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Summary: The embryogenesis of Ovalipes trimaculatus, a member of the highly valued portunid swimming crabs, was stud-
ied under nearly constant temperature (13+1°C), salinity (33) and photoperiod (14 h light:10 h dark) conditions. A five-stage
scale of embryonic development was defined for the species. Time required to complete development averaged 35.7+2.11
days, showing no significant differences between embryos located in inner, middle and outer portions of the egg mass. The
egg chorion was rounded and showed the highest growth in diameter between stages I (morula-blastula-gastrula) and II
(primordium of larval structure) and between stages III (appendage formation) and I'V (eye formation). Results reported here
provide a baseline for optimizing hatchery operations and useful information for management purposes.
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Desarrollo embrionario del cangrejo nadador Ovalipes trimaculatus (Decapoda: Brachyura: Portunoidea)

Resumen: Se estudi6 la embriogénesis del cangrejo nadador Ovalipes trimaculatus, miembro de la familia de portinidos
altamente valorados, bajo condiciones constantes de temperatura (13+1°C), salinidad (33) y fotoperiodo (luz 14h:10h oscuri-
dad). Se defini6 una escala de cinco etapas de desarrollo embrionario para la especie. El tiempo necesario para completar el
desarrollo es de 35.7+2.11 dias, sin mostrar diferencias significativas entre embriones ubicados en porciones interior, media y
exterior de la masa de huevos. Los huevos son esféricos y presentan mayor crecimiento en didmetro entre las etapas I (mérula
- blastula - gastrula) y II (primordio de estructuras larvarias) y entre las etapas III (formacién de apéndices) y IV (formacion
de los ojos). Los resultados aqui presentados proporcionan la base para la optimizacién del cultivo y brindan informacion til
para el manejo de la especie.
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INTRODUCTION account of their export potential and high nutritional
value (Josileen 2011). Since worldwide captures of

Among the brachyurans, portunids stand out as this resource reached their asymptote at 90 million
highly valued fisheries and aquaculture species on tonnes 20 years ago (FAO 2015), unmet demands
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have led to overexploitation of several local resources.
This has promoted research on breeding techniques
to restock overfished areas (Allan and Fielder 2004)
and to enhance production through aquaculture (Allan
and Fielder 2004, Davis et al. 2004b, Heasman and
Fielder 1983, Lindner 2005). While China, Indonesia
and USA report the highest captures worldwide (FAO
2015), India, Micronesia, Philippines and Vietnam are
pillars of the breeding industry, where hatcheries have
achieved efficient development and growth (Catacutan
et al. 2003, Lindner 2005, Quinitio 2009).

Crustaceans show great variability in stages and
total duration of their embryonic development, result-
ing from evolutionary adaptations (Scholtz and Dohle
1996, Dohle et al. 2004, Scholtz and Wolff 2013) and
from physiological modulation by environmental con-
ditions (Hamasaki et al. 2003, Bas et al. 2008). The
knowledge of this part of the ontogeny is not only of
intrinsic scientific interest but also a prerequisite for
developing hatchery and nursery practices (Davis et al.
2004b, Zmora et al. 2005, Quinitio 2009). Also, it can
be used in forecasting temporal patterns of larval pro-
duction for fisheries management purposes (Stevens et
al. 2008). In most species, embryonic development is
one of the phases of the life cycle that are most sensi-
tive to environmental stressors (MacDonald et al. 1988,
Lee et al. 1996), so its characterization under normal
conditions is required to understand their effects.

Although embryogenesis in brachyurans is a contin-
uous process, partition in steps or stages of development,
defined by the most important morphological changes,
is a useful tool for their characterization (Moriyasu
and Lanteigne 1998). The transit through successive
stages of embryonic development includes changes in
both shape and size (Hines 1982). Eggs vary in shape,
from spherical to elliptical, and can change from one
to the other during development (Garcia-Guerrero and
Hendrickx 2004). In studied portunids, eggs sphericity
is maintained throughout development, except in some
species where slight ellipticity is observed at the onset
of eye formation (Samuel and Soundarapandian 2009,
Ates et al. 2012). In some members of this family, the
size of eggs right after spawning is positively correlat-
ed with the size of the progenitor female, but this is not
a general rule (Haddon 1994, Samuel and Soundara-
pandian 2009, Ravi and Manisseri 2013). On the other
hand, egg size increase is an intrinsic ontogenetic pro-
cess occurring gradually through embryogenesis and
culminating at a faster rate at the end of development
(Churchill 2003, Josileen 2011).

