Chaban 2016) hatches after 120 d from eggs
up to 429 pm in diameter (Seager 1979), while Philine spp.
from warmer waters present shorter embryonic periods and
smaller eggs (Schaefer 1996). Usually, high-latitude Ant-
arctic heterobranch development takes longer. For instance,
late veliger larvae of the Antarctic Antarctophiline alata
hatched after 180 days (Hain and Arnaud 1992), and Bathy-
berthella antarctica (Pleurobranchomorpha) hatched after
100 days from eggs with a diameter up to 1.2 mm (Wigele
1996).

Among Antarctic nudibranchs, Bathydoris hodgsoni Eliot
(1907) is one of the largest nudibranchs in the world, with
eurybathic (i.e., 152-2,757 m depth) and circumpolar Ant-
arctic distributions (Valdés 2002). Only three egg masses of
B. hodgsoni have been found to date. They contained 2—4
oval, elongated, big, flat, egg capsules each, arranged in a
line (Wigele 1996). The whole and the largest egg mass
was 100 x 62 x 14 mm (length:width:height), and embryos
were 15 mm long after the egg mass was kept for 460 days
in the aquarium. Wigele (1996) suggested that this species
may have an embryonic period of at least 2.5 years. Simi-
larly, Doris kerguelenensis (Bergh 1884) is a very com-
mon, circumpolar species with a broad bathymetric distri-
bution, ranging from 1 to 1,550-m depth (Iken et al. 2002;
Wilson et al. 2013). It possesses spiral, flat, yellowish egg
masses (Gibson et al. 1970; Wigele 1989a). The few egg
masses analysed up to now measured 70-80 x 12-18 mm
(length:width) and contained about 1,280-2,380 egg cap-
sules. Late-in-development embryos of 2-4 mm were
described in the capsules of a single egg mass, leading Gib-
son et al. (1970) to suggest that D. kerguelenensis has direct
development. In fact, eggs of 500 um and advanced develop-
mental stages of 900 um were observed inside 1.2—1.9 mm
egg capsules of D. kerguelenensis (Wigele 1989a, 1996;
Hain and Arnaud 1992). Hain (1992) reported an embryonic
period in D. kerguelenensis of 21 months (1.75 years). After
that period, hatched juveniles measured 2 mm and survived
for 37 weeks without feeding in an aquarium. Overall, none
of these studies had sound evidence for either metamorphic
or ametamorphic intracapsular development in either spe-
cies so only non-planktonic, intracapsular development has
been reported to date.

Both nudibranchs have broad diets. Bathydoris hodg-
soni is a generalist predator feeding on a wide variety of
organisms, including foraminiferans, sponges, cnidarians,
bryozoans, polychaetes, molluscs, crustaceans, and echi-
noderms (Wigele 1989b; Avila et al. 2000). Doris ker-
guelenensis, on the other hand, is reported to feed on a
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wide variety of demosponges, including the genera Calyx,
Dendrilla, Halichondria, Haliclona, Homaxinella, Hyme-
niacidon, Isodictya, Lissodendoryx, Microxina, Polymastia,
Sphaerotylus, and Tetilla, as well as the hexactinellid gen-
era Anoxycalyx and Rossella (reviewed by McDonald and
Nybakken 1997).

Nudibranchs usually possess bioactive molecules to
ensure their survival against potential predators (Blunt et al.
2016 and previous reviews of the series; Avila et al. in press.).
These natural products may be de novo biosynthesized by
the slug or derived from its diet (Fontana 2006; Cimino and
Ghiselin 2009). In B. hodgsoni and D. kerguelenensis, the
de novo biosynthesis has been suggested for the compounds
with a terpene skeleton that protect the adults from sympat-
ric predators (Avila et al. 2000; Iken et al. 2002; Cutignano
et al. 2011). Hodgsonal, a sesquiterpene isolated exclusively
from the notum and dorsal papillae of B. hodgsoni (Iken et al.
1998), repels the sympatric sea star predator Odontaster vali-
dus (Avila et al. 2000). Doris kerguelenensis possesses a wide
variety of terpene acylglycerols in the notum (Gavagnin et al.
1995, 1999a, b, 2003a, b; Diyabalanage et al. 2010; Cutig-
nano et al. 2011; Maschek et al. 2012), some of which have
anti-predatory activity against O. validus (Iken et al. 2002).
The metabolites of D. kerguelenensis are synthesised through
diverse metabolic routes with a remarkable variability among
even individuals within a population (Cutignano et al. 2011),
thus indicating syntopic coexistence in the sense of Rivas
(1964). This, in combination with molecular phylogenetic
analyses, led Wilson et al. (2009, 2013) to suggest that this
species is, in fact, a species complex, with speciation driven
by predation. Notwithstanding chemical studies on adults of
both species have been performed, whether the egg masses
or the embryos of these two species are chemically protected
has never been studied before.

In this study, we aim to (1) describe the developmental
stages of the Antarctic intracapsular developers B. hodgsoni
and D. kerguelenensis, and provide new information about
their egg mass characteristics, embryos, and juveniles,
through histological methods; and (2) unravel the defensive
strategies in early stages of D. kerguelenensis by rearing
the embryos for several months and analysing the presence/
absence of their defensive chemicals at different ontoge-
netic stages. Finally, further information on the origin of
the compounds was gained by analysing the NPs in four
sponges that are the possible prey of D. kerguelenensis.

Materials and methods

Sample collection and rearing

Adults, juveniles, and egg masses of B. hodgsoni and D.
kerguelenensis were collected in the eastern Weddell Sea
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and King George Island using Agassiz and bottom trawls
during the ANT XV/3 (1998) and ANT XXI/2 (2003-2004)
cruises on board the RV Polarstern. Additional samples
of D. kerguelenensis were collected by SCUBA diving at
Livingston Island (South Shetland Islands), during the
ACTIQUIM-3 cruise on the BIO Las Palmas in 2012. They
were preserved in 4% formalin/seawater and subsequently
transferred into 70% EtOH for histological analysis. Dur-
ing the 2003-2004 cruise, four egg masses of D. kerguele-
nensis were maintained alive in aquaria and afterwards
reared in the laboratory until 2005 (see Online Resource 1).
The egg masses were kept separated in seawater tanks at
—2 °C, and water was changed every 2-3 days. Moreover,
four sponges, where we found D. kerguelenensis feeding,
were collected: the hexactinellid Rossella cf. fibulata dur-
ing ANTXXI/2 at 295-m depth, and the demosponges Hali-
clona sp., Dendrilla antarctica, and Mycale (Oxymycale)
acerata during the ACTIQUIM-3 cruise at 15-m depth.
Samples selected for chemical analysis were preserved at
—20 °C after collection, while those for histological analy-
sis were preserved in 10% formaldehyde/sea water.

