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Abstract

The embryonic and larval development of volitionally spawned eggs of the serranid fish Marcia’s anthias, Pseudanthias marcia
(Randall and Hoover 1993) is described and illustrated based on observations during spawning, hatching and larval rearing trials.
Eggs were obtained from volitional spawning of P. marcia under captive conditions in Re-circulating Aquaculture System (RAS)
in which the sea water is re - circulated at the rate of 1500 L per hour. Fertilized eggs of P. marcia were pelagic, non adhesive,
transparent and measured 617.891 + 14.9 1 (mean £ SD). Each egg had a single oil globule which measured in 125.866 + 14.06
(mean + SD).Cell division or two cell stage started forming after 14 min of collection of the fertilized eggs from the brood stock
tank. Larval motility began after 14:30 h and hatching occurred after 14:50 h at 29 °C. Average total length of the newly hatched
larvae was 1206.55 + 100.02 p and the yolk sac length was 826.00 +46.00 .. On 3rd dph (days post hatch), the total length of the
larvae was 1906.26 +=32.3 p. Pigmentations patterns were observed in freshly hatched larvae after 4 h of hatching, with the
presence of eight pigmented areas on the dorsal surface of the larva and one spot on the posterior tip of the yolk sac. Notochord
flexion stage was complete on 25 dph (TL- 4.85 mm). Between 32 and 34 dph larvae metamorphosed to adult shape. Adult
coloration and forked caudal fin shape was observed after 50 days of post hatch and the total body length of the larvae was 42—

43 mm.
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Introduction

Anthias (family: Serranidae) forms an important group of fish-
es in the tropical marine aquarium fish trade because of their
vibrant colours. The Indo-Pacific genus Pseudanthias, to
which Marcia’s Anthias, Pseudanthias marcia (Randall and
Hoover 1993) belongs are commonly called as “jewels of the
reef” or false anthias. They swim in groups and are compatible
with other species, easily adapt to pellet feed and bivalve
meat. Apart from this, these fishes fetch high prices from $
6.36 to $ 42.38 /piece. These fishes are protogynous hermaph-
rodites and found as haremic aggregations with their distribu-
tion being confined to the Indo-Pacific region (Randall and
Pyle 2001).
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Several studies exists on the egg and larval development of
serranid fishes, especially groupers (sub family:
Epinephelinae) (Glamuzina et al. 2000; Sawada et al. 1999;
Powell and Tucker Jr. 1992). Anil et al. 2018, reported the first
brood stock maturation, volitional spawning, breeding and
successful larval rearing of P marcia in RAS under captive
condition. However, there is hardly any study on the embry-
onic and larval development of the fishes of sub family:
Anthiinae. Available reports are mostly on taxonomic studies
(Randall and Hoover 1993; Randall and Pyle 2001; Allen
2005; Heemstra and Heemstra 2004; Heemstra et al. 2004;
Randall and Heemstra 2006; Heemstra and Akhilesh 2012).
Information on egg, embryonic development, duration of each
embryonic stage etc. are essential in studies pertaining to lar-
val abundance for population estimates, extracting embryonic
stem (ES) cells for the cryo-preservation of fish embryos and
in cell-mediated gene transfer and targeted gene mutations
(Wolf and Ahne 1982; Glamuzina et al. 1998; Chen and Ye
2003). Information on gamete physiology, embryology, and
larval ontogeny are essential to develop a captive breeding
technique for targeted species and which in turn helps in brood
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stock management and development and standardisation of
larval rearing techniques (Coward et al. 2002; Moorhead
and Zeng 2010). Brooks et al. 1997 opined that information
regarding larval size, duration of embryonic developmental
stages, mouth gape, first feeding and swimming pattern of
the larva are essential parameters to be known to assess the
larval quality and for successful larval rearing.

To develop culture techniques of the species, studies on the
characteristics of embryonic and larval development is impor-
tant (Rahman et al. 2009; Holt 2003; Leu et al. 2015; Olivotto
et al. 2017).

