
INTRODUCTION
Nudibranchs are classified in the subclass
Opisthobranchia where they constitute the
largest order. The order can be divided into 4

suborders. (McDonald & Nybakken 1980;
Wells & Bryce 1993). Nudibranchs are
separated from other opisthobranchby several
features: the adult lacks shell, operculum, and
mantle cavity (McDonald & Nybakken 1980).

The lifecycles of nudibranchs have been
extensively studied in the United States and
Australia (Hadfield 7963; Bonar & Hadfield
1,974; Kempf & Willows 1.977; Eyster 1979;
Switzer-Dunlap & Hadfield 7977; Perron &
Turner I977;Hadfield & Switzer-Dunlap 1984;

Carroll & Kempf 1990) and Britain (Thompson
7967). However, in Malaysia the study of
nudibranchs is a new field (Sazlina et n\.1999)
with no previous publications on life cycles.

Phyllidia oaricosa Lamarck, 1801 (Phyllidi-
idae) is a common species, found throughout
the Indo-West Pacific Oceans including the
central Pacific and the Red Sea (Brunckhorst
1.993; Adelyna 2000). Meanwhrle, lorunna
funebris Kelaart, 1858 (Dorididae) is a common
species in the South China Sea and Flqbellina
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sp. (Flabellinidae) is a seasonal species found
in coral reef areas.

We have studied mating behavioul, embry-
onic, and early larval development in 3 species

of interest to the marine ecology of coral reefs
of Malaysia. Information on reproductive
biology may also help in identification and
classification. E.g., Brunckhorst (1993)
included the shape of egg masses when
reconstructing the phylogeny of Phyllidae.

MATERIALS AND METHODS
Adult individuals of lorunna funebris were
collected at Besar Island on a rock at L0 m
depth. Adult Phyllidia aaricosn and Flabellina
sp. were collected at a depth of 5 m, on a rock
and a hydroid respectively, at Pemanggil
Island. The islands are located in the South
China Sea. All collections were done using
SCUBA.

A pair of adult nudibranchs was placed in
an aerated 1-litre aquarium containing 800-850

ml7 ym filtered sea water. Temperature and
salinity of the sea water was measured twice
daily (duy and night). The temperature was
between 27-30 oC and the salinity was between
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30-32%o throughout the study period. The sea
water was changed daily.

The mating behaviour of the animals was
observed. The duration of copulation was
clocked and described. Egg laying was
observed and the duration from the first
deposition of an egg mass until the end was
clocked. Colouq, structure width and length
were noted for each egg mass. After the adults
had completed the egg mass, it was removed
from the adults and put in a 20 litre aerated
aquarium containing 15litre 1 y filtered sea
water. Development of the embryo was
observed until the early larvae stage. The
water in the aquarium was changed daily.

When the larvae hatched, they were
collected with a 64 yrn sieve during the water
change and 5 ppm streptomycin sulfate was
added. The hatched larvae were counted in 5
replicates of 1 ml. The larvae were fed once
daily with Isochrysis galbann cultured in 2litre
plastic bottles in the field using F2 media and
stock from the laboratory.

RESULTS
lorunna funebris (Kelaart, 1B5B)

The first mating pair of this species moved
towards each other when they were ready to
mate. Both adults shrunk and lifted their
mantle to extend the penial armature. Their
bodies became concave and shrunk to half the
size oftheir actual body length. When the pair
was about 0.5 cm away from each othe1, both
individuals extended their penial armature for
the first few hours. Their rhinophores retracted
but the gills were extended. Both individuals
appeared relaxed. After about B hrs, the
mating pair moved theirbodies closer. Mating
lasted for about 12 hours. The second pair of
l. funebris mated for 6 hours. The two pairs of
l. funebris mated twice a day, each time for 6-
14 hours.

Five hours after mating, the first individual
from the first pair spawned on a rock, which
was placed in the aquarium. After about half
an hour, the second individual spawned
beside the first egg mass. The egg masses were
white, ribbon-like and gelatinous. The first egg
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mass had 4 coils and the second one had 3 coils
and was very undulating. It took B-10 minutes
to finish deposition of one layer of the egg
ribbon. Total oviposition lasted for about 35
min. The length of the first egg mass was about
25 cm and the width 0.3 cm. The second one
was about 15 cm in length and 0.4 cm wide.
Egg capsules amounted to274.5 + 85.56 when
counted per 0.2x0.2 cm egg ribbon.

Embryonic deaelopment. - After 3 days, the
white egg masses turned light pink and then
purple on day-A, indicating that the larvae
were ready to hatch. The egg masses became
more undulating and the width of the egg
masses increased 0.1 cm. The egg masses lost
the undulating appearance after hatching.
Both egg masses hatched at the same time.

A total of 6T,336 larvae hatched from egg
mass 1 and 60,488larvae from egg mass 2. The
embryonic development of the egg masses is
shown in Table 1.

