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ABSTRACT

The aim of the present work was to study the raprtide behavior of the mangrove cradbic{des cordatysin the
estuary of the lgaragu River (Piaui, Brazil). Calp and mating were observed in December 2007 iand
January-March 2009. The most frequently observgnoductive behavior was the transference of eggs time
abdomen of the female. Some disputes between aralesome copulations were observed. The males matied
more than one female each night and all matingvégtioccurred at night. The establishment of a etbseason
coinciding with the mating season represented d&ectfe strategy for the preservation of the speeithen the
socioeconomic situation of the community of gattsanes taken into account.
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INTRODUCTION ovulation generally occurs with some delay
(Hartnoll 1969; Sastry 1983; Sainte-Marie 2007).
Life history theory explains the species diversityThe stage in the moulting cycle of the female is an
and variety in life styles as a result of naturalmportant determining factor in reproductive
selection, fitness, constraint and adaptatiolehavior. The mating occurs with the female
(Stearns 1992). As one of the most importangonopore decalcified (Adiyodi 1985). In the
events in the life of the individual, reproductisn females of species with calcifying gonopores,
closely tied up with the life history theory. Life mating must take place while the gonopores are
history strategies reflect the allocation of arflexible, as in the short period between the
organism’s resources to the purposes of growtmoulting and complete recalcification of the
maintenance and reproduction (Varpe 2006). exoskeleton. However, in many species, mating
In a study on the life history strategies of crabstakes place at a time in the intermoult period when
Hartnoll and Gould (1988) observed athe gonopores become partly decalcified (Hartnoll
considerable diversity of reproductive patterns1969). Depending on the species, mating is
possibly related to environmental factors. Thepossible with the female undergoing moulting or
mating of the crabs depends on the individual leveh the intermoult period, but the carapace of the
of sexual maturity and stage in the moulting cyclénale must be fully calcified to accomplish the
(Hartnoll 1969). In order to mate, the males musteproduction (Hartnoll 1969).
have sexually mature gonads, while females cahhe time from mating/sperm transference to
mate before the gonads are fully mature agvulation/oviposition varies greatly among crab
species, but fertilization, ovulation and ovipasiti
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occur within a relatively short time frame subsidy to public policies protecting the species
(Hartnoll 1969; Sastry 1983; Diele 2000).from overfishing and stock decline.

Differences may be associated with the moulting

stage of the female, the sperm transference and

storage method, and the form of fertilization andMATERIALS AND METHODS

incubation. The interplay between these aspects

and the animal's habitat and lifestyle play arviangrove crab populations were observed during
important role in the reproductive success of eacthe mating season in December 2007 and in
species (Sastry 1983). January—March 2009. The area of study was a
The mangrove crabJcides cordatus(Linnaeus, mangrove swamp in the estuary of the lgaracu
1763) may be found in burrows on tidal mangroveRriver, Piaui, Northeastern Brazil (B3'S and 41°
mud flats near the sea. By their extensivei1'w).

burrowing and displacement of debris, mangrovdhe behavior of the crabs was observed and
crabs contribute to loosening and aerating the saikgistered on the days when the crabs were
(Rodrigues et al. 2000), and is key species iengaged in mating activity. During the first hotir o
nutrient cycling (Wolff et al. 2000; Shories et al.observation, the specimens were captured in order
2003; Nordhaus et al. 2006)lhe species is to register the gender, shell hardness, carapace
distributed throughout the tropical Westernwidth, the presence of eggs, and substratum (mud
Atlantic, from Florida to the Mexican Gulf, or roots). The sampled specimens were returned
Central America, the Antilles, Northern Southunscathed to the environment. Subsequently,
America and Brazil (Melo 1996). Its large size anctourting and mating behaviors were observed and
savory flesh makes it a popular food and amegistered in detail for both the genders. Finally,
important fishing resource and source of incoméive specimens of each gender and three mating
for the communities residing in the vicinity of couples were collected for the laboratory analysis
estuaries (lvo and Gesteira 1999; Rodrigues et alf the gonads according to the methodology of
2000; Alves and Nishida 2003; 2004; Leegatal. Linhares (2010).

