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ABSTRACT

Simulations in the laboratory were used to invetggvhether survivorship ratesd€ides cordatus
youngsters produced in the laboratory are signifigaaffected by other crab species after their
release in natural environments. Furthermore, & imaestigated whether the release of first instar
juveniles instead of megalopae would reduce thetatiyr related to interspecific predation. A
preliminary estimate of the crab community struetur the target area of a restocking program was
undertaken and indicated a great dominance ofdidcliabs ca spp). Based on this information,
experiments were conducted to assess the ecdlogtationship betweerlUcides cordatus
megalopae and first instar juveniles and fiddlexber of different size classes in the presence of
mangrove sediment, simulating natural conditiosswall as in the absence of any kind of refuge. It
was observed that fiddler crabs not only competh,veind prey ofJ. cordatusyoungsters, both as
megalopae and juveniles. Furthermore, it was olesktivat the predation behavior of fiddler crabs is
exercised only by individuals with carapaces witem 0.5 cm. The results of the assay simulating
natural conditions showed that, even when sedimastprovided as a refuge, the same pattern was
observed, with survivorship rates significantly Ewin the presence &fca crabs.

Resumo

Simulagdes em laboratério foram efetuadas visamdestigar se ap6s liberacdo na natureza a
sobrevivéncia de recrutas deides cordatuproduzidos em laboratério é afetada por outradasp

de caranguejos. Adicionalmente, foi verificado sma@ liberacédo de juvenis no estagio 1, ao invés
de megalopas, haveria reducdo da mortalidade caysadpredacao interespecifica. Para tanto foi
realizada estimativa prévia da estrutura da conaul@idle caranguejos presente na area-alvo de um
programa de repovoamento em desenvolvimento nd@aedg Santo Amaro, Baia de Todos os
Santos, Brazil, cujos resultados mostraram graod&rdincia de caranguejos violinistacg spp.).

Com base nessa informagéo, foram realizados expetas para verificar as relagdes ecologicas
entre megalopas e juvenis 1 Weides cordatuse as diferentes classes de tamanho das outras
espécies delca, em presenca de sedimento do mangue, simulandiicdes naturais, e na auséncia
de refugio. Observou-se que os caranguejos vitdiniempetem predando tanto juvenis quanto
megalopas d¥cides cordatusAlém disso, foi visto que esse comportamentorddgzdo é exercido
apenas por individuos com largura de carapaca ngpier 0,5 cm. Os resultados do teste de
simulagéo das condigbes do ambiente natural evi@®me que o mesmo padrdo de predacéo foi
observado mesmo quando o sedimento foi oferecidmaeflgio, sendo as taxas de sobrevivéncia
significativamente menores na presenca de espieigsa.

Descriptors: Predation, Fiddler crab, Sedimente&ss.
Descritores: Predacéo, Caranguejo-violinista, Sedim Liberagé&o.
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INTRODUCTION they reach the megalopa phase. As observed with
regard to Callinectes sapidus and Portunus
The mangrove crablcides cordatuslocally  trituberculatus(SECOR et al., 2002), success in the
known as “caranguejo-u¢a” in Brazil, is widely yse of immature portunid crabs reared in the
distributed geographically along the western Affant |aboratory for restocking purposes depends largaly
coast, from Florida (USA) to the Brazilian state oftheir age at the moment of release into the nhtura
Santa Catarina. This crab is considered an importaghvironment. Recent studies have suggested that the
fishery resource for local populations all along th release of juveniles of the mangrove ctatcordatus,
Brazilian coast, particularly for those living in might also be more effective in view of their pittat
proximity to estuarine systems (GLASER, 2003).  reduced susceptibility to predation by fish andirthe

In Brazil, a technology for the restocking of greater ability to compete with crabs of other sgec
the species has been under development since 20Q/ENTURA et al., 2008).

The consolidation of this technology has recently Thus, this study investigated whether
gained greater significance for the conservatiothef  survivorship rates ofU. cordatus youngsters after
species due to mass mortality events in populatidns release are significantly affected by the presevice
the northeastern and southeastern Brazilian mangrowéner crab species. Further, we investigated éf th
forests (SILVA et al., 2006). These events havenbegelease of more developed young forms could reduce

associated with a disease caused by an as yeéke mortality related to the competition/predation
undescribed species of black yeast fungi and whicictor.

has been called the Lethargic Crab Disease (LCD) by

Boeger et al. (2005). Associated with other facgtors MATERIAL AND METHODS
such as overexploitation and mangrove habitat
degradation, the LCD has contributed to the drastic

reduction of the natural stocks bf cordatuson the We studied the population structure of the
Brazilian coast crab communities of a mangrove target area for the