Most of the embryonic and larval developmental studies per-
tain to the families Pomacentridae and Gobiidae and the present
study is the first attempt on Indo-Pacific species P. marcia. The
present study describes the egg development, hatching, larval
development and changes associated with growth and develop-
ment of larvae, P marcia reared in captivity.

Materials and Methods

There were 12 fishes with 5 males and 7 females contributing to
the egg production. Eggs of Pseudanthias marcia were collect-
ed from the RAS system setup in the hatchery (Anil et al. 2018)
where fishes were allowed to spawn naturally. Once fishes
started courtship behaviour, a 200 p mesh egg collector was
kept below the pipe attached to the overflow mechanism. All
fish, used in the present study were handled in accordance with
the guidelines for the care and use of fish in research by DeTolla
et al. (1995) and the protocols were approved by ICAR-Central
Marine Fisheries Research Institute, Kochi. The egg collector
was observed regularly for floating eggs. For the embryonic
developmental studies, fertilized eggs were collected from the
spawning tank (RAS) soon after spawning. About 150-200
eggs were incubated in 500 mL glass container at 29 °C and
the developmental stages were monitored until hatching.
Salinity and pH of filtered and pre-treated sea water used for
incubation was 35 ppt, and 8.1 respectively, and 50% of the sea
water was changed twice daily. Eggs at the optic vesicle stage
were collected from overflow conduit of RAS and used for
rearing studies. The rearing trials were conducted in 500 L
Fibreglass Reinforced Plastic (FRP) tanks, provided with green
water medium and mild aeration in which these eggs were
stocked at the rate of 10 no./L. From Ist dph onwards larvae
were taken from the rearing tank.

Embryonic Development and Hatching
of Pseudanthias marcia

Subsamples of 10-15 eggs were taken from the 500 mL
glass container and observed under Leica DMCS micro-
scope to examine the embryonic development. The char-
acteristics of newly spawned and fertilized eggs were
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documented. Each time 1015 fresh eggs were taken from
500 mL glass container for observation. The time taken
for each stage of embryonic development from fertilized
egg to 2, 4, 8, 16 and 32 cell stages, blastula, morula,
gastrula, embryo formation and hatching were calculated
and recorded. Diameter of the fertilized egg, yolk sac
length and width, size of oil globule were measured in
microns (L).

Mouth Opening, Complete Yolk Sac and Oil Globule
Absorption

Each time 10-15 larvae were taken from the 500 L rearing
tank for observation and measurements. Yolk sac length,
width and oil globule diameter were measured from 0 h of
post hatch larvae to complete yolk sac absorption. The time
taken for mouth opening was monitored at 4 h intervals.

Larval Morphology and Growth of Pseudanthias
marcia

For the first three day, the same larvae were used for both the
measurements of oil globule, yolk sac absorption and larval
morphology. From 5 dph to 35 dph, 5-10 larvae were
sacrificed from 500 L FRP tank for the study of larval mor-
phology. Pigmentation pattern, morphological changes in-
cluding fin spine and teeth formation, larval distribution in
the tank and behavioural changes were observed and record-
ed. Water quality parameters such as temperature, salinity, pH,
dissolved oxygen and ammonia were checked daily.

Results
Spawning and Embryonic Development

Fishes were allowed to spawn naturally in the tank and no
hormonal induction was carried out. Spawning occurred in
the early evening hours from 7.00-7.30 pm. Water quality
parameters in the rearing tank were: salinity-33-35 ppt, tem-
perature-28.0-29.0 °C, pH -8-8.2, dissolved oxygen- 4.5-
5.01 mg/l and ammonia —0.001-0.004 ppm.