2005; Diele and Koch 2010).

Despite the socioeconomic importance, the

ecology of crabs semi-terrestrial is scarce ansl thRESULTS

hampers the development of management

Strategies (Dlele et al. 2005) Thus, over the pash the daytime of mating season, the mangrove
few years, the population obl. cordatus in  crabs moved about on the mud flats cautiously in
Northeastern Brazil has declined dramaticallymuch the same way they did outside the mating
mOStly due to habitat destruction, overfishing an%eason_ During the low tide at night’ however, mud
disease (Alves et al. 2005; Legat et al. 2005ats, burrow entrances and red mangrove roots
Boeger et al. 2007)In addition, prior to the (Rhizophora mang)ewere teeming with mating
establishment of the closed season (IBAMAcrabs (Fig. 1).

34/03-N of July 24, 2003), catchesdf cordatus The specimens captured for the measurement
actually increased during the mating season (Norgicluded 51.5% males, 35.1% egg-bearing females
1994a; Alves and Nishida 2004) since mating angind 13.4% non-egg-bearing females of a total of
spawning require the animals to spend more timg71 crabs. On the average, the carapace width was
outside their burrows. (Nordi 1994a; Alves andg9.8 + 6.7 mm (range: 49.95-79) for the males,
Nishida 2004; Linhares et al. 2008). The life cycleand 59.8 + 6.9 mm (range: 44.5-74.25) for the
and daily activity of the mangrove crab has beefemales. All the sampled specimens had hard
shown to be directly affected by the tides and thghells. With regard to substratum, the animals
lunar cycle (Alves and Nishida 2002). Thus,occupied mud flats (60.8%) and red mangrove
according to several studies and crab fishermemots (39.2%), however, with a gender-specific
interviewed by Souto (2007), the lunar cyclegifference. The vast majority of the males (96.6%)
exerted a direct influence on the behavior of thgere collected on the mud flats, while the females
mangrove crab during the mating season. were predominantly (77.12%) observed on the

The objective of the present study was to describgots. Most of the females perching on the roots
the reproductive behavior of the mangrove cralp79 794) were egg-bearing.

(Ucides cordatus during the mating season as a
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An average of 1.5 copulations were observedrew the female closer until she was firmly

(range: 0-4) per night. Courtship was initiated asecured. With the body raised, the male introduced
the male positioned himself in the front of thethe gonopod into the female gonopore (Fig. 2).
female. In some cases, the female refused the ma®urtship and mating lasted 15-30 min. Following

and withdrew. However, when the female wasopulation, the male released the female from his
receptive, the male extended the chelipeds and tigeip. In some cases, the male immediately went in
second pair of pereopods laterally forming an arckearch of another female for mating. During the
around the female while intermittently openingcourtship and mating, the male secreted a foamy
and closing the abdomen. Standing on the thirdgubstance from the oral cavity.

fourth and fifth pair of pereopods, the male then

Figure 1- Mangrove crabsU. cordatu$ during mating season. A: females mangrove crabs
perching on red mangrove roots; B: males at theolwentrance.

Figure 2 - Courtship and mating of the mangrove crdbcordatu3. A: male extending chelipeds
and second pair of pereopods laterally; B: malegugihelipeds and second pair of
pereopods to form arch around female; C: male drgfémale closer and securing her
firmly. (M = male; F = female; C = cheliped; P =rpepods).
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Few disputes between the males were observeabdomen, mostly while the females were perching
When disputing, the males used their claws to prodn the roots. At this point, the egg mass had a
each other on the carapace or claws. In somuid appearance (Fig. 3). One female was
cases, a female was seen beside two disputimpserved releasing the eggs while on the ground
males. but the egg mass did not come into contact with
The most frequently observed reproductivehe substratum.

behavior was the transference of eggs onto the

Figure 3 - A: Ovipositing mangrove cralJ( cordatu$ on red mangrove root8: Egg mass of
liquid appearance immediately after oviposition.