Histological analysis

Samples of all developmental stages were dehydrated in
an alcohol series and subsequently embedded in HEMA
(Kulzer’s method, see Wigele 1997). Serial Sects. (2.5-um
thick) were stained with Toluidine blue, which specifically
stains acid mucopolysaccharides red to violet, and neutral
mucopolysaccharides and nucleic acids, as well as proteins
in various shades of blue.

Estimation of embryonic periods

To estimate the embryonic development time of the two
species, we applied the equation proposed by Thompson
and Jarman (1986) for heterobranchs, which considers egg
capsule size and water temperature, as follows:

P = (278 x 1078) x D775 x ¢4087/T

where P is the embryonic period in days, D is the egg cap-
sule diameter in um, and 7 is the absolute temperature in
Kelvins (273.5 K or 0 °C).

Chemical analyses

Egg masses and early developmental stages (including
eggs, embryos, and juveniles) of D. kerguelenensis were
extracted individually, while adults were first dissected
into mantle and viscera. After grinding in a mortar with
a pestle (thrice), the samples were immersed in acetone
and extracted by ultrasonic bath (~1 min). Extracts were
concentrated under vacuum, and the resulting aqueous

suspension was partitioned with diethyl ether (thrice).
Comparative TLC analysis of the lipid extracts was car-
ried out in light petroleum/diethyl ether (1:1). Purification
of the extracts was performed on a silica gel column using
an increasing gradient of diethyl ether in petroleum ether
as eluent. We followed the procedures of Cutignano et al.
(2011) for isolation and characterisation of the compounds.
All ether extracts and purified fractions were analysed by
LC-APCI/MS and/or NMR spectroscopy.

The four sponges collected as putative dietary sources
were also ground separately in a mortar with pestle and
extracted (thrice) with methanol after ultrasonic bath
(~5 min). The alcoholic extracts were evaporated in vacuo,
and the resulting aqueous suspensions were partitioned
into diethyl ether (thrice). Ether extracts were analysed on
SiO,-TLC with petroleum ether/diethyl ether (8:2, 1:1, 2:8)
by UV and cerium sulphate detection. This material was then
purified on silica by an eluent gradient of light petroleum
ether (LP)/diethyl ether (EE) (100% LP 9:1, 8:2, 7:3, 1:1,
2:8, 100% EE). Fractions were analysed by 'H-NMR and
LC-MS.

All NMR spectra were acquired in CDCl; (shifts were
referenced to the residual CHCl; signal at § 7.26) on a
Bruker DRX-600 operating at 600 MHz, using an inverse
TCI CryoProbe fitted with a gradient along the Z-axis. LC—
MS analyses were carried out under isocratic conditions
with n-hexane/2-propanol 97:3 for monoacyl- and 99.8:0.2
for diacyl-glycerides by a silica gel column (Phenomenex,
Kromasil Si 5 um, 100A, 250 x 4.6 mm, flow 1 ml min’l)
on Alliance HPLC system (Waters) coupled with a QTofmi-
cro (Waters) equipped with an APCI probe operating in
positive ionisation mode.

Results
Bathydoris hodgsoni egg masses and embryos
Material examined (Online Resource 1)

Four egg masses collected from the eastern Weddell Sea
during ANT XX1/2: two with a single egg capsule and non-
developed embryos, one with two egg capsules containing
hatchlings, and another with two empty egg capsules.

Egg mass (Fig. la)

Maximum size of 124 x 68 x 14 mm
(length:width:height). One or two egg capsules, elongated,
flat, large, yellowish, slightly iridescent; measuring

48.8 £ 3.6 x 44.6 £ 0.55 x 12.6 = 0.9 mm (mean £ SD;
length:width:height). Egg mass thick, membranous,
semi-transparent. A single egg capsule containing extra-
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embryonic, cream, crescent-shaped body within basal part,
shining through capsule wall. One late juvenile observed
inside each capsule.External morphology (Fig. 1b)

Late juveniles found inside egg capsules measured up to
29 x 18 mm (length:width); white-cream coloured; notum
thin, transparent; internal organs brownish. Rhinophores
developed. Six tiny gills surrounding anal papilla dorsally
in semicircle. Velar tentacles present. Papillae rugose,
white-transparent, conical, variable in size; covering dor-
sal notal surface and margins; some easily released upon
manipulation. Foot developed, whitish. Notum and foot
with reticulated pattern seen by transparency due to yolk
content and tissue involved (see below).

General anatomical and histological considerations
(Fig. 2a, b)

Epidermis consisting of specialised vacuolated -cells,
mucous cells containing granules of acid mucopolysac-
charides interspersed (Fig. 2a); better developed in anterior
and posterior body regions. Dorsal papillae containing cells
with large non-staining vacuoles; some completely filled
with yolk; containing muscles at base (possible autotomy
function) and in longitudinal direction, allowing contrac-
tion. Connective tissue and muscles in anterior part of body
less developed than posterior part. Visceral cavity filled
with yolk, containing many cells, representing embryonic
connective tissue cells. Oral tentacles filled with yolk. Rhi-
nophores filled with connective tissue and muscles; large
cells, with large non-staining vacuole at base. Notum wall
composed of few muscle fibres and interspersed connective
cells, but mainly filled with yolk; containing large dorsal
cells filled with numerous, tiny, blue-staining granules and

Fig. 1 Developmental stages
of Bathydoris hodgsoni. a Egg
mass with two egg capsules
containing late-developed
embryos; one capsule artifi-
cially opened. b Detailed view
of 29 mm-long, late-developed
embryo. ¢ Adult. ap anal
papilla, dp dorsal papillae,

gi gills, rh rhinophores
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a very large nucleus (Fig. 2b), sometimes leading outside,
probably representing excretory cells. Connective tissue
and muscles present around kidney and heart; much better
developed in right and posterior body regions. Foot gland
follicles developed.