Egg Morphology and Hatching

Details of embryonic development stages of Marcias anthias,
P. marcia at 29 °C are given in Table 1 and Fig. 1 Fertilized
eggs were spherical, transparent, pelagic and non-adhesive.
Size of the individual eggs varied between 615 1 to 661 p
and the average size was 617.891 £ 14.9 pu (mean + SD).
Unfertilized eggs were opaque and settled at the bottom. The
fertilized eggs had only one oil globule and the size ranged
between 114 and 132 p and had an average diameter of
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Table 1 Timing of Embryonic
developmental stages of marcias Developmental satges ~ Time after Important features Fig.
anthias, Pseudanthias marcia at fertilization No.
29 °C Fig. I(A - O)
Fertilized egg 0 Spherical floating and transparent eggs A
2 cell 14 min First cleavage B
4 cell 39 min Second cleavage, cell division perpendicular to C
the first
8 cell 45 min Third cleavage, division parallel to the second D
16 cell 59 min Fourth cleavage parallel to the first E
32 cell 1 h 13 min Formation of unequal blastomeres F
Morula 1 h 33 min 64 celled stage G
Blastula 3 h5 min Start of blastula stage H
Gastrula 7 h 2 min Organ formation or formation of germ ring I
Blastophore nearly 7 h 45 min Completion of morphogenetic movements. J
closed
Early embryo 9 h 55 min Myomeres appeared K
formation
Optic vesicle formation 13 h 50 min Eye lens and optic vesicle formed L
Larval motility began 14 h 30 min Larval movement started M
Hatched larva 14 h 50 min Hatching of larva began N
Hatchling 15 h 10 min Hatched out larvae with yolk sac o

125.866 £ 14.06 u (mean + SD) (Fig. 1A). Shortly after fertil-
ization, the perivitelline space and blastodisc were formed.
The eggs exhibited meroblastic discoidal cleavage. The blas-
todisc is like a disc shaped mass of dividing cells attached on
the top of the yolk. First cell division was observed 14 min
after fertilization resulting in the formation of 2 cell stage with
2 large equal sized blastomeres(Fig. 1B). After 39 min fertil-
ization, the 2nd cleavage occurred which resulted in the for-
mation of 4 equal sized blastomeres (Fig. 1C) and the 8 celled
stage was formed after 45 min of fertilization (Fig. 1D). The
cleavages followed a meridional and equatorial pattern. After
this, the cleavage became more or less irregular during which
a drastic difference was observed in the size of the blastomeres
and they segregated into less yolky upper micromeres and
yolky lower macromeres. The micromeres divided at a faster
rate than macromeres. This segregation process occurred
within 59 min after fertilization (Fig. 1E). At the 32 cell stage
(formed after 1 h and 13 min of fertilization), the cells in the
centre appeared cut off from the yolk while the cells in the
outer boundaries were merged with the underlying yolk (Fig.
1F). After morula stage (observed after 1 h 33 min of fertili-
zation) (Fig. 1G), the spherical egg assumed a spherical
shaped structure. Blastula stage appeared after 3 h 5 min.
The first movement of cells were observed during the gastrula
stage, due to the epiboly of the blastoderm cell over the yolk.
The development of the egg from fertilization to gastrula stage
took 7 h 2 min, resulting in the formation of a germ ring.
Embryo formation began at 9 h: 55 min (Fig. 1H) and by this
time the 3 germ layers were established with the blastopore
closed. The region of the blastopore developed into anus while
mouth developed from a new opening (Fig. 11I). At this stage,

the larval body showed signs of segmentation with the
myomeres making their first appearance. The appearance of
optic vesicles was observed at 13 h:50 min (Fig. 1J). The eye
development reached its peak which was demonstrated by the
transformation of optic vesicles into optic cups and which in
turn induced the formation of lens and its overlying epithelium
develops into corneal layer (Fig. 1K). The larval body devel-
oped the functional circulatory system which was evident by
the heart beat and at this stage it began to separate from the
yolk sac (Fig. 1L). Larval motility began after 14 h: 30 min
and hatching occurred at 14 h 50 min (Fig. IM).The larva
broke out of the capsule by extensive wriggling movements
(Fig. IN) and the hatched out larva (Fig. 10).

Mouth Opening, Complete Yolk Sac and Oil Globule
Absorption

On 1st dph, on hatching the average length and width of yolk
sac were 826.00 +46.00 i (mean + SD) and 451.22 +£20.54 1
(mean + SD). The length of the yolk sac started decreasing
from 826.00 1 (0 h) to 332.29 u at 24 h, and measuring
88.4 u at 48 h and by 72 h, the yolk sac was completely
absorbed. Similarly, the average total length of oil globule at
0 h was120.39 p by 48 h it was to an average size 35.93 p and
was utilized completely by 72 h of post hatch. Changes in yolk
sac length are given(Fig. 2).