Eighty-five percent of the egg-bearing femaledMating generally occurred during three
preferred roots to mud flats. The eggs of theseonsecutive days each month of the mating season.
females had a generally liquid appearance, whil&€he second day was always the most hectic. Table
the eggs of the females observed on mud flats showed the dates on which mating was observed
presented a more solid consistency, with théhroughout the study period. The days with the
exception of the females still engaged inhighest level of activity are highlighted.

oviposition.

Table 1 - Mating days of the mangrove crab throughout thdysperiod. The days with the highest level of\atti
are highlighted.

Month/year Mating days of the mangrove crab
Dec/07 26, 27 and 28
Jan/09 13,14 and 15
Feb/09 11,12 and 13
Mar/09 12 and 13

On the second mating day in March an interesting0 specimens during the first hour on most other
phenomenon was observed. During the first 48ays. This was followed by a heavy rainfall and
minutes of observation, only seven crabs weréhe sudden appearance of a large number of crabs
seen, in contrast with the capture of approximatelynoving about on the mud flats and roots (roots
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were preferred by the females). Thus, in spite ofhe behavior of the female crustaceans at the time
the small number of crabs captured for theof courtship and mating depends on the stage in
measurement on this occasion, the day wake individual moulting cycle. In the species
considered the most hectic in terms of matingnating during the moulting of the female,
activity. courtship is long and elaborate (Adiyodi 1985). It
The analysis of gonads revealed that all théegins in the pre-moulting period and lasts until
sampled females were sexually mature and/or ithe new shell of the female has hardened. In the
the recovery phase. Non-egg-bearing femalespecies mating during the intermoult period of the
presented mature ovaries. In egg-bearing femalefgmale, courtship is shorter and less elaborate. Th
the ovaries were in the recovery phase. All thepeciedJ. cordatusmates while both the male and
sampled males had spermatophores in thiemale are in the intermoult period. The courtship
posterior vas deferens, indicating sexual maturityis short, behaviors tend to be repetitive and the
Thus, all the animals observed in the activity werenales are more active than females. In the mating
capable of reproducing. occurring with rigid carapace females, the males
crabs abandon the female immediately after
copulation, (Hartnoll 1969; Sastry 1983). This
DISCUSSION pattern was also observed in the present study.
The strategy of mating primarily at night appeared
Crustaceans are considered a dominant ard minimize the risk of attack from the predators
successful group of animals represented by a larggiring the reproductive activities, such as
number of species with an ample variety of lifeoviposition.
styles and habitats (Sastry 1983). This diversity iln a study on the mangrove crab, Costa (1979)
the result of life history patterns and reproduetiv found that mating began with the female entering
strategies shaped by a combination of biotic andn abandoned burrow from which she was
abiotic factors in each environment (Sastry 1983gubsequently dragged out by the male. The
as observed in the caseldfcordatus. courtship then began as the male and female prod
The males of the mangrove crab grew larger thagach other with their claws in preparation for the
the females (Alves and Nishida 2004; Diele andopulation. This behavior was not observed in the
Koch 2010). This was too observed for othepresent work, rather the male approached the
species of Brachyura, &haceon affini{Pinho et female frontally with slow movements of the
al. 2001), Portunus pelagicugXiao and Kuma claws.
2004),Uca inversa(Litulo 2005a),Uca annulipes Earlier studies suggested that the male crabs were
(Litulo 2005b), Chaceon notialis(SantAna and successful at mating only if they could physically
Pezzuto 2009) andJohngarthia lagostoma subdue the female. This was in part a result of the
(Hartnoll et al. 2009)This was likely related to an belief that only moulting females copulated.
aspect of the life history of the female, namely th However, it is now known that in many crustacean
decrease in the growth rate following the firstspecies, mating occurs while the female is in the
reproduction (Charniaux-Cotton et al. 1992)jintermoult period and therefore requires
which occurred naturally as the functions ofrecognition on part of the male and cooperation on
growth and reproduction began to compete for thpart of the female to be successful (Hartnoll 1969)
allocation of energy (Hartnoll 1985; Hartnoll andSilva et al. (1994) reported that the differenaes i
Gould 1988). Thus, the larger size of the malepost-maturity development of the second and third
observed in this study could be explained by thegair of pereopods in the spiny lobst&a(ulirus
fact that all the females were sexually mature, a@evicauda could be explained by the need of the
shown by the laboratory analysis. In other wordsnale to maneuver the female during the
mature females tended to be smaller than theopulation. In the present study, the male crabs
males because the development of reproductiwsed the second pair of pereopods to encircle the
tissues required more energy on the part of thiemale. Thus, in addition to being an organ of
females while less energy was made available fdecomotion, the second pair of pereopods could be
the continued body growth. This was alsoconsidered a mating-related structure.
supported by the greater development of th&ome authors have observed the secretion of a
female gonads. foamy substance from the mouth of the male
mangrove crab during the courtship and mating
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(Nascimento 1993; Pinheiro and Fiscarelli 2001)described earlier. The behavior was almost always
According to some authors, the substance coulobserved while the females were perching on the
partly cover the animal. In the present studyroots. The females transferring the eggs while on
however, the substance was secreted in smdhe ground avoided contact between the egg mass
amounts limited to the oral cavity. Sexualand the substratum. Due to the liquid consistency
pheromones have already been described for tlé the egg mass upon oviposition and consequent
male and female crustaceans (Bouchard et alulnerability to contact with water, females have
1996). Thus, it could be hypothesized that th@dopted the strategy of releasing their eggs while
foamy substance observed in the present stugyerching on dry roots.

