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ABSTRACT

Periclimenes paivaiis notable for its symbiotic lifestyle with jellyfish. The objective of this study was to
investigate the fecundity and reproductive output of females, and specifically to determine whether
females protected in their host have a greater reproductive success than other shrimp species.
All anatomical parts of the medusae were analyzed and the P. paivai individuals were separated.
Among 83 females analyzed, 65 presented embryos in the first developmental stage, and 18 were
in the final stage of development. The mean fecundity was 229.08 + 120.04 in initial-stage embryos
and 191 = 114.76 in final-stage embryos. We observed a positive relationship between the embryo
number and the female size; however, the embryo number was not related to the embryonic stage,
which indicates that females did not lose their embryos during the incubation period. The weight
of brood mass during production is closely related to the female weight according to the results of
linear regression, as fecundity increased with female size. In its symbiosis, P. paivai can increase the
amount of energy used to produce embryos (mean reproductive output = 10.38%) and can elevate
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the reproductive success.

Introduction

The probable benefits of symbiosis include exploration
of new resources, occupation of new ecological niches,
shelters, higher investment in parental care (protection
against predation), and lower energy expenditure in
obtaining food resource (Thiel & Baeza 2001; Schiariti
et al. 2012). Few families in Caridea are involved in symbi-
otic associations with benthic organisms such as sponges,
sea anemones, echinoderms, other crustaceans, and fish
(Bauer 2004; Calado 2008). However, some species of the
family Palaemonidae can be found also with pelagic ani-
mals such as jellyfish (Bruce 1972). Association with pelagic
organisms can bring a higher mobility for symbionts as
well as shelter and greater food availability (Nogueira Jr.
& Haddad 2005).

Symbiotic lifestyle

Crustaceans of different superfamilies (Palaemonoidea,
Majoidea, and Grapsoidea) have symbiotic relation-
ship with Lychnorhiza lucerna Haeckel, 1880 medusae
(Gongalves, Wolf, et al. 2016). The nematocysts used as a
defense mechanism by these cnidarians do not seem to

affect these crustaceans (Shanks & Graham 1988; Nogueira
Jr.&Haddad 2005; Towanda & Thuesen 2006). The Gill epi-
thelium (like other surfaces) of crustaceans is covered with
chitin layer which brings protection against physical and
chemical damage, and this seems to be a response to most
crustaceans to be immune to the parenteral injection of
cnidarian toxins (Mebs 2009).

Periclimenes Costa, 1844 is distributed in the Western
Atlantic (Bruce 2004) and comprises species with diverse
types of symbiotic relationships (Williams Jr. & Williams
1982; Martinelli-Filho et al. 2008; Azofeifa-Solano et al.
2014), and Periclimenes paivai Chace 1969 is the only
shrimp species reported to associate with the scyphozoan
medusoid phase off the Brazilian coast (Criales 1980;
Martinelli-Filho et al. 2008; Goncalves, Wolf, et al. 2016).
However, only the first zoeal stage of P. paivai has been
described (Pantaledo et al. 2013), and our knowledge
about its population biology is scarce.

Reproduction

Several studies about the reproductive output (RO) in
caridean shrimp have been conducted (Corey & Reid
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1991; Anger & Moreira 1998; Azofeifa-Solano et al. 2014;
Martinez-Mayén & Romdén-Contreras 2014), but only
Azofeifa-Solano et al. (2014) analyzed this parameter for
the symbiotic shrimp Periclimenes rathbunae Schmitt, 1924
associated with sea anemones.They found a higher RO in P,
rathbunae compared to free-living shrimps, which suggests
differences in the energy allocation mechanisms in symbi-
otic species. Azofeifa-Solano et al. (2014) proposed that the
benefits of living in association with other invertebrates
could provide shrimp increased protection and greater
energy reserves used by the females invested in embryo
production.The goal of the present study was to determine
whether this pattern also occurs in P. paivai as a result of its
symbiotic lifestyle. Considering the importance to under-
stand the uncommon lifestyle as symbiosis and the lack
of information in the literature about living in association,
the reproductive biology of the symbiont shrimp P. paivai
with the scyphomeduse host L. lucerna were analyzed.
The results obtained allowed a better understanding of
the energy invested in reproduction by symbiotic shrimps.