Larval Characteristics of P. marcia

Fertilized eggs of P. marcia hatched out within 14-16 h. The
larvae came out of the egg membrane by twitching and
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Fig. 1 (A-O) Egg development of
Pseudanthias marcia. A,
fertlilized egg; B, 2 celled stage;
C, 4 celled stage; D, 8 celled
stage; E, 16 celled stage; F, 32
celled stage; G, morula; H,
blastula; I, gastrula; J, blastophore
nearly closed; K, early embryo
formation; L, optic vesicle
formation; M, larval motility
began; N, hatched larva; O,
hatchling

wriggling movements. Yolk and the oil globules are the endog-
enous nutrient sources of the newly hatched larvae.Yolk-sac
larva, characterized with huge yolk sac (1206.55 +100.02 p)
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and single oil globule (measuring120.39 +17.90 w) located at
the anterior most tip of the yolk sac, were found floating in the
surface layers and appeared transparent with unpigmented
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Changes in yolk sac length from O hr to 72 hours

After hatching hours yolk sac length (un)

0 826

6 824.45

8 737.44

12 582.11

24 332.29
48 88.4

72 yolk exhausted

Fig. 2 Changes in yolk sac length from 0 h to 72 h

eyes, and with the mouth and anus not formed.Pigmentations
began with hatching of egg. Hatchlings developed eight
pigmented areas on the dorsal surface of the larva and one
spot on the posterior tip of the yolk sac at 4 h of post hatching
(Fig. 3a).

On Ist dph pigmentation pattern changed from 4 rows of
pigments to 3 blotches of pigments in a triangular pattern
(Fig. 3b). The anus was formed and appeared elongated.
Eyes were non pigmented and pectoral fin bud formed by
24 h of post hatch.

On 2nd dph, pectoral fin formed and anus became func-
tional. The mouth opened with a mouth gap measuring76—
80 p.The average total length of larvae within 48 h post hatch
was 1852.88 1 and eyes were pigmented (Fig. 3c).

Fig. 3 (a-j) Larval development of Pseudanthias marcia; a, hatchling
with 8 pigment blotches on dorsal side; b, 1 dph larvae with triangular
blotches; ¢, 2nd dph larvae with pectoral fin formation; d, 3 dph larvae
after complete yolk absorption; e, 5 dph larvae (ventral view); f, 10 dph

On 3rd dph, eyes got densely pigmented and pectoral fins
were well developed and the larvae measured 1906 . Yolk
sac and oil globules were completely utilized by 3rd day
(Fig. 3d).

An important event observed during the development of
fishes is the flexion of notochord (Kendall et al. 1984).
Based on this feature, the larval development could be divided
into preflexion, flexion and post flexion stages. Pre-flexion
stage was observed between 4 to 19 dph.

On 5dph, the larva had an average total length of 2.23 mm
with well developed pectoral fin(Fig. 3¢).Anal opening was
elongated.

On 10 dph, the larval body still appeared transparent, with
yellowish pectoral fin and golden yellow coloured gut. The
formation of primordial fin fold was observed and eyes be-
came fluorescent blue in colour. Larvae were mottled with
golden yellow colour on the dorsal side along with intermit-
tent black patches. The larvae swam vertically capturing the
prey (artemia) occupying the entire water column. (Figure 3f).

On 14-15 dph, P.marcia larvae had well developed spiny
dorsal with the 2nd dorsal spine and pelvic spine elongated.
The tip of the spiny dorsal fin had melanophore formation.
Larvae had developed canine teeth and pectoral fins with the
round caudal fin started developing. Opercular or cheek

500 pm

1 mm

larvae; g, 15 dph larvae with elongated 2nd dorsal spine and opercular
spines; h, 20 dph flexion larvae; i, 25 dph larvae; j, 34 dph larvae, settling
stage
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spination started to appear and had 4 spines without any ser-
rations. Angular part of opercle was orange-red in colour
while the nape region had black pigments. Dorsal part of body
became densely packed with melanophores.

