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ABSTRACT

We studied the shrimp Exhippolysmata oplophoroides in southeastern Brazil (Macaé, 22°37"S;
Ubatuba, 23°55"S; and Cananéia, 25°53"S) to test the hypotheses that (1) females should have
the same reproductive output and fecundity at the regional scale, and (2) these reproductive
parameters can vary among regions. Maximum carapace length (Macaé = 13.1 mm, Ubatuba = 12.8,
Cananéia = 16), fecundity, and reproductive output differed among regions (Ancova, p < 0.05).
Females in Cananéia exhibited the highest reproductive output/fecundity (18.6%/5230 embryos),
followed by those in Macaé (16.0%/4365 embryos) and Ubatuba (12.6%/1206 embryos). We found
that fecundity/reproductive output varies inversely with the length of the reproductive season,
i.e. a considerable amount of energy is allocated during seasonal spawning periods in subtropical
regions such as Cananéia. Previous studies have proved that E. oplophoroides is able to reproduce
continuously in Ubatuba, with probably minor but continuous energy investment in reproduction
occurring in this tropical region. In contrast, although Macaé is located at tropical latitude, it is
under the influence of Cabo Frio upwelling that alters the water’s physical properties via cold water
intrusion. This process may be a determining factor in the spawning seasonality of Macaé’s shrimp
population, justifying the higher reproductive output recorded here than in Ubatuba.

KEYWORDS
Bycatch; latitudinal pattern;
marine front; Pleocyemata

Introduction coast of Sao Paulo state and serving as food for various
invertebrate and fish species (Chacur and Negreiros-
Fransozo 1999; Costa et al. 2000). As a result, it is an
important model used in studies examining the effect
of fisheries on bycatch fauna in terms of fecundity and

reproductive output.

Coastal fisheries in southeastern Brazil are currently overex-
ploited due to non-selective trawling (Pezzuto and Beninca
2015). Such methods aim to capture penaeid shrimps such
as Farfantepenaeus paulensis (Pérez-Farfante 1967), F. bra-

siliensis (Latreille 1817), Litopenaeus schmitti (Burkenroad
1936), and Xiphopenaeus kroyeri (Heller 1862), which are
sold commercially and thus support the subsistence of
hundreds of fishermen and those working in regional
tourism (Valentini et al. 1991; Garcia et al. 2016). Because
it is non-selective, such fishing methods also affect other
non-commercial animals taken in the trawls, known as the
bycatch, including the caridean shrimp Exhippolysmata
oplophoroides (Holthuis 1948), which shares the same hab-
itat as penaeid shrimps, especially during the reproductive
period when females incubate embryos in their abdomen.

Exhippolysmata oplophoroides plays a fundamental
ecological role in the region as a member of the trophic
chain, being the most abundant caridean species on the

Bauer (1992) and Castilho et al. (2007) previously
demonstrated the‘latitudinal effect paradigm’in penaeid
and caridean prawns, in which reproductive periodicity
and fecundity tend to increase as latitude decreases. This
paradigm has generated various hypotheses regarding
specific environmental stimuli (proximal factors) and selec-
tive pressure (final factors) that act on the life habit of the
species in question.

Prompting the evaluation as to whether reproduc-
tive fluctuations are responses to either environmental
changes with latitudinal gradient, or anthropogenic activ-
ity. However, many exceptions can arise, especially due
to regional environmental phenomena such as maritime
fronts, which can change the expected environmental
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scenario. One example of such a phenomenon is the
thermal front caused by the upwelling of cold water at
the Cabo Frio (Rio de Janeiro), which alters the expected
physical pattern of the water column in tropical regions.

The present study aimed to establish the presence of
any variation in the reproductive characteristics of the
shrimp E. oplophoroides on a regional tropical — subtrop-
ical scale (22° S-25° S latitude) along the south-eastern
Brazilian coast. Thus, we proposed the hypothesis that
fecundity/reproductive output varies with latitude in
E. oplophoroides in south-eastern Brazilian waters. This
hypothesis was tested by observations and measures on
embryo production, body size distributed across three
locations: two tropical regions of Macaé (Rio de Janeiro)
and Ubatuba (Sdo Paulo), and the subtropical region
Cananéia (Sao Paulo).

Material and methods

Sampling was carried out along the south-eastern coast
in the regions of Macaé (RJ), Ubatuba (SP), and Cananéia
(SP), during the years 2012 and 2015. Collection was stand-
ardized across the three sampled regions, and involved
the use of a shrimp boat equipped with double-rig nets.
Sampling station sites were previously determined based
on depth (5-20 m). All sampling areas were recorded
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according to their geographical coordinates with a GPS
(Global Positioning System) (Figure 1).

