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MICROBIOLOGY

Effects of temperature and salinity on the
development and survival of the embryos and
zoeae | from the southern surf crab Ovalipes
trimaculatus (Brachyura: Portunidae)

ANTONELA MARTELLI & PEDRO J. BARON

Abstract: Ovalipes trimaculatus is a highly valued fisheries resource with high potential
for aquaculture production. Still, there is need for experimental information to sustain
efficient husbandry practices. In this work we analyze the combined effects of different
thermo-haline conditions on the length of development and survival of embryos (6, 10,
13, 15, 18, 22, 24 °C x 30, 33 %o; 13 °C x 26, 30, 33, 37 %o) and zoeae | (13, 18, 22 °C x 30, 33
%o; 13 °C X 26, 30, 33, 37 %) from individuals sampled in the Atlantic coast of Patagonian.
Among the most relevant results, it was found that the mean length of embryogenesis
decreased from 63 to 19 days with increasing temperatures, but was not affected by
seawater salinity. Mean embryonic survival was significantly lower at the combination of
the highest temperature and salinity tested. Also, it differed between salinity conditions.
Both at 30 and 33%o, the length of the Zoea | stage significantly varied between thermal
treatments, being significantly longer at 13°C. No zoeae | reared at 13 °C survived at 37%o
and mean survival at 26%o halved that of 30-33%.. Results obtained reduce aquaculture

production costs.
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INTRODUCTION

Temperature and salinity are some of the
main modulators of development, growth and
survival of different ontogenetic stages of
marine invertebrates, including the crustaceans
(Anger 2001, Dohle et al. 2004, Scholtz & Wolff
2013). Although temperature produces the most
outstanding effects on the length of embryonic
and larval development, both variables act
together regulating different biochemical
metabolic processes and determining growth
and survival (Giménez & Anger 2001, Hamasaki
2003, Bas et al. 2008, Sainz-Hernandez et al.
2016). Therefore, to fully understand their
synergic effects, experimental work must
be conducted by testing the effects of both

variables simultaneously (Papadopoulos et al.
2006, Fowler et al. 2011).

During larval life, the range of tolerance
of marine crustaceans to those, and other
environmental variables such PCO, in
acidified seawater (Schiffer et al. 2014) or the
concentration of marine pollutants (Lezcano et
al. 2015), fluctuates depending on the species’
life history and the association of the different
ontogenetic stages to particular habitats (Choy
1991, Charmantier 1998, Tankersley & Forward
2007). The length of different larval growth
stages decreases as temperature approaches to
an optimum value (Hamasaki 2003, Luppi et al.
2003, Gong et al. 2015, Ikhwanuddin et al. 2016),
and as it shortens, the accumulated biomass
in each instar diminishes (Anger 2001). Water
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salinity affects larval development rates, survival
and size (Luppi et al. 2003, Castejon et al. 2015,
Ikhwanuddin et al. 2016) while incorporation
or elimination of water and salts compensate
for osmotic gradient between the body tissues
and the surrounding environment (Bas & Spivak
2000).

Manipulation of environmental parameters
is a common practice in hatchery and nursery
facilities, directed to accelerate marine
crustacean larval production and increase
survival and fitness (Allan & Fielder 2004,
Costejon et al. 2015, Gong et al. 2015, Rahman
et al. 2017). However, previous to the design
of this technique it is necessary to count with
information on thermo-haline tolerance ranges
of embryos and larvae, and on the optimum
thermo-haline combinations within these
resulting in the highest growth and survival
(Nurdiani & Zeng 2007). Understanding of
the effects of environmental variables on the
length and success of embryonic and larval
development of marine organisms, on the
other hand, can be used in predictive models
of larval recruitment success useful for fisheries
management and conservation (Baron 2002,
Cinti 2002, Crespi-Abril & Baron 2012).

