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ABSTRACT

Pachygrapsus transversus is an abundant crab in the intertidal ecosystems in tropical and
subtropical coast of Atlantic and Pacific Ocean. In tropical regions has a continuous breeding.
This study aims to investigate the fecundity and egg volume of P. transversus in a subtropical
region (Torres, Rio Grande do Sul, Brazil) in two seasons. Ovigerous females were sampled in
summer and autumn 2019 at Praia Prainha sited in Rio Grande do Sul. In the laboratory they
were identified, measured in relation to carapace width, and the eggs were classified according
to their development stages, counted and measured. The main results were: fecundity was
correlated positively with the size of the female (»=0.5898, p-value < 0.05); females produced
eggs in both seasons presenting the highest fecundities in summer; the egg volume was higher
in autumn (p-value < 0.05) and was larger than those found in lower latitudes; the egg volume
increased during its development and it was not detected egg loss. Thus, as expected, the
reproduction of P. transversus presented seasonal and latitudinal differences, these differences
are attributed to the environmental conditions. Moreover, some females were carrying larvae in
the abdomen providing additional parental care to the brood. Apparently, this is the first case
reported in Pachygrapsus. It is important to continue researching on reproductive aspects of P.

transversus in all seasons in the south of Brazil, since it has not been studied yet.

Key words: Atlantic Ocean, Brazil, reproduction, latitude, seasonality



RESUMO

Pachygrapsus transversus € um caranguejo abundante nos sistemas intertidais na costa tropical
do Atlantico. Nas regides tropicais apresenta reproducao continua ao longo do ano. O objetivo
deste estudo foi investigar a fecundidade e o volume de ovos de P. transversus na regido
subtropical (Torres, Rio Grande do Sul, Brazil) em duas esta¢cBes do ano. Fémeas ovigeras
foram amostradas no verédo e outono de 2019 na Praia Prainha em Torres. No laboratorio elas
foram identificadas, medidas quanto a largura da carapaca, € os ovos foram divididos em
estagios de desenvolvimento, contados e medidos. Os principais resultados foram: a
fecundidade foi positivamente correlacionada com o tamanho da fémea (»=0.5898, p-value <
0.05); fémeas produziram ovos nas duas estacdes, sendo os maiores valores encontrados no
verdo; o volume dos ovos foi maior no outono (p-value < 0.05) e foram maiores que aqueles
encontrados em latitudes menores; durante o desenvolvimento, o volume dos ovos aumentou e
ndo foi detectada perda de ovos. Assim, como esperado, a reproducdo de P. transversus
apresentou diferencas sazonais e latitudinais, estas diferencas sdo atribuidas a condicfes
ambientais. Além disso, algumas fémeas estavam carregando larvas no abdémen provendo um
cuidado parental adicional para a prole. Aparentemente, este é o primeiro caso reportado para
Pachygrapsus. E importante continuar pesquisando os aspectos reprodutivos do P. transversus
em todas as estagdes do sul do Brasil, uma vez que ainda ndo foi estudado.

Palavras-chave: Oceano Atlantico, Brasil, reproducao, latitude, sazonalidade
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Fecundity and egg volume of the shore crab Pachygrapsus
transversus (Gibbes, 1850) (Decapoda: Grapsidae) in Rio
Grande do Sul

INTRODUCTION

Pachygrapsus transversus

The infraorder Brachyura, known as one of the most diversified aquatic invertebrate taxa,
contains all true crabs and is composed of over 7250 species in 104 families (DAVIE et al.,
2015; MA et al., 2019). Grapsidae, commonly known as shore crabs, is one of these families
and it has 8 genera with 40 species (NG et al., 2008; IP et al., 2015). One of these genera is
Pachygrapsus Randall, 1840, with 14 species distributed worldwide (POUPIN et al., 2005).