Digestive system (Fig. 2c—e)

Digestive system generally well developed, completely
filled with lipid-rich yolk, homogeneously staining dark-
blue. Oral tube extremely short, labial disc lying in mouth
region. Oral glands few, not developed. Jaws present. Rad-
ula present, with several rows of teeth, and several teeth per
row. Pharynx surrounded by few, distinct muscles. Oesoph-
agus developed, highly folded, epithelium covered by thin
cuticle; some cells disintegrating, probably due to inad-
equate preservation. Stomach wide, folded, with columnar,
ciliated cells (Fig. 2c). Digestive gland incompletely devel-
oped, better developed in posterior part; large, composed of
large follicles, forming compact mass (Fig. 2d); cells filled
with huge vacuoles staining homogenously dark-blue,
similarly to yolk (Fig. 2e). Intestine forming a loop. Anal
papilla lying dorsally, internally folded, cells containing
long cilia.

Genital system

Undeveloped.

Nervous system

Cerebral, pleural, and pedal ganglia present. Velar and rhi-
nophoral nerves present, large neuronal nuclei containing
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heterochromatin surrounding central axis. Statocysts devel-
oped. Nerves within dorsal papillae present.

Circulatory and excretory systems (Fig. 2b, f~h)

Pericardium with muscular ventricle and thin, non-muscu-
lar auricle developed. A gland composed of numerous folli-
cular glands (as described in Wigele 1989c) present inside
of pericardium, but also occurring outside, very close to
auricle (Fig. 2g); differing from large excretory cells lying
under the epithelium (Fig. 2b). Kidney developed, forming
saccular to fold-like structure, lying on top of the digestive
gland; folds intermingled with digestive gland; cells small,
containing distinct nucleus and non-staining vacuole. Syr-
inx internally highly folded, with long cilia (Fig. 2f).

Doris kerguelenensis egg masses, embryos, and juveniles
Material examined (Online Resource 1)

Juveniles were classified as (1) early, artificially hatched
in the laboratory; (2) early, naturally hatched; and (3) late,
found in the sea, larger and more developed.

Egg masses (Figs. 3a—c, 4a)

Ribbon-like, surrounded by transparent membrane, partially-
closed circle; yellowish; measuring 115 £ 64 x 27 + 6 x 3.
5 £ 0.7 mm (mean £ SD; length:width:height); contain-
ing 1,500-2,400 egg capsules (25-28 eggs cm~2) (Fig. 3a).
Egg capsules measuring 1,740 £+ 684 x 1,222 + 395 pm
(mean + SD; length:width), capsule thickness 219 + 54 um;
yellowish; cuboid- or rhomboid-shaped (Fig. 3b, c). Egg cap-
sules containing spherical spaces (Fig. 4a) increasing in num-
ber and size throughout development; thinner when juveniles
hatch. Two- to eight-cell and morula stages visible inside egg
capsules (Fig. 3b). Subsequent stages not visible through egg
capsule.

Embryonic development (Figs. 3, 4)

Histological sections showed an advanced developmental
stage with a distinct shell, statocysts, and foot (Fig. 4a);
closely related to capsule elements (Fig. 4b). Visual obser-
vations of living material showed slight variations along the
egg mass; juveniles observed inside capsule (Fig. 3c).

External morphology of juveniles (Figs. 3d—g, 5a, b)

Early, artificially hatched, rounded juvenile filled with
lipids (Fig. 3d); moving actively inside egg capsule. Early,
hatching juveniles (36 individuals analysed) measuring
291 £ 0.33 x 1.93 £ 0.28 mm (length:width) on average,

some 4.7 mm long; crawling actively. Notum covered by
small, conical tubercles, which increased in size while cul-
tivated in aquarium; subepithelial spicules few, interspersed
(Fig. 3d, e). Rhinophores present, laminae scarce, less dis-
tinct than in late juveniles (Fig. 5a, b). Eyes visible through
transparent notum (Fig. 3d, e). Oral tentacles present. Foot
developed (Fig. 3f). Gills not developed in these stages, only
in late juveniles already hatched in the field (5 mm; Fig. 3g),
and collected inside the sponge Rossella cf. fibulata.

General anatomical and histological considerations
(Figs. 3d, 4c—f)

Organs and tissues less well developed in mid-section
compared with anterior and posterior regions (Fig. 4c, d).
Specialised vacuolated epithelium present. Glandular cells
containing huge vacuoles, with non-staining or light-blue
contents; ubiquitous in epithelium, densely concentrated in
notal rim and dorsal tubercles. Mucus glandular cells con-
taining acid mucopolysaccharides sparsely distributed in
epithelium. Connective tissue cells, muscle fibres, and spic-
ules present in connective tissue of notum wall; spicules
more abundant in late juveniles. Hemolymphatic cavity
distinct, above digestive system. Foot glands developed in
anterior and posterior regions of early, artificially hatched
juveniles; homogenously spread along foot in early, natu-
rally hatched and late juveniles. Yolk homogeneously in
structure, stained dark purple, mainly ventral, between
digestive tract and foot; voluminous, especially in middle
region of body (giving rounded appearance to early, arti-
ficially hatched juveniles; Figs. 3d, 4d); periphery of yolk
mass with cells containing yolk droplets, probably being
transported to other tissues (Fig. 4e, f); anterior and poste-
rior body regions containing more yolk droplets; yolk com-
pletely lacking in late juveniles.