The southern surf crab, Ovalipes trimaculatus (de
Haan, 1833), is a portunid with continuous distribution
on the mid-latitude (25-45°S) marine coasts of the
Southern Hemisphere, reported in Argentina, Austra-
lia, Brazil, Chile, Japan, South Africa, Australia, Peru,
Uruguay and some islands of the Indian and Pacific
Oceans (Arnaud et al. 1972, Melo 1996, Alvarez et al.
2009). It is a fast-growing (Bardn, unpublished data),
highly valued species (Dima et al. 2012, 2014), and
therefore a good candidate for local aquaculture. It is
targeted by artisanal fisheries using trawl and seine
nets, baited traps and scuba diving (Boschi 1997), and

is suitable for processing into a diversity of consumer
products (Dima et al. 2009).

Although there is detailed information on most
stages of the O. trimaculatus life cycle (Fenucci and
Boschi 1975, Dellatorre et al. 2014, Vallina et al. 2014),
there is still a knowledge gap on the phase of embryon-
ic development. The aim of this work is to characterize
the morphological changes during embryogenesis, as
well as the duration of the process and the embryon-
ic survival. The results are expected to be useful to
complement the available information on its life cycle,
which will allow the comparison of evolutionary traits
with other related species, and to provide important
knowledge for the design of hatchery practices.

MATERIALS AND METHODS
Specimen collection and experimental design

Twenty-six ovigerous O. trimaculatus females
carrying embryos at the earliest stage of development
(i.e. morula in the first or second cell division) were
hand-collected by SCUBA diving on subtidal sand
bottoms of Nuevo Gulf near the city of Puerto Madryn,
Argentina (42°25'S, 64°07'W) during the reproductive
season (October-December) of 2014. Specimens were
transported to the Experimental Marine Aquarium of
the National Patagonian Centre (CCT CONICET-CEN-
PAT), where they were acclimated in plastics tanks
containing filtered seawater with continuous aeration.
The females were marked using coloured rubber bands
placed around the cephalothorax between the chelipeds
and the first pair of pereiopods, in such a way that these
could not be removed. The maximum widths of their
carapaces and abdomens were measured with a digital
caliper to the nearest 0.1 millimetre at the beginning of
the experiments.

Seawater temperature during embryonic incubation
experiments was set at 13+1°C (mean+sd), simulating
not only the seawater temperature at the time of crab
collection but also the average surface seawater tem-
perature during the reproductive season (Dellatorre
et al. 2012). Salinity was kept at 331 (mean%sd),
resembling typical values from waters of Nuevo Gulf
(Rivas and Ripa 1989), and photoperiod was fixed at
14 h light:10 h dark, emulating the natural light cycle
at the time of experimentation. The crabs were fed fish
meat once a week and 20% of the seawater volume in
the tanks was renewed daily.

To allow important relevant developmental chang-
es to be observed through embryogenesis while min-
imizing animal stress, females were randomly sorted
into three groups in which individual egg masses were
sampled: 1) weekly (n=10); 2) three times per week
(n=10); and 3) once, after hatching (control; n=6). The
control group was used to determine the total dura-
tion of embryonic development without causing any
stress. Taking into account that differences in the rate
of oxygen delivery to embryos could have effects on
their survival and on the duration of embryogenesis
(Fernédndez and Brante 2003), three 210 egg-samples
(i.e. developing embryos) were carefully excised from
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the inner (i.e. deep, near the bases of the pleopods),
middle (i.e. at mid-depth) and outer parts (i.e. on the
external surface) of the egg mass on each sampling.
Eggs were taken using thin surgical forceps, placed in
seawater on excavated slides and examined “in vivo”
under an Olympus stereomicroscope with total magni-
fication of 100x. Based on changes in morphological
and physiological characters such as yolk colour, yolk
content (%), development of appendages, chromato-
phores and eye pigmentation, five stages were defined
to characterize the embryonic development. Represen-
tative morphological features of each of the stages were
photographed using a Nikon D3000 digital camera.