The brachyuran crab analyzed in this study was Pachygrapsus transversus (Gibbes,
1950), this species occurs over a wide geographic range: western Atlantic from USA (North
Carolina) to Uruguay (Montevideo) including some islands from Caribbean Sea and Bermuda,
eastern Atlantic from South Portugal to Namibia including Canary Islands, Madeira and Cape
Verde Islands, Mediterranean Sea, and Denmark (Copenhagen, introduced) (RATHBUN, 1918;
CHRISTIANSEN, 1969; MANNING & HOLTHUIS, 1981; WILLIAMS, 1984; MELO, 1996;
SCHUBART et al., 2005).

Pachygrapsus transversus is an abundant species in the intertidal zone in tropical and
subtropical regions of the Brazilian coast (FLORES & NEGREIROS-FRANSOZO, 1999). This
species occurs on rocky surface, climbing over them just above or below the water surface
feeding or hide in crevices (HARTNOLL, 1965; FLORES & NEGREIROS-FRANSOZO,
1999). It can also be found in association to biogenic substrata, specifically sand reefs built by
the sabellariid polychaeta Phragmatopoma caudata Krgyer in Morch, 1863 and mussel beds
formed by Mytilaster solisianus (d'Orbigny, 1842) (FLORES & NEGREIROS-FRANSOZO,
1999; BOSA & MASUNARI, 2002). These substrata may provide shelter and food resources
for the associated fauna (HECK & HAMBROOK, 1991, THIEL & ULLRICH, 2002). Those
reefs may hold very dense aggregations of young grapsids (SPIVAK et al., 1994) where they
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find shelter in empty polychaeta tubes or other small refuges originated from the
hydrodynamism (FLORES & NEGREIROS-FRANSOZO, 1999).

Pachygrapsus transversus is not only one of the most abundant grapsids on the Brazilian
coastline but is also considered a key species in intertidal ecosystems. This is an omnivorous
species, feeding on both animal and algae (OGAWA, 1977), and it may impact the structure of
rocky shore assemblages (CHRISTOFOLETTI et al., 2010). Similarly, it participates in other
food and energy chains both marine and terrestrial as it can be consumed by other species like
fish, birds, racoons (ABELE et al., 1986) or frogs (SAZIMA, 1971).

Reproduction

After fertilization, brachyuran species carry the eggs attached to pleopods forming a mass
of eggs (COBO & OKAMARI, 2008; TEIXEIRA et al., 2017). They protect the eggs long
enough during their development, investing large amounts of energy in brood care so that the
egg contains all the required nutrients (WEAR 1974; FERNANDEZ et al., 2000).

Studies related to the fecundity of organisms provide us with a great deal of information
on animal populations in order to better understand their reproductive strategies and how the
population evolves (GARCIA-MONTES et al., 1987). In some decapods, fecundity is measured
by the number of eggs produced and is directly related to the size of the animal (HINES 1982,
COREY & REID, 1991; MANTELATTO & FRANSOZO, 1997). Egg production and egg
development is limited, in part, by climatic conditions, especially in species inhabiting more
extreme environments (COBO & OKAMARI, 2008).

The number of eggs is also influenced by factors such as the stage of development of the
embryo (GARDNER, 1997; TUCK et al., 2000). In most Pleocyemata, the size of the eggs
increases as the egg develops, occupying all available space (WEAR, 1970; WEAR 1974;
JONES & SIMONS, 1983; LARDIES & CASTILLA, 2001) consequently, the number of eggs
decreases throughout the incubation (OTTO et al., 1989; PEREZ, 1990; REID & COREY,
1991; NORMAN & JONES, 1993; LUPPI et al., 1998; COMEAU et al., 1999). Moreover, the
largest and therefore most nutrient-rich eggs will be found at higher latitudes (CLARKE, 1979;
LARDIES & WEHRTHMANN, 2001; TEROSSI et al., 2010). This trend that relates the size
of eggs with the latitudes is known as Thorson's rule (MILEYKOVSKY, 1971) and it is



considered as an adaptation to protect the eggs to the low temperatures during the incubation

period.