contains a pheromone facilitating the approach oAs shown by the present study, mangrove crabs in
the males and females. the estuary of the Igaragcu River generally mated
It is often difficult to observe crustaceans matingluring three consecutive days in each month of the
under natural circumstances. There arenating season. In comparison, Diele (2000)
nevertheless indications that certain species areported 1-4 days of monthly mating activity in a
polygamous (Sastry 1983). In the present studytudy carried out in the estuary of the Caeté River
the mangrove crab clearly displayed polygamouéPara-BR) and Costa (1979) reported 2-3 days for
behavior, with the males attempting to mate withthe crabs in the mangrove swamp of the Ceara
more than one female on the same night. The moRiver (Ceara-BR). Table 2 reveals a tendency for
frequently observed reproductive behavior — théonger mating seasons with lower latitudes.
transference of eggs onto the abdomen — was not

Table 2- Mating season of the mangrove crab ¢ordatu$ at different latitudes.

. Month
Latitude Authors/Year T F M A MJ JAS ONOD
26°11'S Wunderlich et al. (2008) X X
24°41'S Pinheiro and Fiscarelli (2001) X X
14°30’ - 15°00'S Vasconcelos (2008)* X X
12°39'S Souto (2007)* XX X
6°44’ - 6°50'S Alves and Nishida (2004) X X
3°40'- 3°45'S Costa/1979 XX X X X X
2053'S Present study XX X X
2043 - 2°59'S Linhares et al. (2008)* XX X X
1°00'S Diele (2000) XX X X X

* Period mentioned for the mating station by gagher

The reproductively active females swarm in searchurrows stimulates the production of sexual
of a location to release the larvae in the Curimnatahormones.