Ovalipes trimaculatus is a portunid crab
with a wide geographical distribution along the
Atlantic coast of South America, spanning from
Southern Brazil (Severino-Rodrigues et al. 2018)
to San Jorge Gulf (Patagonia) (Vinuesa 2005). Also,
accordingto presently accepted interpretation of
itstaxonomic status, the speciesisdistributed on
the margins of the Southeast Atlantic, Southeast
Pacific, Indian Oceans (Schoeman & Cockcroft
1993), and probably on the South Pacific Ocean
(DiSalvo et al. 1988, Boyko & Liguori 2014). Along
the Atlantic coast of South America, the species
is adapted to average summer and winter
seawater temperatures ranging within 12.9-26.9
°C and 5.9-20.9 °C respectively (Baldoni et al.
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2015). Although, it is found in environments with
typical oceanic water salinities (e.g.,, ~32.9-33.8
psu in Nuevo Gulf, Rivas & Ripa 1993, average
32.8 psu in coastal waters off Argentina, Baldoni
et al. 2015), and it is considered a stenohaline
species (Du Preez & Mclachlan 1984), adults
and megalopae have been observed in Valdivia
River mouth (Los Molinos, Chile; 39° 51" S, 73°
24" W) (Pardo et al. 2020) where the confluence
of riverine and oceanic waters generate an
estuarine condition fluctuating between 27 and
35 psu depending on depth and tidal condition
(Garcés-Vargas et al. 2013). Although no study is
still available on the osmoregulatory physiology
of the species, it can be expected that it acts
as an osmoconformer at such salinity range, as
its congener Ovalipes ocellatus (Birchard et al.
1982). Furthermore, it has been demonstrated
that juveniles show higher growth in captivity at
salinities slightly lower than those typical from
marine environments (Martelli et al. 2019).
While fisheries statistics poorly reflect
its annual landings, recent studies show that
in northern Patagonia captures with similar
proportions of males and females have
increased during the last years (de la Barra 2018),
posing a risk for the reproductive potential of its
populations. Furthermore, due to the high meat
quality, and increasing demand of its products
(Dima et al. 2012, 2014, 2016, Santos et al. 2012),
it is expected that fishing pressure on this
resource will intensify. Albeit Argentina has not
yet developed a dynamic marine aquaculture
industry, several recommendations have been
pointed out for its consolidation, including
the promotion of strategic differentiation of
its products, targeting non-saturated markets
with still low tariff barriers for potential
competitors, and the identification of local
culture species with unsatisfied demand or
having the potential to supply niche markets
(Burguener & Baron 2016). On these regards, not
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only O. trimaculatus stands out as an excellent
option for the development of the local
aquaculture enterprises, but also its culture
might compensate market demands, relieving
the extractive pressure on its populations.

The embryonic development of O.
trimaculatus has been studied at a single
combination of temperature and salinity
(Martelli et al. 2016); still, is necessary to conduct
experimental work to determine the optimal
combined thermo-haline conditions leading to
maximum survival and highest development
rate. On the other hand, even when information
is available on the survival of O. trimaculatus
zoeae | from the Indian Ocean (Algoa Bay, South
Africa) exposed for a brief period (< 24 h) to
several thermo-haline conditions (Du Preez &
McLachlan 1984), neither this information fulfills
the requirements for aquaculture practice
design and larval recruitment modelling, nor its
extrapolation to individuals from populations on
the coasts of South America can be considered
reliable. Based on these considerations, the
objective of this study is to evaluate the
length and success of embryonic and zoeae
| development at different combinations of
temperature and salinity, aiming to generate key
information for the development of hatchery
protocols and use in models of early-life-stage
population dynamics. Also, it is expected that
the results will be useful to complement the
available information on the species life cycle.

MATERIALS AND METHODS

Sample collection and conditioning

A total of 121 O. trimaculatus females holding
masses of newly fecundated eggs in their
pleopods were hand-collected by SCUBA diving
on shallow (2-9-m deep) subtidal sand bottoms
of Nuevo Gulf(42925°S, 64°07'W, Argentina) during
the reproductive season (October-December) of
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2015. Specimens were transported during ~30-m
trips from the beach to the Experimental Marine
Aquarium of the National Patagonian Sci-Tech
Center (CCT CONICET-CENPAT) within plastic
refrigerators, cushioned with fresh macroalgae
to maintain temperature and humidity. At the
time of arrival to the aquarium, specimens were
acclimated in lidded plastic tanks (85 x 85 x 60
cm) containing filtered seawater at 13° + 1°C and
33 + 1%o, simulating the average SST and salinity
conditions through the reproductive season
in Nuevo Gulf (Rivas & Ripa 1989, Dellatorre et
al. 2012), and were provided with continuous
aeration, a layer of macroalgae to use as refuge,
and a 12112 h photoperiod simulating the natural
light cycle at the experimental period. Just
after arrival to the aquarium, embryo samples
were taken from the ovigerous mass of each
female and staged under dissecting microscope
following the scale of embryonic development
developed by Martelli et al. (2016). Ovigerous
females carrying embryos at intermediate or
advanced stages of development were returned
to the wild.