On 17 dph, a notch developed between spiny and soft dor-
sal fin. The opercular spines persisted and the caudal fin be-
came rounded in shape. Canine teeth became prominent.
Larvae swam vertically and captured the prey organisms like
Artemia nauplius and copepod adults (Fig. 3 g).

By 20 dph, 2nd dorsal spine and pelvic fin length de-
creased in relative length and the fins appeared normal.
The larvae measured 4.85 mm average total length with
the caudal fin acquires a round shape. Spiny dorsal fin
had black bands. Eyes were fluorescent green in colour.
Fin formula of the larvae was: D — X,16; A-II,10; P-1,5;
Pectoral fin rays —17; Caudal fin rays-29. Pre-opercular
cheek region had 9 spines where the first 3 spines were
small in size, followed by two moderate sized spine (one
above the angular spine which was elongated measuring
2.5 mm in length and one below) and remaining 3 were
small sized spines (Fig. 3 h). Larval body became opaque
with the opercular region having golden-yellow colour. In
P. marcia the flexion stage formed when the larvae mea-
sured 4.85 mm (20 dph). On 21 dph, spiny dorsal fin
started forming with 4 spines (2nd spine elongated) and
resorption of median finfold continued. However, caudal
fin was observed not detached fully from median finfold.

Between 23 and 25dph, the post flexion larval stage
formed, resorption of fin folds were completed. Dorsal
(spiny and soft), anal and caudal fins were fully devel-
oped and separated. Except for the spiny dorsal fin, which
was pigmented with red colouration, all the other fin rays
were transparent without any pigmentation. Preopercle re-
gion was heavily pigmented with red colour, and it ex-
tended to the base of the caudal peduncle region. Larval
metamorphosis began by 25th day when the head and
opercular region of the larvae developed intense pigment
formation (Fig. 3i) and it continued till 34-35 dph during
which the entire body became fully pigmented.
Squamation took place between 25 and 30 dph.

Settlement of the larvae (body length —22 mm) began by
34 dph, during which the nape region of the larvae were mot-
tled with black pigments with a black line extending from
nape region to caudal peduncle. Dorsal spines were pinkish
in colour. Red colour appeared behind the eye region and a
thin red coloured line was seen running parallel to the lateral
line. The dorsal part of the larval body was greenish yellow in
colour while the ventral part was translucent and mottled with
red pigments. Appearance of fin spines and rays were similar
to adults except body colour (Fig. 3j).

The adult colouration of vibrant pink started forming only
after 45-50 days post hatch during which the larvae measured
4243 mm in body length (Fig. 4).
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Discussion

The present study aims to describe the sequential events of
embryonic and larval development of Marcia’s anthias,
P. marcia reared under captive conditions. There is very little
published information on the early development of anthiid
fishes except the first brood stock maturation volitional
spawning, breeding and successful larval rearing of
P. marcia in RAS under captive condition (Anil et al. 2018).

Spawning of P. marcia occurs at evening hours as observed
in many egg scatterers, the eggs were spawned individually
into the water. The pelagic egg stage encompasses a critical
stage in the life-history of many organisms and is prone to
high mortality (Hirst and Lopez-Urrutia 2006). Eggs attached
to substrate are spawned mostly during morning hours and are
less vulnerable to predation as they are deposited in protected
areas and they often receive parental care and these strategies
offer better protection to eggs (Brinley 1939; Myrberg Jr et al.
1967; Goulet 1995; Anil et al. 2012; Rohini Krishna et al.
2016). Hatching time for P. marcia is only 15 h and such fast
hatching helps in reducing the time of the most vulnerable
stage of life history of the fish, which in turn helps them to
escape from predators. From an aquaculture point of view,
short incubation periods leading to the formation of altricial
fish larvae without mouth at hatching or larvae with small
mouth opening and underdeveloped digestive system which
make them difficult to rear under captivity and would require
very small live feed like super small rotifer or copepod nauplii
as done in the present study.

