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Dendrodoris arborescens is an ecologically important but poorly studied planktotrophic 
nudibranch species. By integrating artificial spawning, histology (Masson staining), light 
microscopy, and scanning-electron microscopy, the first systematic account of its 
reproductive biology and embryogenesis is provided in northern China. Adults are 
simultaneous hermaphrodites; reciprocal copulation results in paired, orange-yellow 
mucous egg ribbons. Within 9–10 days at 22–23 °C, embryos progress through cleavage, 
blastula, gastrula, intracapsular veliger, and planktonic veliger stages. Collagen-rich 
facial-disc larvae hatch with discernible rhinophore rudiments. SEM revealed distinct 
lipid droplet patterns in oocytes and a previously unreported incidence of polyspermy, as 
well as the birth of identical triplet larvae—both phenomena novel for Nudibranchia. 
These findings elucidate fundamental reproductive traits of planktotrophic nudibranchs 
and establish D. arborescens as a model for evolutionary-developmental studies of marine 
gastropods. 

1. INTRODUCTION 

The Dendrodoris arborescens (Collingwood, 1881) belongs 
to the phylum Mollusca, class Gastropoda, subclass Het
erobranchia, order Nudibranchia, family Dendrodorididae, 
and genus Dendrodoris.1 The species was initially discov
ered in the southern coast of China and is currently pri
marily distributed in East Asia and the tropical regions of 
Australia.2 This species is a type of benthic nudibranch that 
typically inhabits shallow marine areas, with a depth range 
of 0 to 10 meters. Within the genus Dendrodoris, there are 
currently 45 valid species.3 Distinct from other gastropods, 
the species of this genus lack a shell and do not possess a 
radula; instead, they utilize a round, ring-shaped mouth for 
feeding on sponges. Regarding reproductive systems, these 
species share the characteristic of “simultaneous hermaph
roditism” with other nudibranchs, functioning as both fe
males and males during the mating process.4 It is also no
table for its ability to secrete toxic substances from its 
head.5 

D. arborescens’ research mainly focuses on taxonomy. 
Taxonomic and phylogenetic investigations have employed 
larval morphology and DNA barcoding as key tools to dif

ferentiate D. arborescens from its congeners, such as D. ni
gra and D. fumata.6,7 Hirose et al. utilized DNA barcoding 
and larval characteristics to identify five species of Den
drodoris in Japan.8 Similarly, Lee and Bae explored the 
complete mitochondrial genome of D.krusensternii in South 
Korea.9 Data on its reproductive anatomy, spawning ecol
ogy, and complete embryonic sequence are limited. Previ
ous embryological studies on the genus Dendrodoris have 
been fragmentary and limited in scope. Hurst’s research 
provided brief records of the egg belt morphology and larval 
morphology of thirty Opisthobranchs,10 while Rose offered 
an incomplete study on the embryonic development of D. 
nigra.11 Additionally, Goddard investigated the embryonic 
development of D.nigromaculata, which exhibits a direct 
development pattern.12 

The present study therefore had three objectives: (1) to 
provide the first comprehensive description of reproductive 
behaviour and gametogenesis in D. arborescens, (2) to docu
ment the entire ontogenetic trajectory from fertilisation to 
the planktonic veliger stage using histological, light-micro
scopic, and scanning-electron techniques, and (3) to com
pare developmental timing and larval morphology among 
D. arborescens, D. fumata, and D. nigra under identical ther
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FIGURE 1. Sample collection site (A: collection site; B:        Dendrodoris arborescens )  

mal regimes. By integrating these datasets, we aim to clar
ify the developmental basis for shell loss in planktotrophic 
nudibranchs and to establish a robust framework for future 
comparative and experimental work on gastropod meta
morphosis. 

In the academic realm, nudibranchs (Nudibranchia) are 
often referred to as “reverse snails” due to their unique 
developmental trait of shedding their shells during meta
morphosis. Despite this distinctive characteristic, compre
hensive studies elucidating the complete embryonic de
velopment process of planktotrophic Nudibranchia species 
remain conspicuously absent. Consequently, investigating 
the reproductive mechanisms, embryonic development, 
and larval morphological characteristics of D. arborescens 
holds significant importance. It not only fills the existing 
research gap but also lays a foundational groundwork for 
future breeding efforts and investigations into the under
lying mechanisms governing the shell-shedding phenome
non during their developmental process. 