Knowing the reproduction patterns of the inhabitants of rocky coasts is fundamental to
better understand when they reproduce, fecundity, larval dynamics, movements of zoeas and
recruitment of megalopes and juvenile crabs in the system. Two breeding patterns are known
in Brachyura (WENNER et al., 1974; SASTRY, 1983), the first, continuous, when they can
produce eggs throughout the year. This would be the case for tropical crustaceans, as the
temperature of the water is quite constant. The second, seasonally, only they produce eggs in a
few months indicated, when the environment is favorable for the larvae to survive. This would
be the case in temperate regions, as an adaptation of species to environmental conditions and
the seasonal temperature variation. Therefore, reproduction usually will be continuous at lower
latitudes, and, as latitude increases, the reproductive period will be restricted to times when
water temperature is higher (WENNER et al., 1974; SASTRY, 1983).

In the case of P. transversus, in temperate regions it has been seen to have seasonal
reproduction, it reproduces in some months of the year, for example, in the eastern
Mediterranean Sea, from May to September (ARAB et al., 2015), Pachygrapsus marmoratus
have also seasonal reproduction with higher proportions in summer in the southern Black Sea,
Turkey (AYDIN et al., 2014). On the other hand, in southeastern Brazil (Ubatuba, SP),
ovigerous females of P. transversus are found throughout the year, with more egg production
in the summer (December to February) (FLORES & NEGREIROS-FRANSOZO, 1998, 1999).

The studies of Pachygrapsus transversus egg production in Brazil are in Cearda (OGAWA
& ROCHA, 1976), Pernambuco (CAMARA DE ARAUJO et al., 2016), Rio de Janeiro
(CAMPQOS & OSHIRO, 2001) and S&o Paulo (FLORES & NEGREIROS-FRANSOZO, 1997).
In other countries, there are studies in Panama (ABELE et al., 1986), eastern Mediterranean
(ARAB et al., 2015) and Jamaica (HARTNOLL, 1965). Although it has a wide distribution,
and being one of the most important grapsids in the rocky coast because of its great abundance

and interaction in the trophic network, still

The aim of this study is to know more about the egg production of Pachygrapsus
transversus in Torres, state of Rio Grande do Sul, Brazil, this is the southernmost study area

analyzed so far. The specific objectives are:



1) Analyze if there is a seasonal difference in the fecundity of P. transversus comparing
between two seasons (summer and autumn);
2) Compare the egg number and size among the stages of development;

3) Compare the fecundity and egg size with other studies done in other latitudes with the same

species.
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METHODS AND MATERIALS

Study area

The study was conducted in Praia Prainha sited in Torres, state of Rio Grande do Sul,
Brazil (29°20'40.1"S 49°43'36.1"W) (Figure 1). Ovigerous females of the genus Pachygrapsus
were collected during the low tide in the intertidal zone in summer (February) and autumn
(May) 2019. The water temperature was measured with a thermometer at time of collection
being 24°C in summer and 22°C in autumn.

54°0'0 48°0'0 46°0'0
1 ! !

SANTA CATARINA

TORRES

RIO GRANDE DO SUL

305 f

33005 -

ATLANTIC OCEAN

0 100 200 300 km

Figure 1 - Localization of the study area in Torres, Rio Grande do Sul.
Sampling and laboratory analysis

The crabs were obtained mostly in Phragmatopoma reefs in the rocks using a knife to
break small parts of the reef, followed by visual inspection for crabs inhabiting small crevices.
The initial purpose was sampled approximately 60 ovigerous females in each season. After
collected, the crabs were put in little individual bags to transport to laboratory, where they were

frozen.
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The specimens were identified according POUPIN et al. (2005) and the carapace width
(CW) was measured with a digital caliper rule to the nearest 0.01 mm (Figure 2).