Materials and methods
Sampling

The study area is located at the central coast of the state
of Sdo Paulo (23°55'-24°00’S and 46°20'-46°25'W), which
includes Santos Bay, and Santos and Sdo Vicente Estuaries.
Samples were taken during late winter—early spring 2012
(September and October). The animals were collected with
a shrimp fishing boat outfitted with double-rig nets by
trawling (30-min duration) at depth between 5 and 15 m.
When material of the trawling reached the boat, all jellyfish
were immediately separated for analysis to avoid damage
of the animals and the loss of associated shrimp.

L. lucerna was identified according to Morandini
etal. (2005) and the symbiont shrimps according to Chace
(1969) (Figure 1). Females carrying embryos (= fertilized
eggs) attached to pleopods were separated, preserved
in 70% ethanol and transported to the NEBECC (Group
of Studies on Crustacean Biology, Ecology and Culture),
Botucatu - Sdo Paulo - Brazil. All anatomical parts of
the medusae were carefully examined macroscopically
(umbrella, oral arms, oral pillar, gastric cavity, subgenital
space, and gonads) to determine the presence of shrimp
(Nogueira Jr. & Haddad 2005).

The carapace length (CL) (from the posterior margin
of the ocular orbit to posterior end of the carapace) was
measured with an accuracy of + 0.0001 mm using a ster-
eomicroscope (Zeiss Stemi SV6, fitted with a Zeiss Stemi
2000-C image capture system) equipped with a camera
and the Axio Visioprogram (vers.4.8). All morphometric
measures were performed using this program.

Figure 1. Periclimenes paivai under the sub-umbrella of the
scyphomedusa Lychnorhiza lucerna (Source: Gongalves, Wolf,
etal. 2016).

Fecundity

Fecundity is the total number of offspring produced by
a female in a determined period (Ramirez-Llodra 2002).
Anger and Moreira (1998) used the definition of ‘realized
fecundity’ instead of ‘potential fecundity’ for the number
of embryos carried by the females on pleopods. For the
present study, the fecundity was defined as the total num-
ber of embryos carried by females as proposed by Anger
and Moreira (1998).

The entire brood mass was removed from female pleo-
pods using a fine forceps. The embryos were counted
manually and categorized into two embryonic develop-
mental stages: Stage |, with no eyes formed, and Stage
II, with evident eyes formed, as proposed by Corey and
Reid (1991).

RO and brood mass volume

Females and embryo mass were dried at 60 °C for 24 h
and weighed using a Shimadzu® Aux 220 analytical bal-
ance (precision 0.0001 g) to calculate the RO, which is
defined as the energy invested in reproduction (Herndez
& Wehrtmann 2011). RO was determined only in females
carrying recently produced embryos (Stage ). The formula
proposed by Clarke et al. (1991) was used to calculate RO:
RO = (Dry weight of the brood mass/Dry weight of the
female without embryos) x 100.

Twenty fertilized eggs were randomly chosen per
female to measure both the major and minor axis. The
embryo volume for each developmental stage was cal-
culated using the formula V= 1/6 (7D1 x D2), where D1 is
the major diameter and D2 is the minor diameter (Turner
&Lawrence 1979). Females in Stage Il were used to analyze
the possible embryo volume increase.
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Figure 2. P, paivai. Boxplot of size frequency distribution of females carrying embryos, A: relation with embryo number and B: relation
with reproductive output (mean + standard deviation) in animals from the southeastern Brazilian coast.