2. MATERIALS AND METHODS 

2.1. SAMPLE ACQUISITION 

In December 2023, all samples were exclusively collected 
from Dalian, Liaoning Province (38°52.2′N, 121°33.4′E) 
(Fig. 1). A total of 20 individuals were captured for breeding 
and embryological studies. After collection, the specimens 
were transported to the Key Laboratory of Mariculture and 
Stock Enhancement in North China Sea, Ministry of Agri
culture and Rural Affairs, where four individuals of uniform 
size (length 4 cm) were selected for rearing in glass aquar
iums (volume: 36liters, length 40cm, width 30cm, height 
30cm). Environmental conditions were carefully controlled 
to simulate natural habitats, with water temperature main
tained at 22–25°C and salinity at 33‰. Water quality was 
managed by replacing half of the water daily, with new wa
ter pre-aerated. The diet consisted of Ulva lactuca. 

Following spawning, the embryonic development and 
growth within each batch of egg sacs were monitored at 
30-minute intervals. The developmental stages and mor
phological characteristics were examined using an optical 
microscope (LEICA DM4B), and detailed photographic doc
umentation was obtained. The duration of each develop
mental stage was meticulously recorded, and changes in 
the embryos during each period were carefully observed. 

2.2. OPTICAL MICROSCOPE OBSERVATION 

Due to the variability in egg-laying times among individ
uals, each egg band was divided into three equal portions 
and transferred to small temperature-controlled aquariums 
(volume: 1.6 L; dimensions: 129 mm × 114 mm × 205 mm) 
for incubation. Embryonic development and growth were 
monitored every 30 minutes within the same batch of egg 
sacs. Developmental stages and morphological character
istics were observed using an optical microscope (LEICA 
DM4B), with detailed photographs and records maintained. 
The timing of each developmental stage was meticulously 
documented, and changes in embryos during each develop
mental period were observed. 

Following larval hatching, a pipette was used to gently 
agitate the water surface to prevent larvae from adhering 
to the water film due to the hydrophobic properties of their 
cup-shaped shells. The size and morphological changes of 
30 larvae at each developmental stage were recorded. 

2.3. SCANNING ELECTRON MICROSCOPY OBSERVATION 
(SEM) 

When collecting and fixing samples, the egg sacs were care
fully opened to avoid mechanical damage and pressure, 
thereby minimizing tension and abrasion. The sampling 
time was kept within 1 minute. After removing the sample, 
it was gently washed with PBS to remove surface impurities, 
and the surfaces to be scanned were marked. The sample 
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was then quickly placed in the electron microscopy fixative 
and fixed at room temperature for 2 hours before being 
transferred to 4°C for storage. 

The fixed samples were rinsed three times with 0.1 mol/L 
phosphate buffer (pH 7.4), each for 15 minutes. Subse
quently, the samples were fixed in a solution of 1% osmium 
acid prepared with 0.1 mol/L phosphate buffer (pH 7.4) at 
room temperature in the dark for 1 to 2 hours. The samples 
were then rinsed again three times with 0.1 mol/L phos
phate buffer (pH 7.4), each for 15 minutes. Finally, the tis
sue was treated with isopropyl acetate for 15 minutes, fol
lowed by dehydration in a graded series of alcohol solutions 
(30%, 50%, 70%, 80%, 90%, 95%, 100%, and 100% alcohol) 
and isopropyl acetate, each for 15 minutes.13 

For drying, the samples were placed in a critical point 
dryer. For conductive treatment, the samples were attached 
to conductive carbon adhesive tape and positioned on the 
sample stage of an ion sputtering device for approximately 
15 seconds of gold sputtering. The samples were then ob
served under a scanning electron microscope (Hitachi 
SU8100). 

2.4. MASSON TRICHROME STAINING SLIDE 
PREPARATION 

Larval samples were fixed in 10% formalin solution for 
24–48 hours, then dehydrated in 70%, 80%, 90%, and 100% 
ethanol for 30 minutes each, followed by clearing in xylene 
for 20 minutes. The fixed samples were embedded in paraf
fin and sectioned into 5–7-micron-thick slices. They were 
then stained with Weigert’s iron hematoxylin for 10 min
utes, rinsed with running water for 5 minutes, stained with 
acid fuchsin for 5–10 minutes, rinsed for 5 minutes, differ
entiated with phosphotungstic acid/phosphomolybdic acid 
for 5–10 minutes, and stained with aniline blue for 5–10 
minutes. and finally rinsed again for 5 minutes. The stained 
sections were dehydrated in 70%, 80%, 90%, and 100% 
ethanol solutions for 30 seconds each, and clarified in xy
lene for 1 minute each step. Finally, the sections were 
mounted with mounting medium, and after the mounting 
medium had completely dried, they were observed and pho
tographed under an optical microscope (Nikon Eclipse 
E100).14 