River (Rio Grande do Norte-BR), especially by theBased on the literature (Diele 2000; Pinheiro and
end of the mating season in March (Vasconcelos €iscarelli 2001) and the present observations, the
al. 1999). This was not observed in the presertinar phases played an important role in the
study. Morgan (1996) found that the larvae of cralmating cycle of the mangrove crab. All the mating
species living near the water's edge could bé&ook place at full moon or new moon. In
released inside the burrows in the mud, while th®ecember 2007, the most hectic mating day
females of species less dependent on the aquaticincided with the new moon. In each month of
environment might need to migrate farther. Thes2009 covered by the study, the reproductive
differences in the reproductive timing andactivity started on the third day after full modn.
environment could be determined genetically oa study from Para (Diele 2000), each month
imposed phenotypically by the environmentalreproductive activity was observed to start 1-2
conditions (Morgan 1996). The mating season oflays after the new moon. Wunderlich et al. (2008)
the mangrove crab is closely tied up with the rainfound mating activity to be clearly associated with
season. In fact, heavy rainfalls appear to triggethe new moon or full moon, beginning 2—3 days
the mating behaviors (Nascimento 1993), perhapafter these events. The observed reproductive
as abrupt changes in the salinity in the animaldehaviors matched the findings from several other
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studies on the crabs, reinforcing the monophyly oAlves RRN, Nishida AK. Population Structure of the
the taxon Reptantia (Christtofersen 1988). Man%rove)CraU;udes cordat?s{(h:rustacea: Decapoda,;

; ; _ : .. Brachyura) in the Estuary of the Mamanguape River,
thchlng mangrO\_/e Crabs_ls t_)aCk brfaaklng and ill Northeast Brazil. Trop. Oceanog2004; 32: 23-37.
paid work (Nordi 1994a; b; 1995; Alves and

L R ’ . Alves RRN, Nishida AK, Hernandez MIM. Environmental
Nishida 2003; Linhares et al. 2008; Nordi et al. perception of Gatherers of the Crab Caranguejo-ucé

2009), but many gatherers have no other (Ucides cordatus Decapoda, Brachyura) Affecting
significant source of income (Linhares et al. 2008) Their Collection Attitudes.J. Ethnobio. Ethnomed.
In addition, a considerable part of the local 2005;1:1-8. _ _
community obtain an important income from theBogger WA, Pie MR, Vicente VA, Ostrensky A, Hungria

. . DB, Castilho GG. Histopathology of the mangrove land
processing, transportation and salet/otordatus crab, Ucides cordatus (Ocypodidae), affected by

(Glaser 2003). These facts explained why even ewargic Crab Disease: clues to understand thestise
though most gatherers realized the establishmentpis. Aquat. Org2007; 78: 73-81.

of a closed season was an important step towar@suchard S, Sainte-Marie B, McNeil IJN. Indirect evide
preserving the mangrove crab stocks Linhares etindicates female semiochemicals release male

al. (2008), not all were able to comply with the precopulatory behaviour in the snow crélljionoecetes
regulations opilio (Brachyura: Majidae)XChemoecol1996; 7: 9-44.

. Charniaux-Cotton H, Payen G, Ginsburger-Vogel T.
Thus, to develop the effective crab stock Arthropoda-Crustacea:  Sexual Differentiation. In:

management strategies, the policy makers need toadiyodi KG, Adiyodi RG, editors. Reproductive
take the socio-economic situation of the Biology of Invertebrates V. New Delh®xford and
community of gatherers into account, changing the IBH Publishing Co.; 1992. p. 281-323. _

focus from the resource as such to the binomi&hflStOﬁ:ersen ML. Phlegeneth SyStematlca of Eidz
gatherer-resource (Nordi 1994a: Alves and g(érlustacea Malacostrac&ev. Bras. Zool1988; 5: 325-
NIShlda, 2004; Alves et_ al. 2005), _and look into osta RS. Biologia do caranguejo-uggides cordatus
alternative sources of income during the closed (|jnnaeus, 1763) — Crustaceo, decapode — no nerdest

season. brasileiro.Bol. Cear. Agron1979; 20: 1-74.
Diele K. Life history and population structure of the
exploited mangrove crabl. cordatus(L.) (Decapoda:
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