Experimental design

Two sets of experiments were planned to solve
limitationsinaquariatime and space availability.
The first tested the effects of combinations of
seven temperatures (6, 10, 13, 15, 18, 22, 24 °C)
and two salinities (30 and 33%o) on the length
of development and survival of O. trimaculatus
embryos, and of three temperatures (13, 18 and
22 °C) and two salinities (30 and 33%o) on those
of the zoeae | (Table 1). Thermal treatments
in set | included a variety of surface seawater
conditions prevailing in the southern (colder)
to the northern (warmer) limits of the range of
geographical distribution of the species along
the Atlantic coast of South America (Vinuesa
2005, Baldoni et al. 2015, Severino-Rodrigues
et al. 2018), in combination with two salinity
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Table I. Experimental design. Set | of experiments (shadowed cells): Testing length of development, survival
and fitness of embryos (7 temperatures x 2 salinities) and zoeae | (3 temperatures x 2 salinities) of Ovalipes
trimaculatus. Set Il of experiments (thick framed cells): Testing length of development, survival and fitness of
embryos and Zoeae | (1 temperature x & salinities) of Ovalipes trimaculatus.

Temperature (°C)

6 10 13
~ 26 e(7)z(3)
S e(7) e | e(z0)
:T% 33 e (7) e (7) e (7)z(3)
7 37 e(7)z()

15 18 22 24
e (7) e(7)z(3) e (7) e(7)z(3)
e (7) e(7)z(3) e (7) e(7)z(3)

e: embryos; z: zoeae I; numbers in parenthesis indicate replicates in experiments. Each embryo replicate represents 50 embryos
taken from one out of seven different ovigerous females. Each zoeae I replicate includes 100 zoeae | hatching from one out of

three different ovigerous female egg masses.

treatments, including the typical sea surface
salinity (33 %o) on the inner shelf throughout
most of its latitudinal distribution south of the
mouth of La Plata river, and a lower salinity
condition (30%o0) common in shelf waters near
the La Plata and other river mouths (Baldoni
et al. 2015, Fenco Chavesta 2018). The second
set tested the combination of four salinity and
one thermal conditions, and was designed to
establish the effects of saline stress on the
same biological variables as in set | (Table 1).
In this, the lowest salinity (26%.) represented a
condition present in estuaries at the mouth of
the main rivers along the latitudinal distribution
of O. trimaculatus, and the highest salinity
condition (37%.) was slightly higher than that
found in surface seawater at its northernmost
limit (Ferreira et al. 1999).

Ovigerous females carrying embryos at
the first stage of development (Martelli et al.
2016) were placed together in groups of 2 or 3
in 100-liter capacity lidded aquaria (85 x 85 x
60 cm; 2 aquaria per each treatment), provided
with sand bottom, continuous aeration and
refuges, and were feed ad libitum with fresh
Argentinean hake (Merluccius hubbsi) meat.
About 20% of seawater volume in the tanks was

renewed daily, preserving the environmental
variables from each treatment.

Daily, 50-eggs were taken with thin surgical
pincers from the inner ovigerous mass of every
female in each experimental treatment, placed
in seawater on excavated slides and examined
in vivo under an Olympus stereomicroscope
CH30 (Tokyo, Japan) with total magnification
of 100x. Based on changes in morphological
and physiological characters described by
Martelli et al. (2016), the stage of development
and embryonic survival (S) were observed in
the samples every day. Finally, the length of
embryogenesis (L), counted in days from the date
of collection of each ovigerous female carrying
eggs at the first stage of development to the date
of hatching was registered. Also, temperature
necessary to complete the embryogenesis was
estimated as:

i=t,
DAT=> T C,
=1

where DAT is the daily accumulated
temperature, t is the day of fertilization, t, is the
hatching day, and T°Cis the average temperature
(in °C) of each day during embryogenesis,
assuming that fertilization occurred in the day
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of capture of ovigerous females carrying the
embryos (Baron 2002).