Digestive system (Figs. 4c, d, 5e—h)

Oral tube developed (Fig. 4c); oral glands rather few in
number in early juveniles. Labial disc present. Jaws not
completely developed. Pharynx with cuticle lining. Odon-
tophore developed, muscle fibres present. Radular teeth
increasing in number and length throughout develop-
ment (Fig. Se, f). Salivary glands paired, increasing in size
throughout development. Oesophagus present (Fig. 4d).
Stomach not clearly delimited; undistinguished from whole
yolk mass. Digestive gland not distinguishable in early
juveniles; developed in late juveniles (Fig. 5g, h). Intes-
tine developed; running posteriorly and ending in the anus.
Anus posteroventral between posterior notum and foot in
early, artificially hatched juveniles (Fig. 3d); dorsal in
early, naturally hatched and late juveniles (Fig. 3e, f).
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«Fig. 2 Histological sections of Bathydoris hodgsoni recently hatched
juveniles. a Detail of epithelium of dorsal papillae, containing vacu-
olized epidermal cells and large, non-staining subepithelial gland
cells. b Large dorsal cells in dorsal tissue within large yolk mass. ¢
Detail of stomach containing yolk. d Digestive gland with yolk in
lumens of tubes. e Detail of digestive gland epithelium. f Cross sec-
tion through heart region; syrinx connects excretory and circulatory
systems. g Follicles of glandular cells lying in and close to the auri-
cle. h Transverse section of the posterior region of the body, showing
intestine close to dorsal gills. au auricle, ¢ cilia, dc dorsal cell, dgc
digestive gland cells, dgle digestive gland epithelium, dgl digestive
gland, ds dorsal septum, fgl follicular glands, gi gills, glc glandular
cells, int intestine, kid kidney, muc mucous glandular cells, n nucleus,
nu nucleolus, per pericardium, se stomach epithelium, sve specialized
vacuolated epithelium, syr syrinx, yo yolk, yog yolk granules

Reproductive system
Not developed in any of the juveniles analysed.
Nervous system (Fig. 5c, d)

Cerebral ganglia present. Rhinophoral nerve in central axis
less structured in early juveniles than in late juveniles. Eyes
containing lens and retina, cornea not well developed in
early juveniles (Fig. 5c, d). Pleural and pedal ganglia pre-
sent, with statocysts in between. Cortex clearly differenti-
ated from neuropile in the ganglia; cortical neurones with
large nucleus containing heterochromatin in early juve-
niles. Ganglia larger and cortex better differentiated from
neuropile in late juveniles.

Circulatory and excretory systems

Pericardium present. Auricle and ventricle undifferenti-
ated in early juveniles; clearly differentiated in late juve-
niles. Kidney and syrinx present. Nephroduct close to anal
papilla; ventral in early juveniles, dorsal in late juveniles.
Gills absent in early juveniles; present in late juveniles
(Fig. 3d-1).

Chemical analyses of D. kerguelenensis

The extracts of all sampled developmental stages of D. ker-
guelenensis were analysed by TLC, LC-MS, and NMR.
Extracts of whole egg ribbons immediately collected from
deep water in the eastern Weddell Sea (n = 2) and shal-
low waters at Livingston Island (n = 2) do not reveal the
detectable presence of terpenoid acylglycerols. Intracap-
sular ontogenetic stages of the three cultured egg masses
were extracted individually and compared by LC-MS with
known terpenoid acylglycerols, but there was no trace
of these products. On the other hand, TLC and LC-MS
(M-H,0 + H* at m/z 361 and 403, respectively) analysis
revealed the presence of mono-terpenoyl glycerols and

terpenoyl-acetyl glycerols in eight juveniles (<10 mm long)
collected in the field (eastern Weddell Sea). Extracts of the
analysed adults also contained terpenoid glycerols only
in mantle tissues: those from the Weddell Sea had mono-
acyl- and diacyl- terpene glycerides with a labda-8-en-15-
oyl skeleton (Cutignano et al. 2011), while specimens from
Livingston Island contained palmadorin C (Diyabalanage
et al. 2010). Finally, none of the four sponges analysed
showed the typical glycerides isolated from D. kerguelen-
ensis, or their precursors.

Discussion

Although inhabiting similar ecosystems, both Bathydoris
hodgsoni and Doris kerguelenensis differ considerably in
their reproductive strategies, egg capsule size and num-
ber. Egg capsules of B. hodgsoni are few (1-4), and larger
(52.4 x 45.2 x 13.5 mm; length:width:height) than in any
other mollusc taxon (Online Resource 2), containing the
largest embryos yet reported for any marine invertebrate.
On the other hand, D. kerguelenensis possesses ribbon-like
egg masses containing thousands of egg capsules (Gibson
et al. 1970; Wigele 1989a). We presented evidence of intra-
capsular development in the two nudibranchs studied (Type
1; Hain and Arnaud 1992), with crawling juveniles 29 and
3 mm in length after hatching for B. hodgsoni and D. ker-
guelenensis, respectively. Extra-embryonic yolk uptake
occurs either at embryonic or juvenile stages, thus allowing
the growth of such large embryos. Moreover, adults of B.
hodgsoni reach up to 200 mm in length and 472 g in mass
(see Fig. lc; Avila et al. 2000). However, an obligate cor-
relation of egg capsule size and adult size seems unlikely
since larger heterobranch species than B. hodgsoni, such as
some Aplysia spp. (up to several kgs in mass), have very
small egg capsules (<150 um; Ros 1981). In addition, D.
kerguelenensis reaches up to 160 mm length with a mass
of 172.5 g (Iken et al. 2002), while its egg capsules are far
smaller than those of B. hodgsoni.

According to our estimates, the two nudibranchs studied
here seem to have the longest embryonic periods known for
molluscs. We estimated an embryonic period of 3,577 days
(9.8 years) for B. hodgsoni, and 390 days (13 months) for
D. kerguelenensis, using the equation of Thompson and
Jarman (1986). These estimates are longer than the time
previously suggested for B. hodgsoni (2.5 years; Wigele
1996) and shorter than that described for D. kerguelenen-
sis (21 months; Hain 1989). If the estimates for B. hodg-
soni are correct, this species would have the longest life-
time of any heterobranch mollusc. The benefits for such
long embryonic periods are unknown. In fact, long devel-
opmental times may be a consequence of slow metabolism
in the cold, highly stable environments of the Southern
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Fig. 3 Developmental stages of Doris kerguelenensis. a General
view of egg mass. b Close-up of egg mass edge showing 4-cells
embryos. ¢ Detail of egg mass with early, ready-to-hatch juveniles
inside egg capsules. d Early, artificially hatched juvenile (2.5-mm
long) with rounded appearance, note absence of anus on the dorsal

Ocean, and this might also partially explain the gigantic
dimensions of this species (Moran and Woods 2012). The
equation to calculate this, however, was not formulated
for such large egg capsules (Thompson and Jarman 1986)
and, therefore, these estimations should be considered with
caution. Our data support the assumption, though, that B.
hodgsoni, like other Antarctic invertebrates (Pearse et al.
1991), is distinguished by great longevity, comparable to
the cephalopods Nautilus spp. (up to 20 years, Saunders
1984), bivalves such as Arctica islandica or Tridacna spp.
(up to 100 years; Ungvari et al. 2012), or heterobranch
eupulmonates such as Helix pomatia (up to 20 years; Ani-
mal Base Project Group 2016).