Observations, measurements and calculations

Since preliminary observations showed significant
shrinkage and deformation of eggs preserved in fixing
solutions, all measurements were made on fresh sam-
ples. Fifty eggs from each development stage, ten from
each of five different females, were used for measure-
ments. These eggs were individualized with forceps
under a dissecting stereomicroscope (Olympus CH30)
with total magnification of 10x and photographed
using a Nikon D3000 digital camera. Resulting imag-
es were then processed using the Imagel] program to
obtain three orthogonal measurements of egg diame-
ter. Except for the earliest developmental stage, from
morula to gastrula, these corresponded to the body axes
of embryos: Diameter I (DI, antero-posterior axis),
Diameter II (DII, ventro-dorsal axis), and Diameter
IIT (DIII, latero-lateral axis). Based on these, several
morphometric variables were calculated, including
area (A), volume (V), ellipticity (e) and elongation (E)
as defined by Stevens (2006):

A=mnr?
where r is half of the mean egg diameter;
V=1/6nd,

where d is the mean egg diameter;

Dt

e=
DI
and

_DI-DII
" DI+DII

The standard colour of live embryos was deter-
mined following the Pantone® Colour Formula Guide
(Pantone Inc., Carldtadt, USA) and was recorded as P
followed by the number that represents the code of the
Pantone colour scale.

The relative duration of each embryonic stage
(RDE,) was estimated as

RDE, =2 100,
DE

where DE; is the absolute duration of embryonic stage i
and DE is the total length of embryogenesis.
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Since it has been reported that O. trimaculatus
suffers substantial egg loss during embryonic develop-
ment (Brante et al. 2004), and considering that in many
crustacean species egg cleaning results in the non-
selective detachment of embryos from the egg mass
(Brante et al. 2004), estimation of embryonic mortality
is not straightforward for the species. Instead, based
on the assumption that embryos remain attached to the
egg mass during brief periods after death, “instantane-
ous embryonic mortality” at the end of stage i (EM;)
was estimated as

EM, =100,
T

where D; is the number of dead embryos in a sample
of the egg mass taken at the end of stage i and T is
the total number of eggs in the same sample, including
live and dead embryos. Embryos were considered dead
when yolk had a different colour or texture to those of
its neighbours. In stages II to V, when the embryo was
clearly distinguishable, yolk droplets were smaller and
dispersed around the embryo.

Similarly, instantaneous mortality from the end of
the last stage of embryonic development to the end of
hatching (EM,,) was estimated as

EM, =2100
T

where Dy, is the number of dead embryos found in sam-
ples of the egg mass and T is the total number of eggs,
including broken egg capsules remaining attached to
the pleopods after hatching.

To measure heartbeat frequency of embryos in
an advanced stage of development, the beating of 10
embryos’ hearts was counted for a minute and then
averaged.

Data analysis

When normality (Kolmogorov-Smirnov test) and
homoscedasticity (Fisher test) assumptions were ful-
filled, differences in mean values of different morpho-
metric variables between different stages of embryonic
development were tested using one-way analysis of
variance (ANOVA), followed by post hoc comparisons
between stages using Tukey tests. Otherwise, non-par-
ametric Kruscal-Wallis tests and Dunn post hoc tests
were used. The Spearman correlation test was used to
observe the relation between the carapace width of fe-
males and the dimensions of their eggs.

RESULTS

Ovigerous females used for the incubation experi-
ments ranged from 63.4 to 99.2 mm in carapace width
and 17.2 to 31.5 mm in abdomen width. Optimum egg
sampling frequency to detect important changes dur-
ing embryogenesis was three times a week. Survival of
ovigerous females during the experiments was 100%
for the control group and 90% for the groups of fe-
males whose eggs were sampled weekly and three
times a week.
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Fig. 1. — Morphological changes in the eggs and embryos of Ovalipes trimaculatus during the embryological development stages (stage I,

A1-AS; Stage II, B1-B3; stage III, C1-C4; stage IV, D1-D5; stage IV, E1-E8). Scale bar = 100 um (A1 at D2; D4; E1; E2; E5 and E6). Scale

bar = 50 um (D3; DS5; E3; E4; E6). References: antenna (a’); antennule (a); chromatophores (ct); external cover (ec); eye (e); heart formed

(h); internal cover (ic); maxilla (m”); maxillipeds (mp); maxillule (m); optic globe (op); primordial structures (p); setae (s); telson (t); thorac-
ic-abdominal buds (ta); yolk (y).