Figure 2 — Pachygrapsus transversus. Representation of the carapace width (22.5 mm - CW). (Modified from
POUPIN et al. 2005).

The egg batch was carefully extracted from the pleopods and put it in a quadriculate petri
dish to count all the eggs with a manual counter under stereomicroscope. The development of
the eggs was subdivided into three different stages according to WEHRTMANN (1990)
(Figure 3): 1. uniform yolk; Il. eye pigment barely visible; Il1. eyes clearly visible, abdomen
free. Some females were found with larvae attached to the pleopods (Figure 3). To analyze the

fecundity, only eggs in the first stage of development were considered (HARTNOLL, 2006).

Of a total of 15 eggs randomly chosen from each female were measured the maximum
and the minimum axis with a camera lucida in order to calculate the total volume using the
formula for oblate spheroid according to TURNER & LAWRENCE (1979):

v =1 x (a1)?x(a2)/6

Where v=volume (mm?®), a; = maximum axis, a; = minimum axis.
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Figure 3 - Eggs in stages I, Il and 111, and larvae, collected in Torres, RS. Scale = 0.25 mm

Data analysis

To test the normality of the data (female size, egg number and egg volume) it was done

Kolmogorov Smirnov-test for both samples using a=0.05.

The CW between seasons were compared with a Kruskal-Wallis test. In order to better
represent the results, it was done a boxplot.

The relationship between female size and fecundity and between the female size and egg

volume was tested using correlation tests.
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It was done a one-way ANCOVA to test the differences of the number of eggs in each
stage of the egg between the two studied seasons (summer and autumn 2019) using as a
covariable the CW and a=0.01 To see the differences between the egg volume between the two
studied months in each stage it was done a Kruskal-Wallis test (¢=0.05). To represent the
results, two linear regressions were done to see the relation between the number of eggs and the
CW of the females, and to see the relation between the size of the egg and the CW of the female.

With the aim to see if there was egg loss various one-way ANCOVA were done to test
the differences between all the stages of the egg development in the two studied seasons
(summer and autumn 2019), using CW as a covariable and a=0.01. For the increasing egg
volume, Kruskal-Wallis test were done (0=0.05). The representation used in this case were

bargraphs.

For every ANCOVA it was tested the homogeneity of variances with a Bartlett test. The
data didn’t follow the homoscedasticity, even with transformation, consequently, to do the tests
it was used 0=0.01. Also, it was tested the homogeneity of regressions to see the differences

between the slopes.

Test and representations were done with VassarStats, the statistical program R (version
3.3.3) and Microsoft® Office Excel.
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RESULTS

Ovigerous females

A total of 113 ovigerous females were sampled, 64 in summer and 49 in autumn. Both

samples follow a normal distribution (February: D=0.087896, p-value=0.673, May:
D=0.12413, p-value=0.4371). There were no differences in the CW sizes between the studied

seasons (H=6.3482, p-value=0.1175) (Table 1, Figure 4). In summer, females were found

distributed among all size classes, being the most abundant class, with 13 females, between

9.20 and 10.59 mm, while in autumn, the sizes were concentrated on a smaller range, being the

most abundant, with 15 females, between 10.60 and 11.99 mm (Figure 5). The biggest female

was found in summer, reaching almost 17 mm.

Table 1 - Carapace width (CW - mm) of the ovigerous females reported in summer and autumn 2019 (mean+
standard deviation, minimum value-maximum value)

SEASON n CW (mm)
summer 64 10.891-2.66

6.42 0 16.88

12.231-1.55

utumn 9 9.09 to 15.33

16

14
|

12

CW (mm)

10

|
R S—

T
Summer

T
Autumn

Figure 4 - Comparison of the size of the carapace width (CW - mm) between summer and autumn 2019. The black
point represents the mean, and the black line the median of the population.