Artemia persimilis cysts (Biosima®) were
disinfected with a sodium hypochlorite solution
(5 mg L-1 of active chlorine) for 10 minutes,
washed and incubated in sterile diluted
seawater at 35°C and 15 g L-1 salinity under
2000-lux illumination and continuous aeration
until hatching (Lavens & Sorgeloos 1996).
Newly hatched nauplii were enriched during
24 h with a mix of microalgae composed of
equal proportions of Nannochloropsis oculata,
Tetraselmis suecica, Dunaliella salina, Isochrysis
galbana and Chaetoceros gracilis at a 10° cells
ml" (Chakraborty et al. 2007, Martelli 2018). Three
groups of 100 O. trimaculatus zoeae |, newly
hatched from eggs carried by females held at
33%0 and 13 °C, were separated in individual
beakers to be used as the 3 replicates in each
of the six thermo-haline treatments (13, 18 and
22 °C x 30 and 33%o). Zoeae were fed on 2-4
enriched Artemia nauplii ml™ in addition to a mix
of microalgae in the culture seawater (10° cells
ml™). Every morning the zoeae were transferred
into a new beaker using a 5 ml pipette, counted
and staged based on their total length, presence
of appendages and shape of the eyes, following
the descriptions of Schoeman & Cochroft (1996).
For each treatment, length of the zoea | stage (L,
in days), survival (S) from hatching to the first
moult, and number of zoeae Il (n,,) obtained
from the total number of zoeae | at the beginning
of the experiment, were registered.

Motility was determined as a measure of
larval fitness based on the speed of vertical
displacements (vd, cm seg™) of zoeae | in
response to the light stimulus. After feeding
for five days, 10 zoeae | were randomly chosen
from those in each of the six thermo-haline
treatments (13, 18 and 22 °C = 30 and 33%.), and
placed in a rectangular glass column (15 x 10 x
1 cm height x length x width) previously filled
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with 150 ml of sterilized seawater conditioned
at the same thermo-haline condition as the
larval culture. The column was placed within a
dark box equipped with a white 2000 lumens
led-light set on the top. Taking into account
their observed positive phototaxism and high
photokinesis, each O. trimaculatus zoea | was
left at the bottom of the column and light was
immediately turned on. Time (in seconds) taken
by the zoeae | to displace from the bottom
to the top of the column was registered with
a digital chronometer, and speed of vertical
displacement (vd) was calculated thereafter.
Whenever a zoea did not reach the top after 3
minutes, the experiment was stopped.

Statistical analysis

Two-way and one-way analyses of variance
(ANOVA) were used to test mean differences
between treatments for each variable of all
experiments whenever normality (Kolmogorov-
Smirnov test) and homoscedasticity (Fisher
test) assumptions were fulfilled. A square root
transformation was applied to analyze Vd data.
In all cases, when differences were significant
(P < 0.05), Tukey post hoc tests were used for
treatment comparisons. Differences of slopes
between linear-regression models fitted to
[n-In transformed relationships of length of
embryonic development on temperature were
tested on working spreadsheets following the
procedure developed by Sokal & Rohlf (1995).

RESULTS

Within 6-24 °Cand 30-33%. (Set | of experiments),
the chronology of embryonic development
remained the same in all treatments, following
the pattern described by Martelli et al. (2016).
Mean length of O. trimaculatus embryogenesis
varied with seawater temperature but not
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with salinity (Table II, Figure 1). At the lowest
experimental temperature (6 °C) embryogenesis
lasted up to 63 days, and as temperature
increased to the highest tested value (24 °C)
its length decreased exponentially down to
19 days (Figure 2). The slope of the regression
line of the log-log transformed length of O.
trimaculatus embryogenesis on temperature
was significantly lower (Slopes test, P<0.001) than
that fitted for several other portunids pooled
together, demonstrating that the influence of
temperature on this variable is less marked
than in other members of the family (Figure 2).
Mean DAT necessary to complete the embryonic
developmentdid notshowsignificantdifferences
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between thermal treatments within 10-22 °C
(30%0) | 13-22 °C (33%0) (Figure 1), averaging
54439 (+ 60.43) °C and 50817 (+ 47.61) °C (mean
+ SD) respectively for these ranges. Mean DAT
necessary to complete the embryogenesis of the
species was significantly lower in incubations at
6 °C (30 and 33%o) (Figure 1).

No significant effects of salinity were
observed on the mean survival of embryos
incubated at 33 and 30%o salinity (Table II). For
those incubated at 33%o salinity, mean survival
did not differ between thermal treatments,
exceptfor24°Cwheresignificantly fewerembryos
survived. For embryos incubated at 30%o. salinity
however, significantly higher mean survival was

Table Il. Two-way ANOVA's for different variables of embryos and zoeae of Ovalipes trimaculatus subjected to
different thermo-haline treatments within 6-24 °C and 30-33%o.