Extended intracapsular development requires large
amounts of yolk, and even their own capsules may provide
additional nutrition, as previously suggested for both spe-
cies (Wiagele 1989a, 1996). The capsule wall is formed by
packing the usually viscous albumen into a compact layer,
which provides greater structural integrity to the egg cap-
sule (Klussmann-Kolb and Wigele 2001). Here, our histo-
logical observations on D. kerguelenensis confirm former
results on the uptake of capsule elements (Wigele 1989a).
Hence, this species may consume the capsule during the
embryonic and advanced developmental stages. In this way,
juveniles of D. kerguelenensis have more food available
and can hatch more easily from the egg capsules, when the
walls are thinner. In the mid-section of early juveniles of D.
kerguelenensis, a large reservoir of yolk seems to be pre-
sent along the longitudinal axis, containing peripheral con-
nective cells that might uptake and transport yolk granules.

@ Springer

side. e Dorsal view of early, naturally hatched juveniles (3-mm long),
with dorsal anus. f Ventral view of early, naturally hatched juvenile. g
Late, well-developed juvenile (5-mm long) found inside hexactinellid
sponge Rossella cf. fibulata, gills present

The yolk is completely digested in later juveniles found in
the field, where the digestive gland is fully developed, and
the reproductive system begins to mature. In the two spe-
cies studied, some organs seem to develop first, which are
in more anterior or posterior regions. These are the central
nervous system and the anterior and posterior parts of the
digestive, excretory, and circulatory systems. We observed
delayed development at least in the rhinophores, eyes, rad-
ula, and digestive gland (Fig. 5). In the case of D. kerguele-
nensis, the anus is subventral in earlier post-embryonic
stages and later migrates to the dorsum, as suggested for
cryptobranch nudibranchs (Martynov 2011). However, this
still has to be shown for the genus Bathydoris.

Thorson’s rule states that there is a trend toward
increased egg size (with more yolk available for nutri-
tion) and non-planktonic development along gradients of
increasing latitude and water depth (Thorson 1936), but
there are many exceptions to this rule (Pearse et al. 1991;
Palmer 1994; Levin and Bridges 1995; Clarke 2008),
including some nudibranchs (Clark and Goetzfried 1978;
Ros 1981; Moles et al. 2016). Factors such as food avail-
ability or energy budgets may have a strong influence on
reproductive strategies. However, these factors might not
be a limitation for the two nudibranchs studied here, since
they have broad diets and most of their prey species are
long-lived (McDonald and Nybakken 1997; Avila et al.
2000; Iken et al. 2002). Survival of these species may not
be compromised by the limited dispersal of embryos, liv-
ing in a very stable environment with high predictability
and food availability. Since long developmental times for
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Fig. 4 Histological sections of Doris kerguelenensis: advanced
developmental stage and one early, artificially hatched juvenile. a
Advanced developmental stage inside egg capsule, note large spheri-
cal spaces in capsule and close contact with embryonic tissue with
and within walls spaces. b Detail of advanced developmental stage,
note capsule digestion and granule uptake. ¢ Transverse section of
the anterior region of an early juvenile. d Transverse section of mid-

embryos of both species increase exposure to predators
(Pearse et al. 1991; Wégele 1996), embryos of both spe-
cies might rely on the physical defence of such thick egg
capsules (2 mm in B. hodgsoni and 0.3 mm in D. kerguele-
nensis; Wigele 1989a, 1996).

In agreement with our previous investigations, we
found that the four diet sponges of D. kerguelenensis

20l

region of same early juvenile. e Detail of yolk cells uptake close to
the external epithelium. f Detail of yolk cells’ uptake close to foot
gland. c cilia, cag capsule granules, cap capsule, cas capsule spheres,
ct connective tissue, ep epithelium, fg/ foot gland, fo foot, hc hemo-
lymphatic cavity, is interstitial space, n nucleus, nm notal margin, oe
oesophagus, ot oral tube, sp spicule, st statocyst, yo yolk, yoc yolk
cells, yog yolk granules

evaluated lacked the defensive chemicals (and precur-
sors), as did all the egg masses and the embryos within
the eggs. However, small juveniles collected from a
sponge already had distinct traces of diacylglycerols. In
addition, recent phylogenetic analyses show a high preva-
lence of cryptic speciation in D. kerguelenensis, with
several lineages discovered to date (Wilson et al. 2009,

@ Springer
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«Fig. 5 Comparative histological sections of Doris kerguelenensis:
early, artificially hatched (2.5-mm long; a, c, e, g), and late, hatched
in the sea (5 mm-long; b, d, f, h), juveniles. a, b Rhinophore, note
the fewer number of lamellae in the smaller individual. ¢, d Eye, note
less developed lens and cornea. e, f Pharynx. g, h Detail of the diges-
tive gland with many yolk granules still present in a smaller individ-
ual, while absent in larger. cg cerebral ganglion, cor cornea, cut cuti-
cle, dgc digestive gland cells, Ac hemolymphatic cavity, lam laminae,
len lens, lum lumen, n nucleus, nm notal margin, od odontophore, oe
oesophagus, rad radula, ret retina, rn rhinophoral nerve, spi spicule,
yo yolk, yog yolk granules

2013). This might be behind the different array of com-
pounds found in the species (Cutignano et al. 2011), so
our conclusions are preliminary.