Five stages of embryonic development were de-
fined for O. trimaculatus based on several morphologi-
cal characteristics, as described below:

Stage 1

After fertilization, eggs are spherical, 309.76+7.13
um in diameter and intense orange-coloured (P. 123)

(Fig. 1: A1-AS). Two transparent membranes, inner
and outer (Fig. 1: A1), cover the egg, whose volume is
completely occupied by yolk. The external egg cover is
adhesive at spawning and projects into a funiculus that
holds the egg attached to the female’s pleopod setae.
After cell division starts (Fig. 1: A2), slender grooves
delineate polygonal areas on the egg surface, and the
centrolecytic zygote progressively transforms into
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Table 1. — Kruskal-Wallis tests for differences in values of egg morphometric variables between stages of embryonic development of Ovalipes

trimaculatus. RDE, relative duration of embryonic stage; DI-DIII, egg diameters; A, area; V, volume; E, elongation and e, ellipticity. Values

are meanzstandard deviation; n = number of eggs analysed. See detailed description of morphometric dimensions, indexes and colours in the
section of Materials and Methods.

Kruskal-Wallis Test significance

Stage 1 Stage II Stage 111 Stage IV Stage V and p values
RDE (%) 26.76+2.58 22.36+2.76 22.38+2.10 16.19+1.75 13.3x1.29 p<0.01
DI 307.26+9.10 324.26+11.97 328.8+16.92 364.76+18.11 368.36+£15.96 H=176.96; p<0.01
DII 312.26+8.38 329.72+13.17 333.16+14.827 370.36+16.69 376.12+18.89 H=178.34; p<0.01
D III 311.06+7.83 325.4+11.61 330.1+15.47 361.78+19.42 368.16+16.48 H=180.42; p<0.01
A 493.98+11.31 520.48+18.181 552.82+21.52 581.97+£29.21 589.70+22.95 H=183.96; p<0.01
\ 165.54+3.73 174.56+5.85 175.29+6.89 195.80+8.74 197.15+6.29 H=183.96; p<0.01
E 0.008+0.016 0.008+0.017 0.004+0.017 0.007+0.013 0.010+0.016 p=0.4488
e 1.016+0.033 1.017+ 0.036 1.009+0.035 1.016+0.028 1.021+0.034 p=0.4489
Colour P123 P157 P484 P464 P469
n 50 50 50 50 50
morula (Fig. 1: A3), blastula and gastrula. In contrast, Stage IV

in unfertilized eggs the outer cover and the egg yolk
are not in contact (Fig. 1: A1). No organ structures are
observed at this stage, which lasts 9.65+1.01 days, rep-
resenting an RDE of 26.76+2.58% (Table 1).

Stage 11

Eggs are spherical, 326.99+11.17 um in diameter
and orange-coloured (P. 157) (Fig. 1: B1-B3). The
embryonic primordium becomes evident as a trans-
lucent bulge on the egg’s surface at the animal pole
(Fig. 1: B1), which represents the ventral region of
the developing embryo. Rudiments of some embryon-
ic appendages become visible as a long pair of preoral
structures emerging along the antero-posterior axis,
the antennules being the first, followed by a shorter
pair of antennae (Fig. 1: B2). Both appendages are
uniramous and elongated. The posterior thoraco-
abdominal plate has a short, wide projection with its
distal extremity bifurcated into the two lobes of the
forming telson (Fig. 1: B3). The yolk content repre-
sents approximately 90% of the egg volume. Stage
duration is 8.10+0.94 days, which represents an RDE
of 22.36+£2.76% (Table 1).

Stage 111

Eggs are spherical, 331.98+18.38 um in diameter
and dark-red coloured (P. 484) (Fig. 1: C1-C4). The
stage begins when the first three pairs of appendages
(i.e. antennule, antennae and mandible) are formed
(Fig. 1: C3, C4). Developing structures represent ap-
proximately 40%-50% of the egg volume, the rest be-
ing yolk. The antennule and antenna are tube-shaped
structures without setae, growing caudally parallel to
each other while mandibles become comparatively
smaller (Fig. 1: C3, C4). As this stage progresses, ab-
dominal somites and elongated rudiments of the rest of
the appendages form posteriorly. At the distal end of
the abdomen, the telson is biforked, still without setae.
Afterwards, maxillule, maxillae and first and second
maxillipeds form, while crescent-shaped carapace
rudiments appear on the anterior part of the cephalo-
thorax. At the end, four short terminal setae appear on
each telson lobe. The stage lasts 7.83+0.90 days, which
represents an RDE of 22.38+2.10% (Table 1).