FV. sC GL (o} F p
Length of embryogenesis Temp 10663.54 6 1777.26 61.22 <0.0001
Sal 5.99 1 599 0.21 0.6509

Temp*Sal 115.86 6 19.31 0.67 0.6779
Length of Zoea | stage Temp 57.26 1 57.26 87.26 <0.0001
Sal 489.29 2 244.64 372.81 <0.0001
Temp*Sal 21.54 2 10.77 16.41 <0.0001

Embryonic survival Temp 284117 6 405.88 26.88 0.0001
Sal 813 1 813 0.54 0.466

Temp*Sal 499.74 6 99.95 6.62 0.0001

Survival of Zoea | stage Temp 356.78 2 178.39 1.67 0.2286
Sal 18.0 1 18.0 017 0.6884

Temp*Sal 507.0 2 253.5 2.38 01349
nZll Temp 3448.65 2 1724.3 19.56 <0.0001
Sal 2792.93 1 279293 31.68 <0.0001
Temp*Sal 115.02 2 57.54 0.65 <0.0001
vd Temp 0.97 2 0.48 8.33 <0.0001

Sal 2.54 1 2.54 4378 0.005
Temp*Sal 0.20 2 014 249 <0.0001

Note: Bold letters indicate significant differences. nzZll: number of zoeae achieving instar Il relative to the number of zoeae | at
the beginning of the experiment; Vd: speed of vertical displacements of zoeae | (cm seg-1) in response to light stimulus.
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observed at mid-range temperatures (13, 15 and
18 °C) (Figure 3).

The mean length of the O. trimaculatus zoea
| stage was significantly shorter at 18 and 22 °C
than at 13 °C (Table Il, Figure 4). Both at 13 and
18 °C, mean length of zoea | stage was shorter
at 30 than at 33%. salinity (Figure 4). Both at
30 and 33%., nZll was significantly higher at 18
and 22 °C compared to 13 °C (Figure 4). At 13
and 18 °C, mean nZIl was significantly higher
in incubations at 30 than at 33%. salinity. At 18
and 22 °C, mean Dv was significantly higher in
incubations at 30 than at 33%o.. Survival of zoeae
I did not show significant differences between
tested treatments (Table 1), averaging 54.75% +
8.93% (mean + SD).

Forthe combinationsin Set |l of experiments,
salinity had significant effects on all measured
variables except length of embryogenesis
(Table 111). Both embryos and zoeae | displayed
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significantly higher mean survival, nZll and Vd
at 30 and 33%e. salinities compared to 26 and
37%o (Figure 5). No zoea | molted to zoea I
when incubated at 37%o (Figure 6; Table I11). The
30%o salinity treatment resulted in significantly
higher mean nZll than the others (Figure 6). Also,
mean motility (vVd) was significantly higher and
mean length of the zoea | stage was significantly
shorter at this experimental condition (Figure 6).

DISCUSSION

Integration of the results of sets | and Il of
experiments in this work shows that the length
of O. trimaculatus embryogenesis decreases
exponentially as temperature increases from
6° (63 d) to 24 °C (19 d), in agreement with
the pattern observed in Liocarcinus holsatus,
Necora puber, Scylla serrata and other
portunids (Valdés et al. 1991, Hamasaki 2003).

80
750 0. 750
4 =
>
500 E 500 M
S Q
* o
8 g
250 250
0 T T T T T T T 0-
6 10 13 15 18 22 24 6 10 13 15 18 22 24
Temperature (°C) Temperature (°C)
30 33
Salinity (%o)

Figure 1. Length of Ovalipes trimaculatus embryogenesis (L, left Y axis) at different seawater temperature and
salinity conditions and Daily Accumulated Temperature (DAT, right Y axis), representing the sum of daily average
temperatures (°C) from fecundation to hatching. Different letters indicate significant statistical differences
between means using Tuckey tests. Central mark in box plots represent the mean value; upper and lower box
extremes show the inter-quartile range of observed values; whiskers show maximum and minimum observed

values.