A basic technology for U. cordatus restocking program, before any release had been

larviculture is already known and restocking progsa Undertaken. The target area was located in Santo
performed by Grupo Integrado de Aquicultura eAmaro, state of Bahia, Brazil (Fig. 1). The popuati
Estudos Ambientais (GIA) have been able to producgiructure was estimated using a wooden quadra#t (0.
more than 1 000 000 megalopae systematically p& 0.4 x 0.2 m). This quadrant was randomly thrown
reproductive season (SILVA et al, 2006, 2009)0ver the mangrove area. A 15cm deep layer of
However, our knowledge of post-release events nee§gdiment was removed from the area delimited by the
to be enhanced in order to optimize the succesiseof duadrant, and sieved in the laboratory. Five sasnple
entire process of restocking. The behavior of thavere collected at the site and all the collecteabsr
released larvae and their relation to natural fagto Were identified and measured (carapace width-CW).
such as interspecific competition and predatiomnis Based on the results of this estimate, two
of the important issues that requires a bette@SSays were designed (see below). These assays were
understanding so as to allow corrective feedback. ~ developed in an environmental room under controlled

Currently, Ucides cordatus youngsters temperature (Z€) and photoperiod (16:8 h LD
produced by restocking programs are released whé&dCle).

Study of the Structure of the Crab Communities

Brazil

Baia de Todos
os Santos

A

Study site

Salvador

Fig. 1. Location where the crab structure estinmati@s carried out.
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Relationship of Fiddler Crabs and Youngsters cordatusyoungsters. The water level was maintained
of Ucides cordatus high during the first 3 hours after the releaseUof
An assay was performed to determine how:orqlatus after which the units were completely
fiddler crabs {ca spp) of different width classes drained. o _
could affect the survivorship ofU. cordatus The water level inside all the units was
youngsters as megalopae and in the juvenile phad@ised, daily, above the sediment surface for Isjou
The fiddler crabs used in the experiments weré® Simulate high tide. During this simulation pefio
collected in the same mangrove area in which thBewly hatched artemia nauplii were provided at a
structure of the crab community was estimated. N@ensity of 0.3 individuals.rifl The experiment was
special distinction in terms of sex ratio was mémre terminated after 20 days and all the sediment oh ea
the fiddler crabs used in this test; both male an#nit was carefully sieved. All the living fiddlerabs
female crabs were used randomly. and U. cordatus juveniles were counted and the
Transparent plastic vials, with dimensions ofSurvivorship rates determined.
11x11x5 cm, containing 0.5 L of salt water wereduse Statistical Analysis
as experimental units. No substrates of any kincewe
used in this set of experiments. Three distinadléd Given that a Shapiro-Wilk test indicated that
crab CW classes were evaluated: 0-0.5 cm width; 0.5ke data from the experiments did not deviate
1 cm width and 1- 1.5 cm width. The treatments useslignificantly from normality, all the analyses were
are described below. For convenience, they will bearried out using parametric statistics. ANOVA,

distinguished as follows: followed by Fisher’s LSD or Tukey's HSD post-hoc
M control — FiveU. cordatusmegalopae tests, were used to detect significant differences
J control — FiveJ. cordatuguveniles between the survivorship rates observed among the
M 0-0.5 — Five megalopae + one 0-0.5 doa sp. various treatments used.

J 0-0.5 — Five juveniles + one 0-0.5 thoa sp.

M 0.5-1 — Five megalopae + one 0.5-1 0oa sp. ResuLts

J 0.5-1 — Five juveniles + one 0.5-1 tfoasp. Structure of the Crab Communities

M 1-1.5 — Five megalopae + one 1-1.5 doa sp.

J 1-1.5 — Five juveniles + one 1-1.5 thoa sp. One-hundred and four crabs were captured

in the 5 samplings: 100 of them belonging to specie
All treatments, including those of the control of Uca (average carapace width, CW: 0.75 em,
groups, were tested with five replicates. No foaasw .29 cm), 3U. cordatus(CW 0.8 cm; 1 cm; 1.3 cm)
supplied. After 24 hours, the survivorship rateshef  gnd 1 Aratus pisoni(CW 0.7 cm). In three of the
young forms ofU. cordatus and of the fiddler crab samples, only fiddler crabs were identified. The
were determined. carapace-width frequency distribution of fiddleals

] ) -~ is presented in Figure 2.
Assays Simulating Natural Conditions

An experiment simulating natural conditions » 80
was developed in the laboratory. Ten transparent o 67
plastic boxes, with dimensions 20x32x25 cm, 860
provided with an individual draining system, were 5
used as experimental units. In this set of expernme £ 40
mangrove sediment was used as substrate. The bottom 8 25
of the boxes was covered with a 7cm layer of 520
sediment, to simulate a natural refuge. Equal vekim a 10 04
of seawater (salinity 35, filtered with 0.5 pm sand 8 0

filter, sterilized with a UV device) were providéar
each individual unit.