The initial size of an egg capsule was 777.42
+ 14.67 yrn and increased to 1.47 .58 + 9 .74 ym

Tabie 1. Summary of the early development of
lorunna funebris.
Time of, Development stage
observation

Single cell

First divisiory 2 cells

4 cells of equal size

Embryo with multiple cells

Blastula stage

Castrula stage

Trocophore stage. Velum
appeared with very short cilia

Shell appeared. Bilobed velum
developed. Embryo moved from
side to side.

Veliger stage. Shell became more
transparent and developed.
Statocysts visible. Internal organs
developed. The larvae moved
actively inside the egg capsule.

Larvae hatched from the egg
capsules

4 days



on day 4 when it was ready to hatch.
Prehatching mortality for egg mass 1 was 68.25
+ 3.40 "/o and 64.75 t 0.66 "/o for egg mass 2.

Larztnl deaelopment. - After hatching, the
larvae started to swim upwards. The initial
shell size was 127.89 + 4.11, pm. The shell was
coiled. Larvae had paired statocysts. On the
second day after hatching the shell size
increased to 144 + 77.27 pm. The gut seemed
to be getting smaller compared to when the
larvae firsthatched. The larval foot was visible,
although rather small. The shell did not show
any sign of growth after the second day. The
foot appeared longer on day 2. The mantle of
the larvae appeared to be lost from the shell.
The larvae were active swimmers throughout
the early larval life.

Phyllidia aaricosq Lamarck, 180L

The mating pair of Phyllidiq anricosa moved
close to each other and extended their penial
armature. The bodies maintained normal
shape. The animal appeared relaxed through-
out the whole process. Their rhinophores were
extended. They mated twice before
oviposition. The first mating lasted for about
B hours, while the second mating lasted for L5

hours.
The first egg mass was deposited on the

aquarium wall after 6 hours. The second
individual started spawning after the first
individual finished spawning. The egg masses
were light orange, coiled-like, slightly gelati-
nous, rather hard and had 7 coils. The duration
of deposition of a layer of egg ribbon was 20-
40 minutes. Total oviposition lasted for about
6 hours. The length of the egg masses ranged
from 42 to 45 cm and the width 0.5 cm. Egg
capsules amounted to 233.5 + 4.9 when coun-
ted per 0,2x 0.2 cm egg ribbon.

Embryonic deaelopment. - The colour and size
of the egg masses remained the same
throughout the embryonic development.
When the eggs hatched, the egg masses
became lighter and lost their coiled-like shape.
Only the result of the development of the first
egg mass is included in this paper. The
embryonic development of the first egg mass
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is shown in Table 2.

The initial size of the egg capsule was 1,40.0
+ 6.13 yrn and increased to154.42 -+ 7 .68 lrn on
the day it was ready to hatch. It took 7 days
before the egg mass was ready to hatch.

Totally 208,000 larvae hatched from egg
mass 1 and 133,760larvae from egg mass 2.

Prehatching mortality was \9.02 + 3.28 "/o for
egg mass 1 and 21.87 + 0.99"/o for egg mass 2.

Laraql deaelopment. - After hatching the
larvae started to swim upwards. The initial
shell length was 136.75 + 4.67 pm. The shell
was coiled. Larvae had paired statocysts; the
foot was thick and quite long. On the second
day after hatching the shell had increased to
139.08 + 7.69 pm. The gut seemed to be getting
smaller compared to when they first hatched.
The larval foot became longer but the
thickness remained the same. On the fourth
day, the shell length had increased to 146.80 +

Table 2. Summary of the early development of
Phyllidia aaricosa.

r;me
observation

Start Single cell

6 hrs 45 min First division,2 ceils

24hrs 36 min Blastula stage

2 days 38 hrs Gastrula stage

3 days 7 hrs Trochophore stage. Velum
appeared with short cilia.

3 days 23 hrs Velum with short cilia; shell and
velum began to develop.

5 days 16 hrs Shell became transparent and
developed,statocysts visible.
Internal organs developing. The

nilff#;"i;*Tlffi 'Jrin 
c ir cur ar

Tdays 17 hrs Veliger stage. Shell became more
transparent and developed.
Internal organ seemed to be
developed The larvae moved
actively in circular motion in the
egg capsule with the ciliated
velum.

Tdays 18 hrs Larvae hatched from the egg
capsule.

Phuket Marine Biological Center Special Publication 25(L): 173-778 (200L)
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4.32 ym. There was no significant growth after
the fourth day. The foot appeared longer. The
mantle of the larvae appeared to be lost from
the shell. The larvae were active swimmers
throughout the early larval stage.

Flnbellina sp.
TWo pair s of Flabellina sp. were observed. Both
animals showed precopulatory behaviour
before the actual mating started. The mating
pair moved closer to each other and began
touching each other with their tentacles. This
behaviour lasted about 15 minutes. Then they
moved into tight mating position and both
individuals bent their bodies towards each
other. The animals appeared relaxed through-
out the whole process. The first mating lasted
for half an hour. Both pairs of Flqbellinn rnated
2 to 3 times a day from 2 minutes to less than
an hour.