Unfortunately, we do not have any information about
B. hodgsoni juveniles after hatching, but 9.5 cm-long
individuals do contain defensive terpenes (Avila et al.
2000). The hodgsonal identified in these individuals was
found in similar concentrations to large adults (0.08%
dry weight in the mantle), and it has been suggested to be
biosynthetic in origin (Avila et al. 2000). This provides
good evidence that hatched juveniles of both species rely
on de novo biosynthesized compounds as a chemical
anti-predator strategy, as previously suggested for other
Antarctic nudibranchs (Moles et al. 2016).

Overall, we suggest that both nudibranchs compensate
for the low numbers of juveniles produced by reducing
mortality through a physical defence (very thick egg cap-
sules) during intracapsular development, and by a chemi-
cal defence as soon as the nudibranchs hatch. In conclu-
sion, the complementarity of developmental, defensive,
and trophic strategies becomes essential in the cold, sta-
ble, and seasonal environmental conditions of the South-
ern Ocean, and this might partly explain the evolutionary
success of both ubiquitous and abundant sea slug spe-
cies. More studies are needed in other species to establish
whether this is a general trend among Antarctic hetero-
branch molluscs.

Acknowledgements We thank Y. Grzymbowski, L. Nufiez-Pons, C.
Debenham, M. Lavaleye, M. Rauschert, U. Jacobs, K. Beyer, T. Brey,
W. Arntz, and the crew of the RV Polarstern for their help during sam-
pling and rearing of the nudibranchs. Thanks are due to J. Cristobo, J.
Vézquez, and the crew of BIO Las Palmas for their support while div-
ing at Livingston Is. Funding was provided by the Spanish Government
through the ECOQUIM (REN2003-00545, REN2002-12006E ANT,
CGL2004-03356/ANT), ACTIQUIM (CGL2007-65453, CTM2010-
17415/ANT), and DISTANTCOM (CTM2013-42667/ANT) projects.
J. Moles was supported by a PhD grant from the Spanish Government
(MEC; BES-2011-045325). This work is part of the AntEco (State of
the Antarctic Ecosystem) Scientific Research Programme.

Compliance with ethical standards

Funding This study was funded by the Spanish Government
through the ECOQUIM (REN2003-00545, REN2002-12006E ANT,

CGL2004-03356/ANT), ACTIQUIM (CGL2007-65453, CTM2010-
17415/ANT), and DISTANTCOM (CTM2013-42667/ANT) Projects.
J. Moles was supported by a PhD Grant of the Spanish Government
(MEC; BES-2011-045325).

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All applicable international, national, and/or insti-
tutional guidelines for the care and use of animals were followed.

Informed consent “Informed consent was obtained from all indi-
vidual participants included in the study.”

References

Animal Base Project Group (2016) 20052016 Animal Base. Early zoo-
logical literature online. World wide web electronic publication
http://www.animalbase.uni-goettingen.de. Accessed 01 Dec 2016

Avila C, Iken K, Fontana A, Cimino G (2000) Chemical ecology
of the Antarctic nudibranch Bathydoris hodgsoni Eliot, 1907:
defensive role and origin of its natural products. J Exp Mar Bio
Ecol 252:27-44

Avila C, Nufez-Pons L, Moles J (in press) From the tropics to the
poles: chemical defensive strategies in sea slugs (Mollusca:
Heterobranchia). In: Puglisi-Weening M, Becerro MA, Paul VI
(Eds) Chemical ecology: the ecological impacts of marine natu-
ral products. Taylor & Francis Group

Bergh R (1884) Report on the nudibranchiata. Chall Rep Zool
10:1-151

Blunt J, Copp BR, Keyzers R, Munro M, Prinsep M (2016) Marine
natural products. Nat Prod Rep 33:382-431. doi:10.1039/
C4NP00144C

Chaban EM (2016) New genus of opisthobranch molluscs Antarct-
ophiline gen. nov. (Cephalaspidea: Philinoidea) from the coop-
eration sea, Antarctica. Ruthenica 26:49

Cimino G, Ghiselin MT (2009) Chemical defense and the evolution of
opisthobranch gastropods. Proc Calif Acad Sci 60:175-422

Clark KB, Goetzfried A (1978) Zoogeographic influences on devel-
opment patterns of North Atlantic Ascoglossa and Nudibranchia,
with a discussion of factors affecting egg size and number. J
Molluscan Stud 44:283-294

Clarke A (1992) Is there a latitudinal diversity cline in the sea? Trends
Ecol Evol 7:286-287. doi:10.1016/0169-5347(92)90222-W

Clarke A (2003) Costs and consequences of evolutionary tempera-
ture adaptation. Trends Ecol Evol 18:573-581. doi:10.1016/j.
tree.2003.08.007

Clarke A (2008) Antarctic marine benthic diversity: patterns and pro-
cesses. J Exp Mar Bio Ecol 366:48-55

Clarke A, Aronson RB, Crame JA, Gili J-M, Blake DB (2004) Evo-
lution and diversity of the benthic fauna of the Southern Ocean
continental shelf. Antarct Sci 16:559-568

Cutignano A, Zhang W, Avila C, Cimino G, Fontana A (2011) Intra-
population variability in the terpene metabolism of the Antarctic
opisthobranch mollusc Austrodoris kerguelenensis. Eur J Org
Chem 2011:5383-5389. doi:10.1002/ejoc.201100552

Dayton PK, Mordida BJ, Bacon F (1994) Polar marine communities.
Am Zool 34:90-99

Diyabalanage T, Iken KB, McClintock JB, AmslerCD Baker BJ
(2010) Palmadorins A-C, diterpene glycerides from the Antarctic
nudibranch Austrodoris kerguelenensis. J Nat Prod 73:416-421.
doi:10.1021/np900617m

@ Springer


http://www.animalbase.uni-goettingen.de
http://dx.doi.org/10.1039/C4NP00144C
http://dx.doi.org/10.1039/C4NP00144C
http://dx.doi.org/10.1016/0169-5347(92)90222-W
http://dx.doi.org/10.1016/j.tree.2003.08.007
http://dx.doi.org/10.1016/j.tree.2003.08.007
http://dx.doi.org/10.1002/ejoc.201100552
http://dx.doi.org/10.1021/np900617m