There is no information available regarding the dura-
tion of embryonic development and hatching, larval size
and yolk sac absorption of the species P. marcia of sub
family anthiine. However, the embryonic development
and hatching of many grouper species of family
Serranidae has been reported. The embryonic develop-
ment of a new hybrid Grouper, tiger grouper,
Epinephelus fuscoguttatus x giant Grouper,
E. lanceolatus took 18-19 h after fertilization at 28 °C
temperature and 30 ppt salinity (Chng and Senoo 2008)
whereas in dusky grouper, Epinephelus marginatus it was
reported to last for 30 h at 23 °C(Glamuzina et al. 1998)

10 mm

Fig. 4 Juvenile Pseudanthias marcia(50 dph)
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and 24 h at 25.5 °C in goldblotch grouper, Epinephelus
costae(Glamuzina et al. 2000). Embryonic development
of P. marcia lasts for about 14-16 h at 29 °C temperature
and 35 ppt salinity. The average size egg of P. marcia was
observed in the present study was 617.891+£14.9 pn
(615 pto 661 1) and it could be the smallest egg reported
among serranids. James et al. (1997) reported an average
egg diameter of 757.3 p for camouflage grouper
E. polyphekadion whereas Tamaru et al. (1996) reported
a range of 769—832 u for E. microdon which are among
the smaller sized eggs from serrranids when compared to
many other members of the family (Tucker Jr 1991;
Watanabe et al. 1995). Similarly the average size of
P. marcia hatchling was also found to be smaller
(1206.6 £100.02 p) than those reported for groupers
(1.4-1.98 mm in groupers). Newly hatched larvae of
brown spotted grouper, E. tauvina (Nazar and Hussain
1980) and gold blotch grouper E. costae (Glamuzina
et al. 2000), were 2.25 mm and 1.76 +0.048 mm, respec-
tively, while those reported for dusky grouper,
Epinephelus marginatus (Glamuzina et al. 1998) and
Malabar grouper, E. malabaricus were 1.52+0.07 mm
1.71£0.16 to 1.84+0.10 (Yoseda et al. 2006). But other
characteristics of P Marcia larvae like large yolk sac,
head and body shapes, short intestine tract were similar
to the groupers (Ukawa et al. 1966, Hussain and Higuchi
1980, Lim 1993, Doi et al. 1991, Duray et al. 1997,
Glamuzina et al. 1998, Rasem et al. 1997, Glamuzina
et al. 2000, Leu et al. 2005, Yoseda et al. 2006).

Elongated second dorsal and pelvic spine is characteristic
features of the grouper larvae (E.septemfasciatus) (Kitajima
et al. 1991). Similar findings of well-developed dorsal and
ventral spine was also reported in giant grouper,
E.lanceolatus (Garcia-Ortega et al. 2013) on 14 dph and the
fins acquired normal shape after 38 dph. Like groupers,
P. marcia also had well developed 2nd dorsal spine and pelvic
spine on 1415 days of post hatch though the elongation was
not as much as that reported in groupers and by 34 dph, the
larvae acquired the final fin shape.

In P. marcia notochord flexion stage was completed on
25 dph. Larval metamorphosis began by 25 dph and was
completed around 50 dph with adult coloration. In giant
grouper, Epinephelus lanceolatus metamorphosis began
by 25 dph with head coloration and completed by 38
dph with the formation of entire body pigmentation and
two bands on the posterior part of the body (Garcia-
Ortega et al. 2013).

Information generated in the present study will help to
assess the quality of embryos and standardise the larval
rearing techniques(Brooks et al. 1997;Coward et al. 2002;
Moorhead and Zeng 2010) and also to standardise the
step-by-step procedures to manipulate embryos including
dechorionation, and cell transplantation (Porazinski et al.

2010), extracting embryonic stem (ES) cells (Chen and Ye
2003), to assess the quality of embryos (Brooks et al.
1997;Coward et al. 2002; Moorhead and Zeng 2010) .
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