3. RESULTS AND ANALYSIS 

3.1. BEHAVIORAL OBSERVATIONS DURING BREEDING 

The specimens of D. arborescens undergoes repeated mat
ing during cultivation, with mating occurring 8–15 times 
daily. Mating duration ranges from a minimum of 20 min
utes to a maximum of 140 minutes. Following mating, each 
individual lays egg within one week (Fig. 2). Due to their 
similar size and morphology, individuals have difficulty dis
tinguishing post-mating. To mark post-mating individuals, 
a portion of the mantle is clipped after egg-laying. Egg-
laying takes approximately 2–5 hours. The female swirls 
clockwise and moves slowly, pressing the orange-yellow 
opaque adhesive egg mass firmly against the tank wall or 

substrate. The egg mass measures 9–14 cm in length. A 0.5 
cm section of the egg mass is examined under a microscope 
to estimate the number of eggs, which ranges from approx
imately 5,400 to 6,500. 

3.2. EARLY EMBRYONIC DEVELOPMENT 

The embryonic development process is divided into 12 dis
tinct periods (Table 1). At 22-23°C, development from the 
fertilisation to the planktonic veliger stage required 9–10d. 
The stage was grouped into into five major phases: cleav
age, blastula, gastrula, larval development, and planktonic 
veliger. 
Cleavage (0–22 h post-fertilisation, hpf).No polar-body 

extrusion was detected. 
1–3.3 hpf: 2-cell stage. Two unequal blastomeres (174 ± 8.1 
µm)(Fig.3-A,B). 
3.3–5 hpf: 4-cell stage. One large and three small blas
tomeres arranged in two planes (175 ± 7.3 µm)(Fig. 3-C). 
5–13 hpf: 8-cell stage. Four large and four small blas
tomeres; asynchronous cleavage (175 ± 5.9 µm) (Fig. 3-D). 
13–15 hpf: 16-cell stage. Blastomere volume decreased; 
embryo enlarged to 179 ± 5.1 µm(Fig.3-E). 
15–22 hpf: Morula. Cell boundaries indistinct; no blasto
coel (182 ± 7.6 µm)(Figure 3-F). 
Blastula (1.5 d post-fertilisation, dpf). Ciliated blastula 

exhibiting weak rotational movement (186 ± 5.8 µm) 
(Fig.3-G). 
Gastrula (1.5–3 dpf). Clockwise rotation continued; di

ameter unchanged (186 ± 5.8 µm) (Fig.3-H). 
3–4 dpf: Trochophore with incipient heart-shaped velum 
(203 ± 8.7 µm) (Fig.3-I). 
larval development  4–6 dpf: Early veliger (210 ± 9.2 

µm)(Fig.3-J).6–7 dpf: Late veliger fully formed (Fig.3-K). 
Hatching 9–10 dpf: ; shell length 192 ± 10.7 

µm(Fig.3-L). 
Monozygotic twins: one embryo reached the veliger stage, 
the other arrested at blastula (Fig.4-A). 
Monozygotic triplets: only one embryo completed devel
opment; the remaining two exhibited cleavage arrest 
(Fig.4-B). 
Polyspermy was observed. Multiple male pronuclei fused, 
yielding supernumerary chromosome sets that segregated 
aberrantly, producing multipolar mitoses and subsequent 
developmental arrest (Fig.4-C). 

3.3. MASSON STAINING OBSERVATION 

Under Masson’s trichrome staining, the veliger larva ex
hibits a blue hue, indicative of a rich collagen fiber matrix, 
while the worm body displays a red coloration, reflecting 
its composition of muscle fibers. Notably, the rhinophore 
has not yet developed in the observed specimens, which in 
adults typically evolves into a rod-shaped structure. As a 
prominent external anatomical feature of the head in ma
rine gastropod nudibranch molluscs (Nudibranchia, Aply
siomorpha, Sacoglossa), the rhinophore plays a significant 
role in sensory perception. Fig.5-A illustrates a young larva 
equipped with a rudimentary set of cilia, preceding the for
mation of the veliger structure. 
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FIGURE 2. A: Mating of    D.arborescens; B: Spawning of     D. arborescens ; C and D: Egg band of        D. arborescens   

Table 1. Period of early embryonic development and its characteristics of          Dendrodoris arborescens   