114 Page 12 of 13

Mar Biol (2017) 164:114

Eliot C (1907) Mollusca IV Nudibranchiata. National Antarctic expe-
dition 1901-1904. Nat Hist 2:1-28

Fontana A (2006) Biogenetic proposals and biosynthetic studies on
secondary metabolites of marine molluscs. In: Cimino G, Gavag-
nin M (eds) Marine molecular biotechnology, series progress in
molecular and subcellular biology, vol. Molluscs. Springer, Hei-
delberg, pp 303-332

Gavagnin M, Trivellone E, Castelluccio F, Cimino G (1995) Glyceryl
ester of a new halimane diterpenoic acid from the skin of the
Antarctic nudibranch Austrodoris kerguelenensis. Tetrahedron
Lett 36:7319-7322

Gavagnin M, Castelluccio F, Cimino G (1999a) Austrodorin-A and
-B: first tricyclic diterpenoid 2’-monoglyceryl esters from an
Antarctic nudibranch. Tetrahedron Lett 40:8471-8475

Gavagnin M, De Napoli A, Cimino G, Iken K, Avila C, Garcia FJ
(1999b) Absolute configuration of diterpenoid diacylglycerols
from the Antarctic nudibranch Austrodoris kerguelenensis. Tet-
rahedron 10:2647-2650. doi:10.1016/S0957-4166(99)00273-6

Gavagnin M, Carbone M, Mollo E, Cimino G (2003a) Austrodoral
and austrodoric acid: nor-sesquiterpenes with a new carbon skel-
eton from the Antarctic nudibranch Austrodoris kerguelenensis.
Tetrahedron Lett 44:1495-1498

Gavagnin M, Carbone M, Mollo E, Cimino G (2003b) Further chemi-
cal studies on the Antarctic nudibranch Austrodoris kerguele-
nensis: new terpenoid acylglycerols and revision of the previ-
ous stereochemistry. Tetrahedron 59:5579-5583. doi:10.1016/
S0040-4020(03)00775-0

Gibson RAY, Thompson TE, Robilliard GA (1970) Structure of the
spawn of an Antarctic dorid nudibranch Austrodoris macmurden-
sis Odhner. Proc Malacol Soc London 39:221-226

Hain S (1989) Beitrige zur Biologie der beschalten Mollusken (KI.
Bremen University, Gastropoda and Bivalvia) des Weddell-
meeres, Antarktis

Hain S (1992) Maintenance and culture of living benthic molluscs
from high Antarctic shelf areas. Aquac Fish Manag 23:1-11

Hain S, Arnaud PM (1992) Notes on the reproduction of high-Antarc-
tic molluscs from the Weddell Sea. Polar Biol 12:303-312

Iken K, Avila C, Ciavatta ML, Fontana A, Cimino G (1998) Hodg-
sonal, a new drimane sesquiterpene from the mantle of the
Antarctic nudibranch Bathydoris hodgsoni. Tetrahedron Lett
39:5635-5638. doi:10.1016/S0040-4039(98)01095-8

Iken K, Avila C, Fontana A, Gavagnin M (2002) Chemical ecology
and origin of defensive compounds in the Antarctic nudibranch
Austrodoris kerguelenensis (Opisthobranchia: Gastropoda). Mar
Biol 141:101-109. doi:10.1007/s00227-002-0816-7

Klussmann-Kolb A, Wigele H (2001) On the fine structure of
opisthobranch egg masses (Mollusca, Gastropoda). Zool Anz
240:101-118

Levin LA, Bridges TS (1995) Pattern and diversity in reproduction
and development. In: McEdward L (ed) Ecology of marine inver-
tebrate larvae. CRC Press, Florida

Martynov AV (2011) From “Tree-Thinking” to “Cycle-Thinking””: ontoge-
netic systematics of nudibranch molluscs. Thalassas 27:193-224

Maschek JA, Mevers E, Diyabalanage T, Chen L, Ren Y, McClin-
tock JB, Amsler CD, Wu J, Baker BJ (2012) Palmadorin
chemodiversity from the Antarctic nudibranch Austrodoris
kerguelenensis and inhibition of Jak2/STATS5-dependent HEL
leukemia cells. Tetrahedron 68:9095-9104. doi:10.1016/j.
tet.2012.08.045

McDonald GR, Nybakken JW (1997) A list of the worldwide food
habits of nudibranchs. I. Introduction and the suborder Armin-
acea. Veliger 40:1-764

Moles J, Wigele H, Cutignano A, Fontana A, Avila C (2016) Dis-
tribution of granuloside in the Antarctic nudibranch Charcotia
granulosa (Gastropoda: Heterobranchia: Charcotiidae). Mar
Biol 163:1-11

@ Springer

Moran AL, Woods HA (2012) Why might they be giants?
Towards an understanding of polar gigantism. J Exp Biol
215:1995-2002

Palmer AR (1994) Temperature sensitivity, rate of development,
and time to maturity: geographic variation in laboratory-reared
Nucella and a cross-phyletic overview. In: Wilson WH (ed)
Reproduction and development of marine invertebrates. Johns
Hopkins University Press, Baltimore, pp 177-194

Pearse JS, McClintock JB, Bosch I (1991) Reproduction of Antarc-
tic benthic marine invertebrates: tempos, modes, and timing. Am
Zool 31:65-80

Peck LS, Clarke A, Chapman AL (2006) Metabolism and develop-
ment of pelagic larvae of Antarctic gastropods with mixed repro-
ductive strategies. Mar Ecol Prog Ser 318:213-220. doi:10.3354/
meps318213

Peck LS, Powell DK, Tyler PA (2007) Very slow development in
two Antarctic bivalve molluscs, the infaunal clam Laternula
elliptica and the scallop Adamussium colbecki. Mar Biol
150:1191-1197. doi:10.1007/300227-006-0428-8

Rivas LR (1964) A reinterpretation of the concepts “sympatric” and
“allopatric” with proposal of the additional terms “syntopic”
and “allotopic”. Syst Biol 13:42-43