Data analysis

Different data transformations were tested with respect
to their capacity to improve the normality of the data: 1/x,
In, and sqrt(x), and the most appropriate transformation
was chosen based on the lowest Kolmogorov-Smirnov D.
Using this criterion, the number of embryos, CL, embryo
volume, female weight, and brood mass weight were
sqrt-transformed. All analyses were performed with a sig-
nificance level of 5% (a = 0.05) (Zar 1999).

Analysis of covariance (ANCOVA) was applied to deter-
mine the embryo loss and embryo volume increase during
the developmental stage using the number of embryos vs. CL
(co-variable = stage of embryonic development) and embryo
volume vs. embryonic development (co-variable = female
weight), respectively (Herndez & Wehrtmann 2011; da Silva
et al. 2016). Linear regressions were tested to observe the
relationship between females (CL and female weight) and
embryo features (embryo number and brood mass weight)
(Anger & Moreira 1998; Terossi et al. 2010).

Results
Fecundity

A total of 83 P. paivai females carrying embryos were ana-
lyzed, of which 65 were in the initial stage (Stage I) and 18
were in the final stage (Stage Il). The CL ranged from 3.42
to 5.62 mm (mean size 4.54 + 0.48 mm at the Stage | and
4.46 + 0.45 mm at the Stage II).

The mean number of embryos in Stage | and Stage Il
were 229 + 120.04 (minimum 20 and maximum 517) and
191 £ 114.76 (minimum 32 and maximum 540), respec-
tively, representing a mean percentage of embryo loss of
16.6%. However, the number of embryos did not differ with
embryo development stages (ANCOVA: f=0.63, p = 0.43).

Thus, both embryo stages were grouped together in the
linear regression of fecundity analysis.

The number of embryos increased with the CL of
females (categorized by class size), except for the last size
class (5.1-5.6 mm), which produced fewer embryos than
the size class 4.5-5.0 mm CL (Figure 2).

RO and brood mass volume

Females carrying embryos in Stage | weighed
0.02 = 0.005 mg (0.007-0.029 mg), and their brood
mass had a mean weight of 0.0019 + 0.0013 mg (0.001-
0.005 mg). Females carrying embryos in Stage Il weighed
0.020 + 0.005 mg (0.012-0.031 mg), and the embryos
weighed 0.0013 + 0.0009 mg (0.001-0.003 mg).

Embryo volume increased during to the embryogenesis
(ANCOVA f = 14.68, p < 0.001) from 0.0237 mm? (Stage I)
to 0.0307 mm?3 (Stage Il), representing a volume increase
of 29.5%.

The RO (females with embryos in Stage I) ranged from
0.73 to 29.05% (mean = 10.38 + 5.60%) and increases
with the CL of females (categorized by class size) until the
second to last size class. The females in the last size class
(5.1-5.6 mm) invested less reproductive energy than the
4.5-5.0 mm class (Figure 2). The linear regression analyses
revealed a positive relationship between CL and embryo
number (% 0.18, p < 0.001) and female weight and brood
mass (=all embryo mass attached on the females pleop-
ods) weight (r?: 0.42, p < 0.001) (Figure 3).

Discussion

Fecundity

Caridean shrimp, just as other decapods, have a specific
behavior during the incubation period, in which females



74 I.R.R.DE MORAES ET AL.

600 7 EN= 105.8CL- 2607 (A)

r=0.18 .
500

400 1 ® .
300

200

Embryo number (EN)

100 A

Carapace length (CL mm)

3.0 4.0 5.0 6.0

0.005 -
EW=0.15FW - 0.001 (B)

0.0045 1 r'=0.42
0.004 - o*
0.0035 -
0.003 -
0.0025 -
0.002 -
0.0015 -

0.001 -

Brood mass weight (EW mg)

0.0005 -

0 O.bl 0‘;]2 0.;)3 0.;)4
Female weight ( FW mg)

Figure 3. P, paivai. Linear regression between A: Embryo number (EN) and carapace length (CL mm), B: Female weight and brood mass

weight in animals from the southeastern Brazilian coast.