Eggs are spherical, 367.56+16.69 um in diameter
and brown-coloured (P. 464).). Pigmented eyes are
first visible (Fig. 1: D1). The antennules are unira-
mous and longer than antennae, displaying two long
terminal setae. The antennae are uniramous and with
two terminal setae. The maxillule and maxilla are uni-
ramous. The optic lobes are well developed, showing
a pigmentation pattern consisting of a dark curved line
growing from the antennule side of the compound eyes
(Figs. 1: D4, D5). The first and second maxillipeds are
biramous, with three terminal setae at the end of the
endopods (Fig. 1: D4). The abdomen grows continu-
ously incorporating segments. In the biforked telson,
four pairs of setae are visible on each lobule (Fig. 1:
D3). At the end, yolk reserves are significantly reduced
to approximately 30% to 40% of the egg volume. Stage
duration is 5.59+0.66 days, which represents an RDE
of 16.19 £1.75% (Table 1).

Stage V

Eggs are spherical, 372.24+16.32 um in diameter
and dark brown-grey coloured (P. 469) (Fig. 1: El-
E8). The yolk is reduced to a few droplets in the dor-
sal part of the embryo and its volume progressively
reduces through this stage while the embryo grows
(Fig. 1: E1). Heartbeat and dorsal spine become first
noticeable and body motion can be observed. Dot-like
pigmented chromatophores appear on the bases of the
mandibles and maxillipeds and on each abdominal
segment (Fig. 1: E2-E8). Pigmentation on the ocular
globe expands and increases while the compound eye
enlarges. A transversal pigmented line appears on the
mouth. At the middle of this stage the eyes are com-
pletely formed and pigmented (Fig. 1: E2). The uni-
ramous antennule displays two terminal setae. The bi-
ramous antenna has a short and wide endopodite with
one seta and an exopodite with two setae. The mouth
has a large chromatophore with horseshoe shape and
spots of pigments on each side of mouth. The first
maxilliped has a chromatophore on the long coxa; its
endopodite and exopodite have two and four terminal
setae, respectively. The second maxilliped displays a
chromatophore on the coxa. The exopodite has four
terminal setae. Neither pereiopods nor pleopods can
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Fig. 2. — Boxplots of three different dimensions of eggs and indexes of egg shape during successive stages of embryonic development of
Ovalipes trimaculatus. Different letters denote significant differences between stages using the Dunn test. Detailed descriptions of egg dimen-
sions and indexes are included in the Material and Methods section.

be observed. The abdomen has five segments, with
the sixth fused to the telson (Fig. 1: E4). All of these
segments have chromatophores on each side. The
biforked telson has six terminal setae on each lobe.
Sporadic motions of the appendages and abdomen
can be observed, becoming more frequent by the time
of hatching. The cardiac frequency is approximately
180.62 per minute. This stage ends just before hatch-
ing, and lasts 4.76+0.42 days, which represents an
RDE of 13.3£1.29%. (Table 1)

When embryonic development completes, females
induce hatching by flapping their abdomens and rhyth-
mically moving their pleopods. Egg hatching starts by
breaking of the chorion in the anterior zone, above the
cephalic part of embryos. Hatching of the entire brood
occurs in a single pulse between the first night and
early morning hours. Empty chorionic membranes stay
adhered to pleopods until the next moult.

Egg sampling frequency had no significant effect on
the total duration of embryogenesis (ANOVA: F=2.81;

SCI. MAR. 80(4), December 2016, 499-509. ISSN-L 0214-8358 doi: http://dx.doi.org/10.3989/scimar.04404.17B



Table 2. — Instantaneous embryonic mortality (EM) of Ovalipes tri-

maculatus at the end of different stages of development and hatch-

ing. H, hatching. Different letters denote significant differences of

post hoc comparisons for each location in all stage of development.

EM values are mean+standard deviation; n = number of samples
with egg mass analysed (10 eggs per sample).

Stage of embryonic EM; (%) EM,;(%) EM, (%)
development (i) Inner middle outer

I 0.00? 0.00? 0.00? 20
1T 0.00? 0.00? 0.00? 20
1 1.00£2.61* 1.42+3.63* 1.45+2.75% 20
v 0.00? 0.00? 0.00? 20
\" 0.25+1.122 0.00? 0.42+2.04¢ 20
H 3.50P 3.50" 350" 10

p=0.083; df=23). The relative position of embryos in
the egg mass (inner, middle or outer) did not signifi-
cantly affect the duration of development (ANOVA;
F=0.14; p=0.8727; df=69), so O. trimaculatus embryo-
genesis is synchronous for all embryos carried by a
single mother. The average total length of embryogen-
esis was 35.7+2.11 days (n=24) from the earliest stages
of development (i.e. 2 or 4—cell morula) to hatching.
To evaluate the survival of embryos, a two-way Kru-
skal-Wallis test for (instantaneous embryonic mortal-
ity) was applied, with relative position of embryos in
the egg mass and stage of embryonic development as
the explaining variables. While significant differences
were found (H=50.59; p<0.01), post hoc comparisons
(Dunn test) revealed that embryonic mortality was
higher at hatching than at the end of each of the stages
of embryonic development, and that position of eggs in
the egg mass had no effects on survival of embryos at
13°C and constant aeration (Table 2).