The netted shrimps were sorted, bagged, labeled, and
placed inice-filled thermal boxes on the boat, before being
fixed and transported to the Study Group on Crustacean
Biology, Ecology and Culture (NEBECC) at Sao Paulo State
University, Botucatu (SP). In the lab, individuals of E. oplo-
phoroides were identified (Williams 1984) and females with
embryos in their pleopods measured in terms of length of
carapace (CL) using a 0.01 mm precision caliper.

Embryos were carefully removed from the pleopods
with fine needles and, quantified using a manual counter
and then classified according to their embryonic devel-
opment as follows: stage |, high concentration of yolk and
non-visible eyes; stage I, embryo eyes present and a lower
concentration of yolk (Terossi et al. 2010). All subsequent
analyses involved the measurement of only females with
embryos in the initial stage of development (stage I), to
avoid the analysis of those subject to egg losses (Terossi
etal. 2010).

Fifteen embryos were randomly selected for the
measurement of the smallest and largest egg axes, with
these data then used to calculate egg volume as VO =
(m(e1)2.e2)/6 (Turner and Lawrence 1979), where el rep-
resents the average of the larger axes and e2 represents
the average of the smaller axes.
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Figure 1. Representation of the three collection sites without scales: (1) Macaé (22° 37"S and 41° 78"W); (2) Ubatuba (23°55"S and

46°20"W); (3) Cananéia (25°53"S and 47°36"W) (Source: Author).



After counting, the animals, as well as their respective
masses of embryos, were placed in an oven (60 °C) for 48 h
to obtain the dry weight of both the embryos and that of
the females (without embryos), via the use of an analytical
balance with a precision of 1 ug. Reproductive output (RO)
was then calculated based on these two measurements
as RO = total mass of embryos/ mass of female without
embryos (Clarke 1987).

Simple linear regression analyses were performed to
establish the relationship between: fecundity vs CL; egg
volume vs CL; reproductive output vs CL; and egg weight
vs female weight. Covariance analysis (Ancova), using CL
as covariance, was also applied to compare the number,
embryo volume, and reproductive output of the three
populations sampled. During all statistical analyses, the
assumptions of parametric tests were met, with the vari-
able data square-root transformed because they did not
present a normal distribution (Zar 1999).

Results

Thirty-eight females with embryos in their pleopods
were analyzed, ranging in size from 9 mm CL to 13.1 mm
in Macaé, 12.8 mm in Ubatuba, and 16 mm in Cananéia
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(Ancova, F=3.8, p < 0.05). Cananéia females exhibited the
highest reproductive output (18.6%), followed by those
in Macaé (16.0%) and Ubatuba (12.6%) (Ancova, F = 5.1,
p=0.01). The same pattern was recorded for egg numbers,
with the most observed in Cananéia (204-5230 embryos),
followed by Macaé (130-4365 embryos) and Ubatuba
(61-1206 embryos) (Ancova, F=5.28, p=0.01). There was
no difference between the three populations in terms of
volume of embryos (Ancova, F = 0.62, p = 0.54) (Figure 2).

A positive relationship was found between number of
embryos and size of females in each of the three sampled
regions (Macaé, R? = 0.75; Ubatuba, R? = 0.60; Cananéia,
R? = 0.50) (Figure 3), as well as between egg weight and
female weight (Macaé, R?> = 0.75; Ubatuba, R?> = 0.75;
Cananéia, R? = 0.50) (Figure 3).

Discussion

Variation in female shrimp reproductive output, number
of embryos and size reflects a reproductive adjustment to
regional environmental conditions. In many crustaceans,
reproductive processes depend on hormone control, pho-
toperiod, rainfall (Little 1968), phases of the moon or tides
(Warner 1977), and salinity changes (Batoy et al. 1987).
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Figure 2. Variation in carapace length (A), reproductive output (B), number of embryos (C), and egg volume (D) of Exhippolysmata
oplophoroides in the three studied regions (Cananéia; Ubatuba; Macaé).
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Figure 3. Regression analysis between the dry weight of embryos and dry weight of females, and between the number of embryos and
the size of females (carapace length), for Exhippolysmata oplophoroides sampled in Macaé, Ubatuba, and Cananéia.

However, the main influencing factor is temperature,
which not only affects the abundance of food for larvae
(Goodbody 1965; Lancaster 1990), but is also of great
importance for the maintenance of gametogenesis and
ovarian development, which in turn define the reproduc-
tive period of the species (Bauer 1992).

Species with wide geographical distributions have
the ability to adjust their metabolism when exposed to
changes in the environment. An influx of cooler waters,
for example, tends to direct reproductive periodicity to
coincide with episodes of environmental conditions that
are favorable to embryo development (Laufer and Landau
1991; Quackenbush 1994; Fingerman 1995). Thus, the high
reproductive output and number of embryos found in E.
oplophoroides in the Cananéia region can be considered
a strategy of the species to maximize its reproductive
success in an area with a shorter reproductive season.
Cananéia (25°S) is located in a subtropical region in which
the seasons are well defined, with rigorous winters and
warm summers (Kutner 1972; Garcia et al. 2016). As a
consequence, the highest primary productivity will occur
in the spring—summer period (Pires-Vanin and Matsuura
1993).