An Acad Bras Cienc (2021) 93(Suppl. 3) €20190999 7|16



ANTONELA MARTELLI & PEDRO J. BARON

However, the embryogenesis of O. trimaculatus
is markedly longer than that reported for
most portunids with tropical geographical
distribution, whose broodstocks are cultivated
at higher temperatures, such as Portunus
sanguinolentus (8-11 d at 28-31 °C) (Samuel &
Soundarapandian 2009), P. pelagicus (6-7 d at
28-31 9C) (Soundarapandian & Tamizhazhagan
2009), Scylla serrata (7-9 d at 27-30 °C) (Churchill
2003), S. tranquebarica (8.7 + 0.6 d at 28.2 +
0.2 °C), S. olivacea (8.6 + 0.2 d at 282 + 01 °C)
(Ates et al. 2012) and Arenaeus cribarius (13.5
+21d at 25.0 £ 2.0 °C) (Pinheiro & Franzoso
2002). No significant effect of salinity on the
length of embryogenesis of O. trimaculatus was
detected either between 30 and 33%o (all tested
temperatures) or between 26, 30, 33 and 37%o (13
°C), in contrast to that reported for Callinectes
sapidus, for whom it has been reported that the
embryonic development is briefer at salinity

Ovalipes trimaculatus: EMBRYONIC AND ZOEA CULTURE

conditions lower than normal values from
oceanic waters (Costlow & Bookhout 1959).

Up to present, no information was available
on the thermo-haline range enabling to
complete the embryonic development of O.
trimaculatus. Considering its wide latitudinal
distribution (~47°-24°S) (Vinuesa 2005, Severino-
Rodrigues et al. 2018) and its almost-exclusively-
marine mode of life, experimental temperature
and salinity values tested in this study were
selected based on the hypothesis that the early
life stages of the species are eurythermic and
stenohaline as the juveniles and adults forms
(Du Preez & McLachlan 1984, Martelli et al. 2019).
In agreement, observed embryonic survival
did not significantly differed between thermal
treatments except for warmest condition (i.e.,
24 °C), at which significant temperature-salinity
interaction was observed. Similarly, hatching of
other portunids can be completed at relatively

*  Ovdlipes trimaculatus

o Scylla serrata

& Necora puber

X Liocarcinus holsatus

X Portunus sanguinolentus

= Portunus pelagicus

o Scylla traquetrabrica

°  Scylla olivacea
Arenaeus cribarius

e Callinectes sapidiis

150 ~
[L=22477 e 0lIT
o 100 -
> .
< X
") 4
N . -~
A .
50 -
0 T T T T 1
5 10 15 20 25 30

T°C

Portunids

Figure 2. Length of embryogenesis of portunid crabs (L) at different seawater temperatures. The black solid line
represents an exponential regression model fitted to data on the length of Ovalipes trimaculatus embryogenesis,
and the grey dashed line represents an exponential regression model fitted to data on several other portunids
pooled together (Choy 1991, Samuel & Soundarapandian 2009, Churchill 2003, Ates et al. 2012, Pinheiro & Franzoso
2002, Soundarapandian & Tamizhazhagan 2009, Amsler & George 1984).
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wide temperature ranges, as for example in
C. sapidus (19-29 °C) (Jivoff et al. 2007), and in
Liocarcinus holsatus and Necora puber (8-20 °C)
(Choy 1991). From all thermal conditions applied
in this work, significantly different embryonic
survival between the 30 and 33%. salinity
treatments were observed only at 24 °C.

The osmoregulatory capacity in crustaceans
relates to the presence and activity of the Na"-K’
and HCO,-CL ATPases and carbonic anhydrase
(Bas & Spivak 2000, Fukuda et al. 2017). While
embryos of some species, generally those
living permanently in oceanic waters, are
osmoconformers, others living in environments
with fluctuating salinity conditions develop
osmoregulatory mechanisms (Charmantier
& Charmantier-Daures 2001). Although many
crustaceans acquire an osmoregulatory
capability through the progress of ontogeny,
others display it early in the embryogenesis

120+

abab @ ab a a ab ab ab ab ab

Ovalipes trimaculatus: EMBRYONIC AND ZOEA CULTURE

(Miller et al. 2013, Vazquez et al. 2016). In some
species of decapod crustaceans, osmoconformer
embryos are protected from fluctuating external
salinity by the outer egg membrane maintaining
a hyper-osmotic condition at low salinity
(Charmantier 1998, Stevens 2006). However, there
is also evidence on the osmoregulatory activity
of embryonic tissues/organs, like the ionocytes
in the gills of Astacus leptodactylus, at least in
the last phases of development (Charmantier
& Charmantier-Daures 2001). In this work it
was also observed that embryonic survival
of O. trimaculatus is significantly lower at 26
and 37%. compared to 30 and 33%. (at 13 °C),
suggesting that the osmoregulatory capacity of
the species is low during its embryogenesis, and
that embryos are stenohaline osmoconformers.
Likewise, hatching in some portunid species
occurs in relatively narrow salinity ranges, as in
C. sapidus (20 to 33%o, with an optimum within