periodically spend a large amount of time brushing and
picking the pleopods with the embryo mass to keep it
clean from parasites, ensure its oxygen supply, and carry
away wastes produced by embryos (Bauer 2004). This
activity is a probable explanation for the relatively low
embryo loss in caridean shrimp such as: P. rathbunae, 24%
(Azofeifa-Solano et al. 2014); P. longicaudatus (Stimpson
1860), 24.6% (Corey & Reid 1991); Macrobrachium acan-
thurus (Wiegmann 1836), 23% (Anger & Moreira 1998),
and the studied species (16.6%). Furthermore, the lack of
a significant embryo loss during embryogenesis maybe
related to the shelter and parental care (protection against
predation) offered by the host (medusa) as part of the sym-
biotic lifestyle.

The weights of female P. paivai were higher in Stage Il
than in Stage |, as also observed in another palaemonid
shrimp, Leander paulensis Ortmann, 1897 (Zimmermann
et al. 2015). According to these authors, spawning is a
costly activity in the shrimp life cycle because the shrimp
uses most of its accumulated energy reserves. At the
beginning of the incubation period, females have lower
weight and consequently have less accumulated reserves
for embryo production. During embryo maturation, an
increase in weight occurs in females because the food
ingested is used to build up new energy reserves. In addi-
tion, post-spawning females need to rebuild their gonads,
which will also contribute to increased weight.

The mean embryo volume (EV) of P. paivai (0.025 mm?3)
was lower than that of other palaemonid shrimps (Table 1),
compared to free-living and freshwater species such as
P. longicaudatus, Cuapetes americanus (Kingsley 1878),
Macrobrachium ohione (Smith 1874), and Macrobrachium
olfersii (Wiegmann 1836). Even species that have symbiotic
relationships, with those of P. rathbunae and Periclimenes
pandionis Holthuis, 1951, have a greater embryo volume
than the studied species. When we compared our results

with those of the sea anemone with caridean P. rathbu-
nae, which have a similar size, the total embryo number
and the embryo volume of P. paivai are smaller than those
of P. rathbunae. This different pattern maybe related with
the host type and the association model. Bauer (2004)
explains that caridean shrimps are intense influenced by
environment, host and other factors can influence the mat-
ing, brooding, and reproduction in life to these animals.
Despite theoretical affirmations, others studies should be
carried out, including laboratory experiments to discover
if the host really influences the size and number of carid-
ean’s offspring.

In general, palaemonid shrimps with an extended larval
development produce small embryos (Wear 1974). Until
now, only the first zoeal stage has been known and com-
pared between other Periclimenes shrimps and P. paivai
to demonstrate the morphological differences and simi-
larities among the group (Pantaledo et al. 2013); however,
laboratory studies identified eight zoeal stages in similar
species (Periclimenes sagittifer (Norman, 1861)) (Santos
et al. 2004).

Anincrease in embryonic volume during the ontogeny
seems to be common in Decapoda Crustacea (Lardies &
Wehrtmann 1997; Terossi et al. 2010; Antunes et al. 2014;
Azofeifa-Solano et al. 2014) because the crustacean
embryos absorb water and consequently increase in water
content (presenting an increasing size) (Pandian 1970).
Wear (1974) suggested a close relationship between the
increase in embryo volume produced by females during
the ontogeny and the number of embryonic and larval
stages presented by the species. This relationship suggests
that the increase in water volume is lower in species with
numerous larval stages, while a higher increase in water
volume is observed in species with fewer larval stages. In
addition to the embryonic volume, senescence seems to
be a common factor in Crustacea reproduction. Vogt (2014)
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Table 1. Number of palaemonid species analyzed, minimum and maximum female carapace length (CL), fecundity (embryo number),
mean embryo volume, minimum and maximum reproductive output (RO) in Stage |, and habitat of the species (modified from Corey &

Reid 1991 and Azofeifa-Solano et al. (2014)). NA = No data available.