An orange, string-like, very gelatinous egg
mass was deposited on the aquarium wall in
a rather straight line. It took 30-40 minutes to
deposit an egg mass. The length was 3 cm and
the width less than 0.1 cm. There were 95 egg
capsules per 0.2 x 0.2 cm egg ribbon. The
embryonic development is shown in Table 3.

Embryonic deaelopment. - The initial size of
the egg capsules was 86.38 + 1.68 pm, which
increased to 94,3I + 0.89 yrn after a day when
they were ready to hatch. Totally 4,688larvae
hatched from the egg mass. Prehatching

Table 3. Summary of the early development of
Flabellina sp.

llT::j., Development srage
observation

Single cell

First division, 2 cells

Gastrula stage

Veliger stage. Shell and ciliated
velum developed. Embryo began
to move in the egg capsule.
Internal organs developing.
Statocysts appeared.

Larvae hatched from the egg
capsule

mortality was 93.83 + 12.13 %.
Larual deaelopment. - After hatching, the

larvae started to swim upwards. The initial
shell size was 82.48 + \.24 pm. The shell was
non-coiled and elongated (type 2IarvaI shell
according to Hadfield & Switzer-Dunlap
1eB4).

Larvae had a pair of statocysts. Eye-spots
were not present and the larval foot was not
visible. On the third day after hatching the
shell size increased to149.3I+ 4.69 pm. During
this stage, the internal organs (velum, retractor
muscle and the elongated foot) became more
distinct. The larval foot became long and thick.
The larvae were active swimmers throughout
the early larval stage.

Development of the 3 species is summarised
in Table 4.

DISCUSSION
The mating behaviour of the three species
showed some variationin duration and trend.
Mating lasted 7-74hows for /. funebris and P.

aaricosa while Flabellina required from 2
minutes to less than an hour. The trend of
mating was also different. l. funebris extended
their penial armature and the pair was far
apart during the early stage of mating. In
comparison P. aaricosn and Flnbellina sp.
remained close together from the beginning
until the end of mating. All three species
copulated with the heads pointing in opposite
directions and exposing the right side, where
the genitals are located.

Only Flabellina sp. displayed precopulatory
behaviour. Hadfield & Switzer-Dunlap (1984
quoted Schmekel 1.971,) who stated that
precopulatorybehaviour is common in aeolid
nudibranchs. The aeolid Tenellia pallida
showed precopulatory behaviour by touching
from mouth to gonopore (Eyster 1979).

A pause was made between the first and
second spawning of a pair of nudibranchs. The
second spawning did not take place before the
first individual had finished spawning or was
about to finish spawning. The pause probably
represents an amount of time necessary for
activation of exogenous sperm (Hadfield &

Start

t hr 25 min

L2 hrs 25 min

20 hrs 25 min

22hrs
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Table 4. Nudibranchs from the South China Sea. Comparison of times noted for the

development of lorunna funebris, Phyllidia aariclsa, and Flabellina sp.

Phyllidia aaricosa lorunna funebris Flabellina sp.Stage/type

First division

Blastula

Gastrula

Trochophore

Veliger stage

Hatching

Eariy larval shell

6 hrs 45 min

24hrs 30 min

2 days 18 hrs

3 days 7 hrs

5 days 16 hrs

7 days 17 hrs

coiled

2hrs
22hrs 30min

1 day 17 hrs
2daysThrs

3 days 7 hrs 30 min

4 days

coiled

th25min

12 hrs 25 min

20 hrs 25 min

22hrs

non-coiled

Switzer-Dunlap 1984).The length of the pause

varies among sPecies.

Atl eggs of the Present study developed to
the stage where shell and velum were fully
developed. Egg masses of P' uqricosq took 7
days to hatch while Flabellina sp. took only L

day to hatch. This is fast compared to other
species. Berghia aerrucicornis took 11 days to
hitch (Carroll & Kempf 1990) while Doridellq

obscura took 5 days (Perron & Tirrner 1977)'

Hadfield & Switzer-Dunlap (1984) found
that lecithotrophic larvae developed from eggs

measurin g tiO - 220 ym Ln diametel, while
planktotrophic larvae developed from egg

with diameters of 60-110 lr^. The egg sizes of

P. aaricosq and l. funebris indicate that larvae

of these species might be lecithotrophic while
larvae of Flabellina sP. should be

planktotrophic.
Newly hatched veligers of P. rtaricosa and l.

funebrishave coiled larval shells (typ9 1 shells

according to Hadfield I9B4). They are

classified in the families Phyllidiidae and
Dorididae respectively. Flabellinasp. has a non-

coiled shell (Vpe 2 shell according to Hadfield
& Switzer-Dunlap 1984) and it is classified in
the family Flabellinidae.
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