No significant correlation was found between the di-
mensions of recently extruded (p=0.15) or pre-hatched
(p=0.44) eggs and the carapace width of the brooding
females. Therefore, morphometric data of eggs were
pooled together for comparisons between embryonic
stages. As shown by the elongation (E) and ellipticity
(e) indexes, eggs were spherical and preserved their

Embryology of Ovalipes trimaculatus * 505

shape throughout all developmental stages (Fig. 2; Ta-
ble 1). Increases in egg area (A) and volume (V) were
observed during development, but egg size differences
were significant only in the transition from stage I to II
and from stage III to IV (Table 1).

DISCUSSION

Cellular differentiation in crustacean embryos starts
soon after gastrulation and requires enormous energy
expenditure (Soundarapandian et al. 2013). Some au-
thors consider that the main events of the embryonic
development occur from the onset of cleavage to the
formation of gastrula (Nagao et al. 1999, Miiller et
al. 2003), but changes occurring during this period
are difficult to observe in live eggs without special
techniques. After inward blastoderm migration by
cellular proliferation into the yolk mass (Adiyodi
1988), primordial structures start growing and extend
ventrally, being easy to observe and describe in live
eggs. Therefore, stages of embryonic development of
crustaceans are generally defined based on distinctive
external morphological features such as the proportion
of yolk relative to total embryonic volume, appearance
of the primordium, degree of development of append-
ages, pigmentation of the ocular globe, formation of
chromatophores, and initiation of heartbeat (Nagao et
al. 1999). Although a more detailed description of de-
velopment could have been achieved by characterizing
additional stages of embryonic development, in this
study external characteristics useful for rapid and easy
classification during hatchery operations or population
field studies were used to define developmental stages
based on general criteria used for decapods (Felder et
al. 1985).

Eye formation follows the pattern described for the
crustacean vision ontogeny (Cronin and Jinks 2001).
The general sequence of ontogenic changes observed
during the embryogenesis (Table 3) and the increase
in size and complexity of abdominal and ocular pro-

Table 3. — Comparison of the embryogenesis in several portunid species

Species Embryonic development and mean diameter References
Blastula-cleavage- Primordium Organogenesis-  Chromatophores appear-
gastrula of embryo - eye  pigment appears heartbeat
(mean diameter) placode
. . Spherical shape Spherical shape  Elliptical shape Spherical shape 0.369-0.45 Sundarapandian et al. 2013,
Charybdis feriata 0.298-0.36 mm 40 mm 0.42 mm mm Josileen 2011
Portunus pelagicus Spheric shape Spherical shape Spherical shape Ikhwanuddin et al. 2012,
us pelagt 0.307£0.037 mm  0.386+0.039 mm 0.396+0.033 mm Ravi 2013

P. saneuinolentis Spherical shape Spherical shape  Spherical shape E&}Iigti}gilsfg?g fl 0557hf(:)r16c 4 Samuel and

- sang 0.34 mm 0.41 mm 0.48 mm : Y Sp Soundarapandian 2009

shape 0.73 mm
Spherical shape ~ Spherical shape  Spherical shape  Elliptical shape. 0.65 mm. Samuel and
Scylla serrata 0.34 mm 0.41 mm 0.48 mm Posteriorly spheric shape Soundarapandian 2009,
0.40 mm 0.52 mm 0.60 mm 0.73 mm Ates et al. 2012

S. tranquebarica and Spherical shape Spherical shape  Spherical shape Elliptical shape. 0.65 mm. - Samuel and

- frang P P P P P P Posteriorly spherical shape Soundarapandian 2009,
S. olivacea 0.40 mm 0.52 mm 0.60 mm

0.73 mm Ates et al. 2012
Ovalipes trimaculatus Spherical shape Spherical shape  Spherical shape  Spherical shape 0.65 mm. Du Preez and Mcachlan
P cutant 0.40 mm 0.52 mm 0.60 mm Posteriorly 0.73 mm 1984
. . Spherical shape Spherical shape  Spherical shape Spherical shape .