15



mSUMMER

OALUTUMM

[
(=
1

M* ovigerous females
o oa
1 1

.
1

[ o}
1

sl B N | N

6.4-7.74 7.8919 92-1058 1061199 12-13.39 1341479 1481619 16.2-17.59

Categories of CW sizes (mm)

Figure 5 - Number of ovigerous females separated into categories of different sizes of the carapace width (CW -
mm) collected in summer and autumn 2019.

Fecundity and egg volume

The data, both in number of eggs and volume of eggs, follow a normal distribution in the
two months studied (Table 2).

Fecundity, the number of eggs in stage I, was significantly correlated with the size of the
female with a 58.98% (t=5.2163, p-value=3.357E-06, p=0.5898).

Fecundity ranged from 828 to 10487 in summer, while in autumn it ranged from 693 to
3006 (Table 3). Comparing the two regression lines (Table 4, Figure 6A), they have
significantly different slopes (F=6.87, p-value=0.0116), probably influenced by the difference
of size females between the months, then with the influence of the covariable, as the regressions
are not homogeny and it cannot be possible detect in which season the egg production is higher.
Even that graphically, there is a tendency with fecundity being higher in summer than in

autumn.

The volume of the eggs wasn’t related significantly with the size of the ovigerous females
(t=0.45401, p-value=0.6543).
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In the case of the volume of eggs of the first stage, varied from 0.0069 to 0.011 mm? in
summer while in autumn was from 0.0073 to 0.0144 mm? (Table 3). The volume of eggs found
in autumn is significantly higher than in summer (H=25.392, P-value=5E-07) (Table 4, Figure
6B).

Table 2 - Results of the Kolmogorov Smirnov-test to test the normality of the data (bold: significant; *partially
significant)

n° eggs Egg volume
summer D =0.20104 D =0.10178
P-value = 0.167 P-value = 0.8951
stage |
autumn D =0.11542 D =0.098862
P-value = 0.9065 P-value = 0.9731
summer D =0.15107 D =0.16111
P-value = 0.9095 P-value = 0.8664
stage Il
autumn D =0.38314 D =0.3202
P-value = 0.3569 P-value = 0.5842
summer D =0.34895 D =0.10888
P-value = 0.04995* P-value = 0.9899
stage 111
D =0.1683 D =0.13986
autumn P-value = 0.6609 P-value = 0.8492

Table 3 - Number and volume of the eggs of the ovigerous females reported in summer and autumn 2019 (mean
~standard deviation, minimum value-maximum value).

summer autumn
Egg volume 3
0 o

n n° eggs (mmd) n n° eggs Egg volume (mm?)
stage | 29 2952+-2335 0.0089+-0.0009 24 17224671 0.0112+.0.0018
g 828 - 10487 0.0069 - 0.0110 693-3006 0.0073 - 0.0144
stage 11 | 12 2003+1214 0.0105+.0.0019 5 1395+597 0.0130+.0.0011
g 246 - 4645 0.0119 - 0.0153 1033 - 2452 0.0119 - 0.0148
stage I | 14 141611367 0.0114+-0.0022 17 13174752 0.0154+-0.0024
g 512 - 5932 0.008 - 0.0159 527 - 3601 0.0125 - 0.0219
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Figure 6 - Lineal regression between (A) fecundity (number of eggs in stage 1) and (B) egg volume (mm?3) in stage

I with the carapace width (CW - mm) in both studied seasons (summer and autumn 2019).