The fiddler crabs were released in the
experimental units in the following proportion: 2
individuals of 0-0.5 cm width; 5 individuals of 615
cm width and one of 1- 1.5 cm width. The young Carapace width
forms ofU. cordatuswere only released into the boxes
on the following day. The water level was raised 1%y 5 Frequency distribution of carapace widt\Qof all
cm above the sediment layer and all units (contralddier crabs coliected in a target area of thecordatus
group, containing only mangrove sediment, and theestocking program, in Santo Amaro, Bahia, Brazéfore
treated ones, containing fiddler crabs) receivedJ20 the release of cultivated. cordatus.

0-0.5cm
0.5-1cm
1-1.5¢cm
>1.5cm
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Relationship of Fiddler Crabs and Youngsters
of Ucides cordatus

lower (N=20, F=10.35, P=0.0004) than those observed
for either in the control groups. No significant
differences (p>0.05) were detected either between

All the fiddler crab individuals released into control groups, or between the treatments (Fig. 4).
the experimental units survived. No differences

between survivorship rates b cordatusmegalopae
and juveniles were observed in any of the treatroent
control groups. Survivorship rates &f. cordatus

young forms observed in the control groups were not —

significantly different from those obtained in

treatments M 0-0.5 and J 0-0.5. However, the
survivorship rates of treatments M 0.5-1cm, J Q.5-1
M 1-1.5 and J1-1.5 were lower (n = 40, F = 28.62,

p<0.0001) than those of the control groups (FiglIr8)
the treated units in which mortality was observeal,
remains of deadJ. cordatusyoungsters were found
after only 24 hours, indicating predation by thadfer
crabs.
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Fig. 3. Effect of presence of fiddler crabs of eiéint
carapace width on the survivorship rates Wf cordatus
youngsters in a limited environmenithout shelter. White
bars represent treatments using megalopae and lgnesy
represent juvenile survival rates. Letters aboves lradicate
homogeneous groups according to Tukey’s HSD test.

Experiments Simulating Natural Conditions
The survivorship rates observed fdJ.

cordatus megalopae as well as for juveniles in th
treatments occupied by fiddler crabs were signifilya
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Fig. 4. Effect of presence of fiddler crabs on shevivorship
rates ofU. cordatusyoungsters in a natural refuge simulating
environment. Letters above bars indicate homogeneou
groups according to Fisher’s LSD test.

Discussion

The community structure of the mangrove
area studied showed a great dominance of fiddédorscr
(Uca spp). Indeed, other authors (MASUNARI,
2006) have reported the abundance of these crabs in
Brazilian mangrove swamps. According to Crane
(1975), fiddler crabs compose a significant portidn
the macrofaunistic biomass of the intertidal zand,
given their great abundance in estuarine areas, the
feeding activities are considered.

One of the most important factors
influencing nutrient mineralization and ecological
transference to the food chain in these habitats
(MONTAGUE, 1980).

The diet of fiddler crabs is based on benthic
microflora, such as bacteria, diatoms and blueealga
associated with organo-mineral substrateRANE,
1975). These crabs are commonly cited as prew for
variety of animals such as mammals, birds and fish
(MASUNARI, 2006) and even as competitors Wf
cordatussettlers (SILVA, 2006). However, it has not
been possible to find any reports on the predation

ebehavior of fiddler crabs in the literature. Ousuks
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show that fiddler crabs play an important role asletermining factors when the prey is a crab species
predators ofU.cordatus crab settlers. We observed (BEHRENS YAMADA; BOULDING, 1998; LUPPI
that these crabs can prey actively on young forfns @t al., 2001).

U. cordatus whether in the megalopa or juvenile Considering that most fiddler crabs found in
phase. Interspecific predation on settlers hasladem the study area were smaller than 1lcm (carapace
described in studies conducted with crabs of othewidth), it is possible to hypothesize that relegdih
species, such as Cyrtograpsus angulatus, cordatusjuveniles with larger CW would be a possible
Chasmagnathus granulatdLUPPI et al., 2001) and way of reducing mortality due to predation by fieidI
Panopeus herbst{iDITTEL et al., 1996). crabs.