Ovalipes trimaculatus 3090347 mm 0326 mm 0.367 mm 03720378 mm  L0is study
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cesses of O. trimaculatus are similar to those reported
for other portunids. However, since only external mor-
phological features were used to characterize stages
of embryonic development of species from the group,
further examination based on histology and other tech-
niques could reveal differences in the chronology of
development between species. Also, as observed in
other portunid crabs (Ates et al. 2012 , Ikhwanuddin et
al. 2012, Soundarapandian et al. 2013), in O. trimacu-
latus the embryonic development is synchronous in all
eggs independently of their location in the egg mass.
This pattern could reflect a homogeneous oxygen dis-
tribution to the developing embryos resulting from the
ventilation of egg masses through abdominal flapping
by brooding females, as reported for the species by
Fernandez et al. (2002).

The time required by O. trimaculatus to complete
its embryonic development at 13°C was similar to the
length of embryogenesis reported for other portunids,
such as Liocarcinus depurator (33.4 days), L. holsatus
(32.9 days) and L. pusillus (39.4 days) at a similar ther-
mal regime (12.5°C) (Wear 1974). In most crustaceans,
length of embryonic development is strongly depen-
dent on environmental conditions (Sun and Yu 1989),
and especially on temperature (Heasman and Fielder
1983, Valdes et al. 1991, Garcia-Guerrero et al. 2003).
In Scylla serrata, for example, length of embryonic
development exponentially decreases with increasing
temperature (Hamasaki 2003), while in Necora puber
it varies from 17.6 days at 25°C to 76 days at 10°C
(Valdes et al. 1991). As pointed out by Campbell and
Fielder (1987), in P. sanguinolentus and C. sapidus
salinity also affects the duration of embryonic develop-
ment, with accelerated embryonic development being
observed at salinities below normal values of oceanic
water. Taking this into consideration, the temperature
and salinity conditions selected in this study (13°C and
33.8 days) resemble average conditions experienced by
the species in the study area during the reproductive
season. The results not only contribute to the under-
standing of the species’ life cycle, but can also be con-
sidered in the design of control measures for fisheries
management (e.g. implementation of fisheries bans
during the reproductive season; egg-per-recruit mod-
elling). Nevertheless, embryonic development of the
species at 13°C was markedly longer than that reported
for most portunids produced by aquaculture, typically
incubated at higher temperatures common through their
tropical geographic distributions, such as Portunus
sanguinolentus (8-11 days at 28-31°C) (Samuel and
Soundarapandian 2009), P. pelagicus (6-7 days at 28-
31°C) (Soundarapandian and Tamizhazhagan 2009),
Scylla serrata (7-9 days at 27-30°C) (Churchill 2003),
S. tranquebarica (8.7+0.6 days at 28.2+0.2°C), S. oli-
vacea (8.6+0.2 days at 28.2+0.1°C) (Ates et al. 2012)
and Arenaeus cribarius (13.5+£2.1 days at 25.0+£2.0°C)
(Pinheiro and Franzoso 2002). Further research on O.
trimaculatus should test other combinations of incuba-
tion temperatures, salinities and other environmental
variables to achieve shorter embryonic development
times suitable for competitive hatchery production
while maintaining high embryonic survival.

Along with fecundity measurements, estimates of
embryonic mortality can be used to infer the number of
brooding females necessary to obtain a given amount
of larvae or to anticipate live feed requirements for a
batch of larvae production in hatcheries. Numerous
sources of embryonic mortality are documented for
brachyuran crabs, acting either at oviposition, during
embryogenesis or at hatching (Kuris 1990). Among
others, eggs can fail to attach to female pleopods
(Choy 1988), detach due to mechanical stress (Kuhn
et al. 2011) or die during incubation due to adverse
external conditions such as nitrite concentration devel-
opment in culture systems, poor oxygen availability,
unsuitable salinities and temperatures, embryo preda-
tion, viral, bacterial and fungal diseases, epibionts and
parasites (Balasundaram and Pandian 1982, Harper
and Talbot 1984, Hamasaki et al. 2003). Also, mortal-
ity may be the result of unsuccessful fertilization of
some eggs of a clutch (Choy 1988). Only accounting
for mechanical stress, O. trimaculatus can lose up to
56.7% of its developing embryos (Brante et. al. 2004).
Therefore, since “instantaneous mortality” estima-
tions reported here do not account for mechanical
egg loss, they should not be taken as absolute figures,
but only used to compare embryonic mortality due to
physiological stress between stages of development.
Although a slight increase in instantaneous embryonic
mortality was noted starting from stage III, the most
noticeable mortality was observed during the hatching
process (Table 2). This suggest that embryos should be
treated gently during the final stages of development,
especially at hatching, as indicated for other portunid
crabs, Charybdis feriata (Sundarapandian et al. 2013)
and Scylla serrata (Davis 2004a).