Number of CL (mm) Embryo mass RO (%)
Species Individuals (min-max) Fecundity (mm3) (min-max) Habitat Reference
Periclimenes paivai 65 3.42-5.62 20-540 0.025 0.73-29.05  Scyphozoa Present Study
(Chace 1969) Jellyfish
Periclimenes rathbunae 70 2.25-5.25 80-605 0.038 0.094-24 Seaanemone  Azofeifa-Solano et al.
(Schmitt 1924) (2014)
Periclimenes pandionis 5 2.84-4.0 67-259 0.050 NA Coral reef Corey and Reid (1991)
(Holthuis 1951)
Periclimenes longicaudatus 24 2.16-3.04 49-149 0.049 NA Free Living Corey and Reid (1991)
(Stimpson 1860)
Periclimenes ornatus NA 3.0-6.0 10-1000 0.49 NA Sea Anemone  Omori et al. (1994)
(Bruce 1969)
Palaemon northropi 13 5.52-7.84 128-755 0.2 8.9-19.3 Free living Corey and Reid (1991)
(Rankin 1898)
Palaemon gravieri (Yu 1930) NA 5.34-16.63 306-6160 NA NA Free Living Kim and Hong (2004)
Leander tenuicornis 13 5.20-7.52 181-640 0.093 NA Free Living Corey and Reid (1991)
(Say 1818)
Leander paulensis 46 4.27-6.92 227-1360 0.013-0.055 4.8-28.5 Red-Algae Zimmermann et al. (2015)
(Ortmann 1897)
Macrobrachium ohione 12 11.88-18.17 3577-12,353 0.080 NA Free Living Corey and Reid (1991)
(Smith 1874)) Freshwater
Macrobrachium olfersii 8 9.40-12.25 1966-4683 0.076 NA Free Living Corey and Reid (1991)
(Wiegmann 1836) Freshwater
Cuapetes americanus 345 1.55-3.22 19-164 0.034-0.058 NA Submerse Martinez-Mayén and
(Kingsley 1878) vegetation Romén-Contreras (2014)

explained that senescence is closely related to changes in
structure, physiology, and behavior in animals. In terms
of reproduction, senescence can influence the speed and
pattern changes in reproduction after the first release of
offspring. In this study, we suggest that senescence occurs
in P. paivai, where a decrease in the fecundity and RO in the
largest ovigerous females is observed (Figure 2). This event
is reported to other caridean shrimp (Bauer 1991; Torres
et al. 2007). Future studies focusing on reproductive biol-
ogy of P. paivai and other Periclimenes species are needed
to test this senescence hypothesis.

A symbiotic lifestyle may influence the percentage of
RO, where P. paivai shows a higher range in RO than do
other palaemonid shrimp, with mean of 10.38 + 5.60%
reaching 29% (see table 1). We believe that the symbiotic
lifestyle may be the most important factor determining
the higher values of RO and lower embryo loss in P. paivai.
According to Azofeifa-Solano et al. (2014), the protection
offered by the host would be the main reason to reach
reproductive potential in symbiotic shrimp species. The
jellyfish host forms a protective structure for pelagic crus-
tacean symbionts during a most vulnerable phases of their
life cycles (females carrying embryos). This association pro-
vides shrimps with food and shelter from predators, so
P. paivai can spend more energy in reproduction, growth,
and embryo production.

Because of the lack of information available, more stud-
ies about this symbiosis are necessary to better understand
the type of relationship between these species and their
ecological role in the marine environment. The population

density of the hosts can cause direct and indirect effects on
populations of symbiont animals. Anthropogenic activities
such as habitat destruction, fisheries, and exotic species
introduction have negatively influenced the relationship
of symbiotic organisms, causing alterations in the com-
munities (Kiers et al. 2010). On the south-eastern coast
of Brazil, jellyfish are accidentally captured as bycatch by
trawl-fishing for other target species and they are mostly
discarded (Goncalves, Bolla Jr,, et al. 2016). It is noteworthy
that the incidental capture of jellyfish dramatically affects
the species that live with them symbiotically (Mianzan
& Cornelius 1999). Therefore, future studies involving L.
lucerna and P. paivai should consider the anthropogenic
influences experienced by L. lucerna.