100-EQ|_:_' L_I__I

= J

_|o

J

30 33 30 33 30 33 30 33 30 33 30 33 30 33 %

6 10 13

15 18 22 24 oo

Thermo-haline conditions

Figure 3. Survival of Ovalipes trimaculatus embryos incubated at different seawater temperature and salinity
conditions. Different letters indicate significant statistical differences between mean survival (S) in Tuckey tests.
Central mark in box plots represents the mean value; upper and lower box extremes show the inter-quartile range
of observed values; whiskers show maximum and minimum observed values. Shadowed boxes indicate 33%o

salinity treatments.
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23-28%0) (Costlow & Bookhout 1959) and P,
pelagicus (25-45%o; survival >80% only within
30-35%0) (Noorulhudha et al. 2016). However,
other portunids, as for example Liocarcinus
holsatus and Necora puber (20-40%o), seem to
have wider ranges of salinity tolerance during
embryogenesis (Choy 1991). In addition, salinity
conditions during embryogenesis can affect
the survival and duration of larval stages, as
observed in the burrowing crab Neohelice
granulata, whose zoea | display higher initial
carbon and nitrogen reserves, higher survival
and shorter development time to zoea Il when
pre-hatching salinities are set at 15 and 20%o, as
compared to 32%o (Gimenez 2002).

From the perspective of aquaculture, it
is worth to mention that incubations at 30%o
salinity combined with temperatures within 18-
22 °C may shorten the length of development of
O.trimaculatus embryos and zoeae | respectively
by 69% and 44% relative to their length at the
prevailing mean thermo-haline condition during
the reproductive season in the sampling area
(33%0/13 °C). However, considering that DAT (i.e.,
the sum of daily temperatures necessary to
complete the embryonic development) did not
show significant differences between 18-22 °C
and the other thermal treatments applied in this
study (except for 6 °C), it should be considered
that broodstock or larvae incubation at that
condition (i.e., 33%0/13 °C) could result in zero
energy expenditure in thermal regulation during
hatchery operations solely at the expense of a
longer incubation periods. On the other hand,
since DAT showed no significant differences
between most thermal treatments within 10-
24 °C, its overall mean value (43891 + 4619 °C
mean + SD) can be effectively used in modelling
larval recruitment patterns at different locations
of the range of geographical distribution of O.
trimaculatus accounting for seasonal and inter-
annual variations of seawater temperature, as

Ovalipes trimaculatus: EMBRYONIC AND ZOEA CULTURE
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Figure 4. Length of Ovalipes trimaculatus Zoea |
stage (L); number of zoeae achieving instar Il relative
to the number of zoeae | at the beginning of the
experiment (nzll); speed of vertical displacements of
the zoeae | (cm seg-1) in response to light stimulus
(vd) at different seawater temperature and salinity
conditions. Different letters indicate significant
statistical differences between mean L, nzll and vd
in Tuckey tests. Central mark in box plots represents
the mean value; upper and lower box extremes show
inter-quartile range of observed values; whiskers show
maximum and minimum observed values. Shadowed
boxes indicate 33%. salinity treatments.

in previous studies conducted on other marine
invertebrates (Baron 2002, Crespi-Abril & Baron
2012). Nevertheless, it should be considered that
the length of embryogenesis and also DAT may
vary between individuals from populations of
the same species at the extremes of temperature
clines, which may distribute their fatty acide
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reserves in few/larger or many/smaller eggs
as an evolutionary adaptation to local climate
conditions (Rosa et al. 2007).

As observed in this study, length of the
O. trimaculatus zoea | stage was affected by
significant interactive effects of temperature
and salinity. The stage lasted significantly longer
at 33 than 30%. at 13° and 18 °C, but not at 22
OC. At 13 °C the zoea | stage lasted significantly
less at 30%o than at 26 and 33%., and could not
be completed at 37%o. Also, it lasted significantly
longer at 13 °C than 22 °C (both at 30 and 33%o
salinities). In contrast, although Necora puber
zoeae | stage lasts 7 d at 15 °C, and 4 d at 20 °C,
no interaction was observed with salinity (25,
30 and 35%o) (Mene et al. 1991), while both at 25
and 35%e, the Scylla tranquebarica zoeae | stage
lasts 7-8 d at 20 °C, 3 d at 26 °C and 2 d at 32 °C
(Baylon 2013).