Table 4 - Results of the tests done comparing the number of eggs (ANCOVA) and the egg volume (Kruskal-
Wallis) in each stage of the egg between the two studied seasons (summer and autumn 2019, bold = significant,
*partially significant, (¢=0.01 for ANCOVA, 0=0.05 for Kruskal-Wallis).

stage |

stage Il

stage 111

Homogeneity of
regressions

F=6.87
P-value = 0.0116*

F=0.08
P-value = 0.7852

F=14.74
P-value = 0.0007

n° eggs
F=45.33 F=274 F=238.44
ANCOVA P-value = 2E-08 P-value = 0.1203 P-value = 1E-06
egg i . H=25.392 H=6.4 H=15.756
volume Kruskal-Wallis P-value=5E-07 P-value=0.1141 P-value=7E-05
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Parental care

A curiosity not previously reported in Pachygrapsus, were the cases of extended parental
care found in twelve crabs (10.6%), nine individuals in summer and three in autumn. At the
time of counting the eggs of the females, it was seen that in the abdomen they possessed the

first larvae (Figure 3), these females were excluded of the egg development analysis.

Egg loss and increased egg volume

Both in summer and autumn there is a visual loss of eggs between the stages comparing
the medias (Figure 7). The total egg loss from the first stage until the last one was of 52% in
summer and 23.5% in autumn (Table 5). Statistically, there wasn’t significant egg loss between

any stages even though we see the percentage of loss is quite high.

In the case of volumes, the size of the egg increases as it develops. In summer, this
difference in volume is significant in the change from stage | to Ill, the volume increases by
28.7%, being significantly higher in 111 (H=12.062, p-value=5E-04). For autumn, the volume
increased by 37.5%, there are significant differences between all stages, in general, from stage
| to 111 (H=23.198, p-value=1E-06) (Table 6, Figure 8).

4000
& SUMMER
& AUTUMN
3000 ®
(]
o
o
L] J—
o —_
2000 { [
® [
10004
stage | stage ll stage lll

Figure 7 - Representation of the differences of the egg number among stages in the studied months.
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Figure 8 - Representation of the differences of the egg volume among stages in the studied seasons.

Table 5 - Results of the test ANCOVA and percentage of the egg loss between phases and comparing in the two

studied seasons (summer and autumn), bold=significant, *partially significant (¢=0.01).

%

32.2

29.3

52.0

Homogeneity of

F =10.60

F =6.68

F=0.58

SUMMER regressions P-value = 0.0024 P-value = 0.0165* P-value = 0.4505
F=10.99 F=1.16 F=1.00
ANCOVA P-value = 0.002 P-value = 0.2925 P-value = 0.3244
% 19.0 5.6 235
Homogeneity of F=0.67 F=0.89 F=0.07
AUTUMN P-value = 0.3578 P-value = 0.7904

regressions

P-value = 0.4214

ANCOVA

F=276
P-value = 0.1084

F=0.29
P-value = 0.5985

F=239
P-value = 0.1306
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Table 6 - Results of the Kruskal-Wallis test and percentage of the increased egg volume between phases and

comparing in the two studied seasons (summer and autumn), bold=significant (0¢=0.05).

% 19.1 6.5 28.1
SUMMER
sl H=8.0468 H=1.3995 H=12.062
ruskal-Watlls -1 value=0.0045587 p-value=0.2368 p-value=5E-04
% 16.3 18.3 37.5
AUTUMN
e H=5.3346 H=5.71 H=23.198
ruskal-wallis p-value=0.02091 p-value=0.01687 p-value=1E-06

21



DISCUSSION

Ovigerous females

It worth to mention that, at the time of collection, it was much easier to find ovigerous
females in summer than in autumn, so it was difficult to make the size of the populations equal

in both seasons.

The mean of CW agrees with other studies carried out with P. transversus, however, the
range of sizes in this study is shorter compared to others where specimens of 20 mm have been
found in tropical zones and up to 21 mm in temperate zones. This may be related to the trend
found in several studies with crustaceans that shows an increase in the size of the individual
with latitude (ATKINSON & SIBLY, 1997; ROY & MARTIEN, 2001; MEIRI & DAYAN,
2003, HIROSE et al., 2013). Following this theory, in Torres, RS we would expect to find larger
individuals than in studies conducted at lower latitudes, but this evidence is not yet very clear.
To better understand these results, it would be good to conduct a study of the population
dynamics of P. transversus in the Torres area, comparing abundance between males, females,

and ovigerous females.