Embryonic development stage Duration of development Diameter of egg/um（n=30） 

Lay eggs 1h 177±4.0 

2-cell stage 3.3h 174±8.1 

4-cell stage 5h 175±7.3 

8-cell stage 13h 175±5.9 

16-cell stage 15h 179±5.1 

Morula stage 22h 182±7.6 

Blastocyst stage 1.5d 186±5.8 

Gastrula stage 3d 195±6.3 

Rochophore 4d 203±8.7 

Early veliger 6d 210±9.2 

Veliger larva 9-10d 192±10.7（Shell length） 

3.4. OBSERVATION OF EGGS UNDER SCANNING 
ELECTRON MICROSCOPE（SEM） 

As illustrated in Fig.6-A, a fertilised egg is depicted with a 
spherical profile, an intact egg membrane (EM), and local
ized minor damage. Beneath the egg membrane, a conspic

uous layer of lipid droplets (LD) can be discerned, poised to 
enter the division stage. In Fig.6-B, the same egg has pro
gressed to the first cleavage division, evidenced by the ap
pearance of a distinct cleavage furrow. 
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FIGURE 3. Early stages of embryonic development      
A:Fertilized egg B:2-cell stage C:4-cell stage D:8-cell stage E:16-cell stage F:Morula stage G:Blastocyst stage H:Gastrula stage I:Rochophore J:Early veliger K:Late veliger L:Veliger 
larva: bar:50µm 

FIGURE 4. Monozygotic twins (A), Monozygotic triplets (B), and Multiple spermatozoa entering eggs（C）            
A-a: embryos developing to blastocyst stage; A-b: embryos developing to tambour larvae; B-a: embryos developing to tambour larvae; B-b: undeveloped embryos; B-c: undeveloped 
embryos 

The spawn and embryonic development of Dendrodoris arborescens (Collingwood, 1881) (Mollusca: Nudibra…

Israeli Journal of Aquaculture - Bamidgeh 98

https://ija.scholasticahq.com/article/145771-the-spawn-and-embryonic-development-of-_dendrodoris-arborescens_-collingwood-1881-mollusca-nudibranchia/attachment/305659.jpeg
https://ija.scholasticahq.com/article/145771-the-spawn-and-embryonic-development-of-_dendrodoris-arborescens_-collingwood-1881-mollusca-nudibranchia/attachment/305660.jpeg


FIGURE 5. Larvae of different periods Masson staining observation        
Ci: cilium; Rh:Rhinophore; Ve:veliger; Bo:body 

FIGURE 6. Observation of eggs under a scanning electron microscope         

3.5. OBSERVATION OF DISC LARVAE UNDER THE 
OPTICAL MICROSCOPE（OM） 

Fig.7 shows the morphological characteristics of the veliger 
larva of D.arborescens. The shell is yellowish-brown, 
translucent and cup-shaped, with a vivid orange marginal 
band. The internal organs are compactly enclosed within 
the shell, and the dense pigmentation in the shell makes 
it difficult to directly observe the specific location and de
velopment of the internal organs. The apex is white and 
lacks an operculum. The larva has two symmetrically dis
tributed elliptical ciliated wing-like membrane structures, 
the velum, which it uses for swimming and floating. When 
fully extended, the larva can reach a maximum diameter 
of about 220 µm. The outer edge of the disc is surrounded 
by a wide, yellowish translucent marginal band that sup
ports the ciliated structures. The interior of the disc is blue 
and scattered with white vacuolar round cells. When viewed 
from the side (Fig.7-C), the larva has a large, transparent 
foot structure with a thick row of granules along the bottom 
edge, and the foot bends around the posterior part of the 

shell. The larva swims rapidly through its surface and well-
developed cilia. When swimming, the surface plate con
tracts and folds, then unfolds again (Fig.7-D). Compared 
to most planktonic larvae, the veliger larva of this species 
is morphologically unique. Each larva lacks an operculum 
structure and has an unusually developed apex that cannot 
be retracted into the shell. 

Only two larvae have developed to the shellless larva 
stage. The larvae shed the yellowish-brown cup-like shell 
and cilia on the velum (Fig.8-A), at which point they appear 
transparent, with the statocyst visible (Fig.8-B), swim 
slowly, and die after 6d. 