Acknowledgements

We thank many colleagues from the NEBECC group who helped
with sampling and laboratory analyses; and the ‘Ministério do
Meio Ambiente (MMA)'and the‘Instituto Chico Mendes de Con-
servacao da Biodiversidade (ICMBio)’ for granting permission to
collect the shrimp.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The authors are indebted to foundations that providing fi-
nancial support during field collections, visiting activities, and



76 I.R.R.DE MORAES ET AL.

scholarships: Fundacdo de Amparo a Pesquisa do Estado de Sao
Paulo — FAPESP [2010/50188-8], [2014/13770-1], [2015/01959-
5]; CAPES CIMAR11[23038.004310/2014-85] and CNPq [Research
Scholarships PQ 308653/2014-9].

ORCID

Geslaine Rafaela Lemos Gongalves
0001-7443-6913

http://orcid.org/0000-

References

Anger K, Moreira GS. 1998. Morphometric and reproductive
traits of tropical caridean shrimps. Journal of Crustacean
Biology. 18:823-838.

Antunes M, Fransozo V, Castilho AL, Cobo VJ, Teixeira GM,
Fransozo A. 2014. Assessment of reproductive capacity
in females of Callinectes danae Smith, 1869 (Brachyura,
Portunoidea) during a period of high reproductive activity.
Invertebrate Reproduction & Development. 59:9-16.

Azofeifa-Solano JC, Elizondo-Coto M, Wehrtmann IS. 2014.
Reproductive biology of the seaanemone shrimp Periclimenes
rathbunae (Caridea, Palaemonidae, Pontoniinae), from the
Caribbean coast of Costa Rica. ZooKeys. 457:211-225.

Bauer RT. 1991. Analysis of embryo production in a caridean
shrimp guild from a tropical seagrass meadow. Crustacean
Egg Production. 7:181-192.

Bauer RT. 2004. Remarkable shrimps: adaptation and natural
history of the Carideans. Norman (OK): University of
Oklahoma Press; p. 296.

Bruce AJ. 1972. An association between a pontoniinid shrimp
and rhizostomatous scyphozoan. Crustaceana. 23:300-302.

Bruce AJ. 2004. A partial revision of the genus Periclimenes,
Costa 1884 (Crustacea: Decapoda: Palaemonidae). Zootaxa.
581:1-26.

Calado RJ. 2008. Marine ornamental shrimp - biology,
aquaculture and conservation. Oxford: Wiley; p. 263.

Chace FA. 1969. A new genus and five new species of shrimp
(Decapoda, Palaemonidae, Pontoniinae) from the Western
Atlantic. Crustaceana. 16:251-272.

Clarke A, Hopkins CCE, Nilssen EM. 1991. Egg size and
reproductive output in the water prawn Pandalus borealis
Kroyer, 1838. Functional Ecology. 5:724-730.

Corey S, Reid DM. 1991. Comparative fecundity of decapod
crustaceans i. the fecundity of thirty-three species of nine
families of caridean shrimp. Crustaceana. 60:270-294.

Criales MM. 1980. Commensal caridean shrimp of Octocorallia
and Antipatharia in Curacao and Bonaire with description
of a new species of Neopontonides. Studies on the Fauna of
Curacao and Other Caribbean Islands. 61:68-85.

Gongalves GRL, Bolla EA Jr, Negreiros-Fransozo ML, Castilho
AL. 2016. Morphometric and gonadal maturity of the
spider crab Libinia ferreirae BritoCapello, 1871 (Decapoda:
Majoidea: Epialtidae) at Southeastern Brazilian coast. Journal
of the Marine Biological Association of the UK. 1:1-7. doi:
10.1017/50025315416000370.