Although ovigerous females were found in both seasons, the number of these females was
greater in summer. To better understand the presence of ovigerous females in this region, it
would be needed data of the other seasons (winter and spring). It is expected to obtain that P.
transversus is also a continuous breeding species like in other Brazilian localities since Rio
Grande do Sul is a subtropical region. It would also be good to have more studies in temperate
zones apart from ARAB et al. (2015) in order to allow more comparisons.

Fecundity and egg volume

The egg production in Brachyura is proportional to the size of the individual, this trend
has been observed in several studies with P. transversus, for example in Ubatuba, Sdo Paulo
(FLORES & NEGREIRO-FRANSOZO, 1997) and in Lebanon, eastern Mediterranean (ARAB
et al., 2015). And, also in other species of the genus Pachygrapsus, such as P. marmoratus in
Turkey, Black Sea (AYDIN et al., 2014) and in Lebanon, eastern Mediterranean (ARAB et al.,
2015). In this case, this trend is corroborated, in both seasons fecundity increases with the size

of the female.
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As mentioned above, studies of P. transversus fecundity in tropical regions showed that
it has a continuous reproduction pattern, with the warmer months being the most productive.
These results have not been observed in this study. Although the number of eggs produced in
summer is higher than in autumn, there are no significant differences statistically, but maybe
because the number of females is not equal in each season. Also, the range of fecundity in
summer is wider than in autumn so the standard deviation really affects to the results. These
fecundity values differ from all other studies with P. transversus except with the work carried
out in Rio de Janeiro (CAMPOS & OSHIRO, 2001).

Egg size can be related with temperature, ovigerous females will produce bigger eggs if
the temperature is low as an adaptation to the environmental conditions (LARDIES &
WEHRTMANN, 2001). In this study, the temperature in autumn was lower than in summer,
that is a possible hypothesis for the differences found with the volume. Here, we have punctual
data of the temperature from the time of collection, but we believed that the difference between

two seasons be higher than two degrees, mainly because it is a subtropical zone.

The volume data reported in this work is difficult to compare with the other studies is that
most authors measure the size of the egg by its diameter, they do not contemplate that the egg
is not totally spherical, so we do not know if the size they use is the maximum or minimum axis
of the egg. In the females of this study, the maximum axis was 0.28+0.0031 mm, ranging from

0.200 to 0.400 mm, greater than those at lower latitudes.

Parental care

About the females found with larva, all the studies carried out with P. transversus and its
larvae are because they took the females alive and moved them to the laboratory, where they
kept them alive until the larval release. A possible explanation for why those females were
carrying the larva would be that the females would be waiting for the right moment to let go
the larvae. The hatching of larvae in marine invertebrates is related to different environmental
periods for example: light and dark and high and low tide (MORGAN, 1995; FAN et al., 2017).
For P. transversus, the trends found are that specimens released larvae at high tide and during
day and night (MORGAN & CHRISTY, 1994; FLORES et al., 2007; BUENO & FLORES,
2010). These last authors also talk about a possible difference in releasing larvae for females
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exposed to the waves. At time, we unknown other studies with marine brachyuran species that

reported this kind of parental care.

This is possible the first study that found those results in Pachygrapsus, on the other hand,
it is been reported in other marine and freshwater decapods (DIESEL, 1989; DIESEL &
SCHUH, 1993; BOLANOS et al., 2004; THIEL, 2003).

Variations with latitude

There is a relationship between egg size and latitude; the females studied have larger eggs
than those reported at lower latitudes. This trend had already been found previously in other
crustaceans (CLARKE, 1979; LARDIES & WEHRTMANN, 2001; TEROSSI et al., 2010). In
Rio Grande do Sul, with subtropical climate, females produce larger eggs than in other regions
from Brazil (Pernambuco, Rio de Janeiro and S&o Paulo), Jamaica and Panama, and therefore,
they will produce fewer eggs. Fecundity is lower and eggs are larger than those reported in

other studies.