Eggs of portunid species show variations in size
(Wear 1974). Positive relationships between female
body size and egg size have been reported for several
species within the group, including Ovalipes catharus
(Haddon 1994) and Portunus pelagicus (Ravi and
Manisseri 2013). In contrast, in this study no signifi-
cant relationship was found between these variables, as
has also been observed in S. serrata (Churchill 2003),
Charybdis feriata (Soundarapandian et al. 2013) and
some species of Cancer (Hines 1991).

As the embryos of O. trimaculatus develop, egg
size increases gradually, reaching maximum dimen-
sions by the time of hatching. Increases in egg volume
and area recorded in this study are similar to those
reported for other portunids (Fig. 2, Table 3), but are
moderate in comparison to some species, whose eggs
can double their volume at the end of embryonic de-
velopment (Soundarapandian et al. 2013, Ates et al.
2012). In general, eggs of benthic marine decapods
increase their initial water content by 33-40% dur-
ing embryonic development (Stella et al. 1996).
During the first stages of embryogenesis, yolk catabo-
lism increases the amount of free metabolites provid-
ing the energy required for the formation of tissues,
so more water, and consequently more volume, is re-
quired for solvation (Stella et al. 1996). Also, progres-
sive intake and retention of water are necessary during
metabolic reactions of lipid oxidation (Pandian 1967,
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Lardies and Wehrtmann 1997). At the final stages of
development, egg volume increments are more closely
related to the rise of internal osmotic pressure, which
generates more water intake, and to the simultaneous
or independent mechanisms that allow movements of
the embryos aimed at tearing the chorion and initiat-
ing hatching (Davis 1965, Lardies and Wehrtmann
1997, Pandian 1967). In O. trimaculatus in particular,
marked increments in egg dimensions were observed
between stages I and II, when the thoracic-abdominal
plate and the primordium of the embryo start forming
appendages and grow, requiring extra space within the
egg. Also, a pronounced increase in egg dimensions
was observed in the transition from stages III to IV,
when embryogenesis completes and formed embryos
enlarge their appendages. Moreover, these differences
are statistically significant (Fig. 2). In regard to shape
variations, eggs of O. trimaculatus remain spherical
throughout embryonic development, showing near-
to-zero elongation index values in all stages of devel-
opment, just like the eggs of most brachyuran crabs
(Hines 1982, Yamaguchi 2001, Pinheiro and Hattori
2003), including those from the closely related Ovali-
pes catharus (Haddon 1994, Ravi and Manisseri 2013).

It is known that in marine organisms, including
crustaceans, pigment content determines egg quality to
a great extent due to its critical role in many metabolic
processes, including egg respiration and vitamin A
production, its protective action against the effects of
oxygen, UV and ionizing radiation, and its function in
gene expression, among others (Craik 1985, Kalinina
et al. 2009, Wade et al. 2015). Egg colour progression
throughout embryogenesis is common in crustaceans,
and in general terms it reflects the initial consumption
of typically yellow or orange-coloured yolk, super-
imposed on the production of red-, brown- and grey-
coloured pigments on chromatophores and eyes dur-
ing advanced stages (Sigana 2002, Parimalam 2001).
Although this pattern of colour change throughout
development has been reported in studies conducted
on other portunid species (Ravi and Manisseri 2013),
to our knowledge there are no objective colour clas-
sifications (with the Pantone® Colour Formula Guide),
as reported in this study.

This work provides the first information on the em-
bryogenesis of O. trimaculatus. Although experimen-
tal results were obtained from incubations at a single
combination of temperature and salinity, they represent
a necessary step preceding studies aimed at under-
standing the effects of environmental variables on em-
bryogenesis. Further experimental work is necessary
to optimize hatchery practices and to supplement the
pre-existing knowledge on the life cycle of the species
in the wild, for management purposes.
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