Gongalves GRL, Wolf MR, Costa RC, Castilho AL. 2016.
Decapod crustacean associations with scyphozoan jellyfish
(Rhizostomeae: Pelagiidae) in the Southeastern Brazilian
coast. Symbiosis. 67:1-3.

Herndez P, Wehrtmann IS. 2011. Sexual maturity and egg
production in an unexploited population of the red squat

lobster Pleuroncodes monodon (Decapoda, Galatheidae)
from Central America. Fisheries Research. 107:276-282.

Kiers ET, Palmer TM, Ives ARJ, Bruno F, Bronstein JL. 2010.
Mutualisms in a changing world: an evolutionary perspective.
Ecology Letters. 13:1459-1474.

Kim S, Hong S. 2004. Reproductive biology of Palaemon gravieri
(Decapoda: Caridea: Palaemonidae). Journal of Crustacean
Biology. 24:121-130.

Lardies MA, Wehrtmann IS. 1997. Egg production in Betaeus
emarginatus (H. Milne Edwards, 1837) (Decapoda: Alpheidae):
fecundily, reproductive output and chemical composition of
eggs. Ophelia. 46:165-174.

Martinelli-Filho JE, Stampar Morandini SN, Mossolin AC,
Mossolin EC. 2008. Cleaner shrimp (Caridea: Palaemonidae)
associated with scyphozoan jellyfish. Vie et Milieu-Life and
Environment. 58:133-140.

Martinez-Mayén M, Romdan-Contreras R. 2014. Sexual maturity,
fecundity,and embryo loss in the pontoniine shrimp Cuapetes
americanus (Kingsley, 1878) (Decapoda: Palaemonidae)
in Bahia de la Ascension, Quintana Roo, Mexico. Journal of
Crustacean Biology. 34:342-348.

Mebs D. 2009. Chemical biology of the mutualistic relationships
of seaanemones with fish and crustaceans. Toxicon. 54:1071-
1074.

Mianzan HW, Cornelius PFS. 1999. Cubomedusae and
scyphomedusae. In: Boltovskoy D, editor. South Atlantic
Zooplankton, Vol. I. Leiden: Backhuys Publishers; p. 513-559.

Morandini AC, Ascher D, Stampar SN, Ferreira FV. 2005. Cubozoa
e Scyphozoa (Cnidaria: Medusozoa) de aguas costerias do
Brasil [Cubozoa and Scyphozoa (Cnidaria: Medusozoa) from
Brazilian coastal waters]. Inherigia Série Zoologia 95:281-
294. Portuguese.

Nogueira M Jr, Haddad MA. 2005. Lychnorhiza lucerna
(Scyphozoa, Rhizostomeae) and Libinia ferreirae Brito Capello
(Brachyura, Majidae) association in Southern Brasil. Revista
Brasileira de Zoologia. 22:908-912.

Omori K, Yanagisawa Y, Hori N. 1994. Life history of the cariden
shrimp Periclimenes ornatus Bruce associated with a sea
anemone in Southwest Japan. Journal of Crustacean Biology.
14:132-145.

Pandian TJ. 1970. Ecophysiological studies on the developing
eggs and embryos of the European lobster Homarus
gammarus. Marine Biology. 5:154-167.

Pantaledo JAF, Terossi M, Costa RC, Mantelatto FL. 2013. First
zoeal stage of the partner shrimp Periclimenes paivai Chace,
with remarks on the genus Periclimenes O.G. Costa (Caridea,
Palaemonidae). Zootaxa. 3750:367-374.

Ramirez-Llodra E. 2002. Fecundity and life-history strategies in
marine invertebrates. Advances in Marine Biology. 43:87-170.

Santos A, Calado RJ, Bartilotti C, Narciso L. 2004. The larval
development of the partner shrimp Periclimenes sagittifer
(Norman, 1861) (Decapoda: Caridea: Palaemonidae:
Pontoniinae) described from laboratory-reared material,
with a note on chemical settlement cues. Helgoland Marine
Research. 58:129-139.