Mean survival of O. trimaculatus zoeae |
did not show significant differences between
thermo-haline treatments (13, 18 and 22 °C
combined with 30 and 33%.). However, at 13 °C it
was significantly lower at 26 and 37%. than at 30
and 33%e.. In agreement, zoeae | of O. trimaculatus
from South African coastal waters exposed for
brief (24 h) periods to several thermo-haline
conditions showed optimal survivals at 15-22
oC, still relatively high (280%) at 7 °C (30-35%o),
but did not survived at temperatures above
27.5 °C (Du Preez & McLachlan 1984). Similarly,
zoeae | from Charybdis japonica, exposed to
different thermo-haline treatments during 24 h,
displayed high survival in thermal treatments
within 16-25 °C, still relatively high over a wider
range (280% at 12-33 °C), suggesting that its
eurythermal character could have allowed this
species to expand its distribution beyond its
native range during the last two decades (Fowler
et al. 2011). Also, O. trimaculatus zoeae | from the
coast of South Africa showed negligible or null

Ovalipes trimaculatus: EMBRYONIC AND ZOEA CULTURE

survival at salinities below 20%., were active
within 20-35%0 and 10.5-25 °C, but only showed
high survival (290%) at 10-23 °C/30-35%0 (Du
Preez & MclLachlan 1984). In agreement, zoeae |
of the portunid Charybdis feriata can complete
their development within 20-40%., but with high
survival (2 90%) only at 35%o (70% at 30%o / 55%
at 40%o) (Soundarapandian et al. 2013).

Within the range of thermal treatments
applied in this study, O. trimaculatus zoeae
| showed a marked reduction in the length of
the stage and an increase in motility (vVd) as
temperature and salinity approached to an
optimum (i.e., 18-22°C/30%o), as reported for
crustacean larvae in general (Putro & Fahrian
2015). Also, nZIl was affected by the significant
interaction of temperature and salinity (at least
for 13, 18 and 22 °C combined with 30 and 33%o),
lowest and highest nZIl occurring at 13 °C/33%o
and 18-22 °C/30%. respectively.

Sinceinthe sampling area ofthis study, early
zoeae of O. trimaculatus are found from Oct-Nov
to Feb-Mar, when surface seawater (~33%.) has
temperatures varying within 13-18°C (Dellatorre
et al. 2014), experimental results from this study
should allow accelerating their rearing by a
slight increase of seawater temperature up to
18-22°C and a subtle reduction of salinity down
to 30%0, maintaining high larval fitness and
survival and reducing aquaculture production
costs (Moksnes et al. 2015, Quinitio 2015). Also,
these will provide a deeper understanding of
the life cycle of the species in the sampling
area and along its latitudinal distribution in the
Atlantic coast of South America, useful for the
design of management rules and to develop
numerical models allowing to predict the timing
and success of larval recruitment at a spatio-
temporal scale.
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Table Ill. One-way ANOVA's for different variables registered for the embryonic and first larval stage of Ovalipes
trimaculatus as response to different seawater salinities.

FV. SC GL CcM F P
Embryonic survival 414012 3 1380.04 21.76 <0.0001
Survival of Zoea | stage 1791.38 2 895.69 69.43 0.001
Length of embryogenesis 116 3 0,39 0,61 0,3182
Length of zoea | stage 14.77 2 7.38 7.09 0.0013
nzll 9856.60 3 3285.53 3715 <0.0001
vd 719 3 2.4 47.54 <0.0001

Note: Bold letters indicate significant differences. nZll: number of zoeae achieving instar Il relative to the number of zoeae | at
the beginning of the experiment; Vd: speed of vertical displacements of zoeae | (cm seg-1) in response to light stimulus.
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Figure 5. Ovalipes trimaculatus survival in embryos and zoeae | at different seawater salinity conditions. Different
letters indicate significant statistical differences between mean survival (S) in Tuckey test. Central mark in box

plots represents the mean value; upper and lower box extremes show the inter-quartile range of observed values;
whiskers show maximum and minimum observed values.
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Figure 6. Length of Ovalipes trimaculatus Zoea | stage
(L); speed of vertical displacements of zoeae | (cm
seg-1) in response to light stimulus (Vd); number of
zoeae achieving instar Il relative to the number of
zoeae | at the beginning of the experiments (nzll) at
different salinity conditions. Different letters indicate
significant statistical differences between mean L,
nzll and Dv in Tuckey tests. Central mark in box plots
represents the mean value; upper and lower box
extremes show the inter-quartile range of observed
values; whiskers show maximum and minimum
observed values.
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