Burrowing is commonly cited as an Evaluating the effectiveness of the
important behavior to avoid predation of post-lared  restocking of the Japanes$®ortunus trituberculatus
many aquatic organisms, such as the loldtanarus (MIERS, 1876) programs, Ariyama (2000) conducted
americanus(see Barshaw and Lavalli, 1988), as wella series of intensive release-recapture trials of
as crab species (HECK; HAMBROOK, 1991; OLMI; laboratory produced recruits and concluded that
LIPCIUS, 1991; DITTEL et al., 1996; MOKSNES et releasing first instar juveniles (~5mm CW) resulied
al., 1997; HEMMI, 2005; ZEIL; HEMMI, 2006), no settled crab one week after release. In contnast
including U. cordatus(BRANCO, 1993). Luppi et al. found that by releasing instar IV juveniles (~17 mm
(2001), studying interspecific relations©f angulatus cw) it was possible to reach satisfactory survikigrs
andC. granulatareport that the access of the predatorates (30% of survivorship one month after release)
to the prey’s refuge is an important factor whichThis author attributed the results obtained tohilgber
affects the mortality due to predation on settlers. susceptibility of juvenile | to predation by fishaad

In our first experiment relating to predation, other crabs. To obtain instar IV juveniles, Japanes
no substrates were provided fod. cordatus researchers had to implement a secondary rearing
youngsters and they were thus incapable of bur@winphase in their restocking methodology (SECOR et al.,
or hiding. It is therefore possible that the matyal 2002).
rates registered in this experiment were much highe In the light of this information and the
than would be observed under natural conditions. Oresults of our experiments, we recommend that tsffor
the other hand, the results of the experimento restockU. cordatusshould consider the possibility
simulating natural mangrove habitats showed thagf the implementation of a secondary rearing phiase,
even when sediment was provided as a refuge, vehich juveniles might achieve a suitable size to
similar pattern was observed, with survivorshigesat protect themselves from predation, in order to enba
significantly lower in the presence of fiddler csab the effectiveness of the process. Furthermore,
Based on these results, it is possible to suggasirth investigations of optimum release sizedJofcordatus
natural environments the predation practised byidid juveniles still need to be undertaken to deternfore
crabs is a key factor influencing the recruitmehtlo how long this second rearing phase should last,
cordatus considering the naturally slow growth rate bf

Furthermore, the results of this study showcordatus
that the release of young forms during the juvenile
phase, specifically in stage 1, did not signifitant
reduce mortalities due to interspecific predatiém. REFERENCES
both experiments, those conducted without substrate
and those simulating natural conditions, juvenilesiriyamA, H. Studies on Ecology and Stock Enhancemen
showed survivor performances similar to those of of Swimming CrabPortunus trituberculatusn Osaka
individuals in the megalopa phase. Bay. Bull. Osaka Prefect. Fish. expl. Stat,v. 12, p. 1

One of the most important patterns observed - 90, 2000.
in our study showed that the predation of fiddieths BARSHAW, D. E.; LAVALLI, K. L. Predation upon
on young forms ofJ). cordatuswas practised only by postlarval lobstersHomarus americanysby cunners,
individuals with CW larger than 0.5 cm. Bearing in | 2utogolabrus adspersysind mud crabsNeopanope

- . sayi, on three different substrates: eelgrass, mud, and
mind that the whole assay lasted for only 24 hoitrs, rocks.Mar. Ecol. Prog. Ser.,v. 48, p. 119-123, 1988.

is possible to suppose that even smaller fiddleb€r gEHRENS YAMADA, S.. BOULDING, E. G. Claw
would eventually prey ohJ. cordatusyoungsters after morphology, prey size selection and foraging edficly
a longer period. However, this pattern is an intitica in generalist and specialist shell-breaking crabsexpl
that size difference between fiddler crabs and goun  mar. Biol. Ecol.,v. 220, p. 191-211, 1998.

forms ofU. cordatus(first instar crab CW = 1.71 mm, BOEGER W. A;; PIE M. R.; OSTRENSKY A.; PATELLA
Dielle, 2000) is a factor limiting predation. Preus Eupb%tﬂsarg%yzﬁ?c g;;?g;&emu:zgisggw:l&yo g‘;'lfze”
stud_les of th_e interactions between prey and poeslat v. 100, . 2, p. 161-167, 2005.

of different sizes have indicated prey size asafrtbe
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