Schiariti A, Sal Moyano MP, Giberto DA, Mianzan HW. 2012.
Primer registro de La asociacién entre Lychnorhiza
lucerna (Scyphozoa, Rhizostomeae) y Cyrtograpsus affinis
(Decapoda, Varunidae) [First record of the association
between Lychnorhiza lucerna (Scyphozoa, Rhizostomeae)
and Cyrtograpsus affinis (Decapoda, Varunidae)]. Latin
American Journal of Aquatic Research. 40:1090-
1093. Spanish.


http://orcid.org
http://orcid.org/0000-0001-7443-6913
http://orcid.org/0000-0001-7443-6913
http://dx.doi.org/10.1017/S0025315416000370
http://dx.doi.org/10.1017/S0025315416000370

Shanks AL, Graham WM. 1988. Chemical defense in a
scyphomedusa. Marine Ecology Progress Series. 45:81-86.
da Silva AR, Wolf MR, Castilho AL. 2016. Reproduction, growth
and longevity of the endemic South American crab Aegla
marginata (Decapoda: Anomura: Aeglidae). Invertebrate

Reproduction & Development. 60:59-72.

Terossi MR, Wehrtmann IS, Mantelatto FL. 2010. Interpopulation
comparison of reproduction of the Atlantic shrimp Hippolyte
obliquimanus (Caridea: Hippolytidae). Journal of Crustacean
Biology. 30:571-579.

Thiel M, Baeza JA. 2001. Factors affecting the social behavior
of crustaceans living symbiotically with other marine
invertebrates: a modelling approach. Symbiosis. 30:163-190.

Torres P, Penha-Lopes G, Macia A, Paula J. 2007. Population
structureand egg production of the seagrass shrimp Hippolyte
kraussiana Stimpson, 1860 (Decapoda: Hippolytidae) at
Inhaca island, Mozambique. Invertebrate Reproduction and
Development. 50:145-153.

Towanda T, Thuesen EV. 2006. Ectosymbiotic behavior of
Cancer gracilis and its trophic relationships with its host
Phacellophora camtschatica and the parasitoid Hyperia
medusarum. Marine Ecology Progress Series. 315:221-236.

Turner RL, Lawrence JM. 1979. Volume and composition
of echinoderm eggs: implications for use of eggs size in

INVERTEBRATE REPRODUCTION & DEVELOPMENT . 77

life-history models. Columbia: University of South Carolina
Press.Chapter: Reproductive ecology of marine invertebrates;
p. 25-40.

Vogt G. 2014. Life span, early life stage protection, mortality,
and senescence in freshwater Decapoda. In: Yeo DCJ, Klaus
S, Cumberlidge N, editors. Advances in freshwater decapod
systematics and biology. New York (NY): Crustaceana
Monographs; p. 17-52.

Wear RG. 1974. Incubation in British decapod crustacea, and the
effects of temperature on the rate and success of embryonic
development. Journal of the Marine Biological Association of
the United Kingdom. 54:745-762.

Williams EH Jr, Williams LB. 1982. First report of Periclimenes
yucatanicus (lves) (Decapoda, Palaemonidae) in association
with a Corallimorpharian anemone. Crustaceana. 42:318-
319.

Zar JH. 1999. Biostatistical analysis. 4th ed. Upper Saddle River
(NJ): Prentice Hall.

Zimmermann U, Carvalho FL, Mantelatto FL. 2015. The
Reproductive performance of the Red-Algae shrimp Leander
paulensis (Ortmann, 1897) (Decapoda, Palaemonidae) and
the effect of post-spawning female weight gain on weight-
dependent parameters. Brazilian Journal of Oceanography.
63:207-216.



	Abstract
	Introduction
	Symbiotic lifestyle
	Reproduction

	Materials and methods
	Sampling
	Fecundity
	RO and brood mass volume
	Data analysis 

	Results
	Fecundity
	RO and brood mass volume

	Discussion
	Fecundity

	Acknowledgements
	Disclosure statement
	Funding
	References