Egg loss and increased egg volume

Even though egg loss it’s been reported in Brachyura during the development
(FIGUEIREDO et al., 2008; TORRES et al., 2009), it’s not the case in this study as comparisons

between stages were not significant.

On the other hand, in both seasons the volume of eggs increases significantly as they
develop. This change has also been seen in many crustaceans, to cite some, for example:
Nauticaris magellanica (WEHRTMANN & KATTNER, 1998), Necora puber (VALDES et
al., 1991) and in Armases cinereum (FIGUEIREDO et al., 2008). This increase in volume is
related to water consumption. The gain of water during development causes the egg to increase
its internal osmotic pressure, which favours hatching. The increase in water also causes the
weight of the larvae to decrease, so that when it hatches, it will have a better buoyancy that

allows it to swim to the surface and quickly adjust its body temperature (VALDES et al., 1991).
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Table 7. Data from Pachygrapsus transversus of CW (carapace width), fecundity, egg size or volume obtained

from literature.

Localities CW (mm) Fecundity Diameter/VVolume Reference
Tyre, Lebanon 33°16’ 9.0t021.1 2860 to 19,967 0.023 to 0.038 mm 27.5
N, 35°11'E 144+25 11,146 + 5053 +3.08 mm ARAB etal., 2015
Jamaica
18°06' N, 77°20'W - - 0.25 mm HARTNOLL, 1965
Fort Amador, Panamé
8°54'N. 79°31' W 9.41t013.8 >15000 0.20 t0 0.22 mm ABELE et al., 1986
Fortaleza, Ceara
Brasil 6 {% %24 9222 - OGAWA, 1976
3°43'S, 38°30'W '
Rec'fe*ggsni?mb“co 296101810 | 350 to 14700 ] CAMARA DE
8°07'S, 34°53' W 8.53+3.30 3818 + 3349 ARAUJO et al., 2016
Mangaratiba, Rio de
Janeiro 8510200 540 to 5273 0.20 to 0.38 mm CAMPOS & OSHIRO,
Brasil ' ' 1770 0.28 mm. 2001
22°57'S, 44°01' W
Ubatuba, Séo Paulo FLORES &
Brasil 6to 13.6 3520 + 2614 - NEGREIROS-
23°25'S, 45°04' W FRANSOZO 1997
Cananéia, Sdo Paulo
Brasil - - 0.14 £0.012 mm TISEO et al., 2014
25°01°S, 47°55°W
Torres, Rio Grande do 0.20 to 0.40 mm
5“'_ 6.42 to 16.88 693 to 10487 0.28+0.0031 mm Present stud
Brasil 11.47 +2.34 2395 + 1876 0.0069 to 0.0144 mm? y
29°20'S 49°43W 0.0990+0.0018 mm3
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CONCLUSIONS

1) Ovigerous females found in summer had a wide range of sizes compared with autumn.

2) Ovigerous females in Rio Grande do Sul were found in both seasons, being more
abundant in summer than in autumn.

3) Fecundity is related positively to the size of the females.

4) Females in summer produced more eggs than in autumn, but not statistically.

5) There are differences in the egg volume between summer and autumn,

6) In Rio Grande do Sul females produce larger eggs than those in lower latitudes.

7) It was found parental care in some females.

8) It was not reported egg loss in the studied females.

9) The egg volume increases as it develops.

It is important to continue researching the biology and ecology of the species that inhabit
intertidal systems since they are very vulnerable to changes produced by human impact. It
would be interesting to be able to compare more aspects of the reproduction of Pachygrapsus
transversus in all the seasons in the southern region of Brazil since it has not been studied yet.
It would also be important to observe what effects climate change may have on intertidal

communities.
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