The greater availability of food (primary productivity)
is one of the most influential factors in the reproductive
seasonality of marine organisms, including the breeding

and spawning periods of crustaceans (Thorson 1950; Dall
etal. 1990; Bauer 1992). Species with planctotrophic larval
stages, such as E. oplophoroides, allocate greater reproduc-
tive energy in periods of the highest oceanic productiv-
ity, since these periods are characterized by greater food
availability (phytoplankton) for larval offspring. Stanski
and Castilho (2016) recorded similar seasonal reproduc-
tion in another species of decapod crustacean, Isocheles
sawayai Forest and de Saint Laurent 1968, in the north
littoral region of Santa Catarina (26°06'S, 48°34'W) during
months of higher temperatures (late spring and summer).
The larger body size (CL) of the female E. oplophoroides
population in Cananéia is also in accordance with Bauer
(1992), who proposed that longevity with growth to larger
size tend to increase at higher latitudes.

In the present study, a latitudinal effect can be seen in
the respective reproduction of the E. oplophoroides pop-
ulations of Cananéia and Ubatuba to the north. We pro-
pose that the lower reproductive output and consequently
lower fecundity of the Ubatuba females reflects the fact
that females with embryos in their pleopods are found
during all months of the year, a pattern characteristic of
continuous reproduction (Fransozo et al. 2005). Indeed,
the availability of phytoplankton for larval development
remains generally low but continuous throughout the year
in Ubatuba (Pires-Vanin and Matsuura 1993). In contrast,



Cananéia females dedicate much of their energy to a
unique reproductive period during which they produce a
large number of embryos to achieve greater reproductive
success, likely due to the seasonality and short duration of
suitable periods for reproduction (Morgan 2001).

On the other hand, Ubatuba and Macaé are latitudi-
nally nearby regions, and so, the female E. oplophoroides
population should be equals in size, reproductive output
and average number of embryos (Bauer 1992). However,
the reproductive output and average number of embryos
were different between regions with higher values in
Macaé. Macaé is located in an area subject to the upwelling
phenomenon of Cabo Frio (RJ), which is characterized by
ascending deeper cold waters (below 20 °C) to the surface
of the ocean (Da Silva et al. 2006). Conditioned by physical
effects such as the break of the continental shelf, as well as
winds associated with the action of oceanic currents and
water masses (Cerda and Castro 2014).

The Macaé region is exposed to this upwelling during
a good part of the year, affecting all biota distributed to a
depth of approximately 10-15 m (Lana et al. 1996; Cerda
and Castro 2014; Andrade et al. 2015). Upwelling zones
promote the transport of nutrients such as nitrogen and
phosphorus to the surface, which become trapped in lower
layers of the euphotic zone and have a seasonal influence
on primary productivity (Odebrecht and Castello 2001;
Gaeta and Brandini 2006).

Thus, we propose that due to the pronounced intra-an-
nual variation in environmental conditions recorded in
Macaé that is associated with months of increased food
supply, E. oplophoroides females in this region allocate
more energy for reproduction during seasons of higher
productivity, that is, when feeding conditions for larval
development are very favorable. This hypothesis would
explain the difference in the number of embryos and
reproductive output observed in this region in relation to
Ubatuba.

However, not all the characteristics of a species are
influenced by environmental conditions; for example, no
difference in the volume of embryos was recorded here
between the studied populations. In this case, the sim-
ilarity of the observed values is likely due to the use of
the same single species (E. oplophoroides) throughout all
regions, since egg size (volume) is exclusively controlled by
genotypic factors and rarely by phenotypic factors (Sastry
1983). This in turn plays an important role in defining
embryonic development, in terms of both the number of
stages and the time required to complete metamorphosis
(Chacur and Negreiros-Fransozo 1999).

Egg number and weight exhibited a positive correlation
with female size and weight, respectively. This is because
the relative number of embryos produced in a single
spawn, i.e. individual fecundity, has a linear relationship

INVERTEBRATE REPRODUCTION & DEVELOPMENT . 123

with the size of the female, with the absolute number of
embryos loaded during female spawning determined by
both geneticand environmental factors (Valenti et al. 1989).
Moreover, the positive relationship between the number
of embryos fertilized and the size (CC) of females indicates
that fertility increases with an increase in length. Smaller
females tend to produce a smaller number of embryos
because they possess a smaller ovary and reduced space
in the abdomen for incubation (Clarke 1993).

In summary, the distinct reproductive patterns
observed in the studied E. oplophoroides populations are
directly related to the environmental features of each
region, more specifically to seasonal variation in food sup-
ply for larval development. Thus, the three populations
adjust their reproduction to periods during which envi-
ronmental conditions are more favorable for the success
of their offspring.
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