4. DISCUSSION 

The mating behavior of D. arborescens is similar to the si
multaneous hermaphrodite mating mechanism described 
by Burn (2006),15 but there are key differences: individuals 
of D.arborescens do not exhibit obvious male dominance 
competition during mating, but rather tend to engage in 
mutual fertilization, thereby increasing reproductive suc
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FIGURE 7. Different views of the surface plate larva        
A:Larva frontal surface B:Larva ventral surface C:Larva lateral surface D:Swimming larva Ci: cilium; CS: cup-like shell; Ve: velum; MG: marginal band; F: foot: bar:100µm 

FIGURE 8. Shell-less forms (Sc：statocyst)    

cess. This strategy may confer a significant advantage in 
low-density populations, avoiding reproductive failure due 
to mate scarcity. However, the specific mechanisms of 
sperm competition remain to be further investigated, such 

as whether phenomena like sperm precedence or sperm 
storage exist.16,17 

Identical twins, identical triplets, and multiple sperma
tozoa entering eggs were observed. In Thompson’s (1958) 
study of nudibranchs, identical twins were observed in 
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Onchidoris fusca, Doris pseudoargus, Jorunna tomentosa, and 
Adalaria proxima, but identical triplets were observed for 
the first time in nudibranch research.18 Compared to the 
relatively common phenomenon of identical multiple em
bryos in vertebrates, identical multiple births in mollusks 
are rare, and their formation mechanisms are associated 
with abnormal early embryonic cleavage or special envi
ronmental adaptive strategies.19 This discovery is of great 
significance for understanding the diversity of reproductive 
strategies in mollusks. It may represent an unrecognized 
adaptive strategy, warranting further investigation through 
larger sample sizes and molecular approaches to elucidate 
its underlying mechanisms. Some gastropods adjust their 
reproductive strategies under fluctuating salinity condi
tions,20 but whether nudibranchs regulate embryonic de
velopment to respond to environmental stress remains to 
be verified through controlled experiments (e.g., tempera
ture/pH gradient designs) combined with molecular mark
ers (e.g., DNA methylation detection). In particular, the 
Hox gene cluster and Wnt signaling pathway play a key role 
in establishing embryonic polarity in mollusks.21 Future 
studies could explore the role of these pathways in polyem
bryony through single-embryo transcriptomic analysis. 

Eggs (173-181µm diameter) and first-hatched larvae 
veligers (181.3-202.7 µm shell length) of D. arborescens 
were significantly larger than the values reported (121-129 
µm of egg diameter and 153 µm of shell length of larvae) 
under the culture conditions of 22-23 °C.7 This difference 
stems from morphological variation among geographic 
populations or subtle differences in culture conditions. 
Compared to the results of Brodie and Calado (2006) at 
higher temperatures (26-27°C) (egg diameters 121.4-141.7 
µm, first hatch larval shell lengths in the range of 
142.6-159.4 µm), the egg diameter and first hatch larval 
shell lengths of D.arborescens still showed a larger size,10 

and the time of incubation at higher temperature (26-27°C) 
The incubation time at higher temperatures (26-27℃) was 
about 30% shorter than that at 22-23℃, which is in line 
with the general pattern of development of metazoans, and 
this phenomenon further supports that temperature is a 
key environmental factor affecting the early development 
of marine invertebrates.22 

While the closely related species D. fumata showed the 
characteristic of “small eggs and large larvae” (egg diam
eter 112.2-121.8 µm, larval shell length 206.1-233.9 µm), 
D.nigra was the smallest in overall size (egg diameter 
71.2-76.8 µm, larval shell length 129-141 µm), and the dif
ference may be related to its larval ecological adaptation 
strategies, e.g. D. fumata may improve survival compet
itiveness in the planktonic phase through larger larval 
size,23 while miniaturization of D.nigra may facilitate rapid 
development or adaptation to specific ecological niches.24 

The developmental patterns of 26 species of Dendrodor
ididae worldwide. Among these, 54% of the groups exhibit 
planktotrophic development, 4% exhibit lecithotrophic de
velopment, and 42% exhibit direct development.12 Plank
totrophic development is more common in Dendrodoridi
dae. 

Additionally, the large foot structure of D.arborescens 
larvae indicates its adaptation to a long-term planktonic 
lifestyle. Large feet may enhance swimming ability or assist 
in later attachment. In summary, the morphological char
acteristics of D.arborescens larvae reflect multiple adaptive 
strategies for the planktonic life stage, including potential 
light-regulated mechanisms for shell pigmentation and 
specialized locomotor organs. Unfortunately, the larvae 
failed to complete metamorphosis, possibly due to the ab
sence of key environmental inducers. Similar chemical sig
nal-dependent metamorphosis triggering mechanisms have 
been reported in various marine invertebrates.25,26 

5. CONCLUSION 
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