Ros J (1981) Desarrollo y estrategias bionémicas en los Opisto-
branquios. Oecologia Aquat 5:147-183

Saunders WB (1984) Nautilus growth and longevity: evidence
from marked and recaptured animals. Science 224:990-992.
doi:10.1126/science.224.4652.990

Schaefer K (1996) Review of data on cephalaspid reproduction,
with special reference to the genus Haminaea (Gastropoda,
Opisthobranchia). Ophelia 45:17-37

Seager JR (1979) Reproductive biology of the Antarctic opisto-
branch Philine gibba Strebel. J Exp Mar Bio Ecol 41:51-74

Thompson TE (1967) Direct development in a nudibranch, Cadlina
laevis, with a discussion of developmental processes in
opisthobranchia. J] Mar Biol Assoc UK 47:1-22

Thompson TE, Jarman GM (1986) Factors bearing upon egg size
and embryonic period in opisthobranch molluscs. Bol Zool
Univ Sdo Paulo 10:9-18

Thorson G (1936) The larval development, growth, and metabolism
of arctic marine bottom invertebrates compared with those of
other seas. Medd Gronl 100:1-155

Todd CD, Doyle RW (1981) Reproductive strategies of marine ben-
thic invertebrates: a settlement-timing hypothesis. Mar Ecol
Prog Ser 4:75-83. doi:10.3354/meps004075

Ungvari Z, Csiszar A, Sosnowska D, Philipp EE, Campbell CM,
McQuary PR, Chow TT, Coelho M, Didier ES, Gelino S,
Holmbeck MA, Kim I, Levy E, Sonntag WE, Whitby PW,
Austad SN (2012) Testing predictions of the oxidative stress
hypothesis of aging using a novel invertebrate model of lon-
gevity: the giant clam (Tridacna derasa). J Gerontol A Biol Sci
Med Sci. doi:10.1093/gerona/gls 159

Valdés A (2002) Phylogenetic systematics of “Bathydoris” s.l.
Bergh, 1884 (Mollusca, Nudibranchia), with the description of
a new species from New Caledonian deep waters. Can J Zool
80:1084-1099. doi:10.1139/Z02-085

Wigele H (1989a) On the morphology and ultrastucture of some
egg-clutches of Antarctic nudibranchs (Gastropoda). Zool Anz
222:225-243

Wigele H (1989b) Diet of some Antarctic nudibranchs (Gastrop-
oda, Opisthobranchia, Nudibranchia). Mar Biol 100:439-441

Wiigele H (1989¢c) A revision of the Antarctic species of Bathy-
doris Bergh, 1884 and comparison with other known Bathy-
doris (Opisthobranchia, Nudibranchia). J Molluscan Stud
55:343-364

Wigele H (1996) On egg clutches of some Antarctic Opistho-
branchia. Molluscan Reprod Malacol Rev Suppl. 6:21-30


http://dx.doi.org/10.1016/S0957-4166(99)00273-6
http://dx.doi.org/10.1016/S0040-4020(03)00775-0
http://dx.doi.org/10.1016/S0040-4020(03)00775-0
http://dx.doi.org/10.1016/S0040-4039(98)01095-8
http://dx.doi.org/10.1007/s00227-002-0816-7
http://dx.doi.org/10.1016/j.tet.2012.08.045
http://dx.doi.org/10.1016/j.tet.2012.08.045
http://dx.doi.org/10.3354/meps318213
http://dx.doi.org/10.3354/meps318213
http://dx.doi.org/10.1007/s00227-006-0428-8
http://dx.doi.org/10.1126/science.224.4652.990
http://dx.doi.org/10.3354/meps004075
http://dx.doi.org/10.1093/gerona/gls159
http://dx.doi.org/10.1139/Z02-085

Mar Biol (2017) 164:114

Page 13 0f 13 114

Wigele H (1997) Histological investigation of some organs and
specialised cellular structures in Opisthobranchia (Gastropoda)
with the potential to yield phylogenetically significant charac-
ters. Zool Anz 236:119-131

Wilson NG, Schrodl M, Halanych KM (2009) Ocean barriers and
glaciation: evidence for explosive radiation of mitochondrial
lineages in the Antarctic sea slug Doris kerguelenensis (Mol-
lusca, Nudibranchia). Mol Ecol 18:965-984

Wilson NG, Maschek JA, Baker BJ (2013) A species flock driven
by predation? Secondary metabolites support diversification of
slugs in Antarctica. PLoS One 8:e80277. doi:10.1371/journal.
pone.0080277

Wray GA, Raff RA (1991) The evolution of developmental strat-
egy in marine invertebrates. Trends Ecol Evol 6:45-50.
doi:10.1016/0169-5347(91)90121-D

@ Springer


http://dx.doi.org/10.1371/journal.pone.0080277
http://dx.doi.org/10.1371/journal.pone.0080277
http://dx.doi.org/10.1016/0169-5347(91)90121-D

	Giant embryos and hatchlings of Antarctic nudibranchs (Mollusca: Gastropoda: Heterobranchia)
	Abstract 
	Introduction
	Materials and methods
	Sample collection and rearing
	Histological analysis
	Estimation of embryonic periods
	Chemical analyses

	Results
	Bathydoris hodgsoni egg masses and embryos
	Material examined (Online Resource 1)
	Egg mass (Fig. 1a)
	External morphology (Fig. 1b)
	General anatomical and histological considerations (Fig. 2a, b)
	Digestive system (Fig. 2c–e)
	Genital system
	Nervous system
	Circulatory and excretory systems (Fig. 2b, f–h)

	Doris kerguelenensis egg masses, embryos, and juveniles
	Material examined (Online Resource 1)
	Egg masses (Figs. 3a–c, 4a)
	Embryonic development (Figs. 3, 4)
	External morphology of juveniles (Figs. 3d–g, 5a, b)
	General anatomical and histological considerations (Figs. 3d, 4c–f)
	Digestive system (Figs. 4c, d, 5e–h)
	Reproductive system
	Nervous system (Fig. 5c, d)
	Circulatory and excretory systems

	Chemical analyses of D. kerguelenensis

	Discussion
	Acknowledgements 
	References




