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The harvested mangrove crab Ucides cordatus exhibits conspicuous cycles of searching for mates en
masse. This phenomenon, called andada, always occurs at the syzygies, but the particular moon phase,
full, new or rarely both, varies for unknown reasons. The presence and absence of andada activities of
a Northeast Brazilian crab population was assessed by boat between 2006 and 2011. In 2008 crabs were
additionally collected in sampling plots to determine the duration and intensity of andada events and in
2010 the timing of andada with respect to the light:dark cycle and tidal cycle was studied by observations
from platforms. We found that andada occurred during the day and night and that the rhythm of mate
searching was linked to the syzygy tide inequality cycle (STIC). Andada shifted between new and full
moon, depending upon which moon phase had the higher amplitude tides. The ultimate cause of andada
is likely to be increased larval survival after synchronous release at highest amplitude spring tides
1 month later. Such anticipatory behaviour is probably under endogenous control. The results of this
study can help to improve temporal placements of capture bans for this harvested species and reduce
current conflicts between fishers and regulatory agencies.
� 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Biological rhythms are universal but frequently overlooked
phenomena of life and are found in all major groups of organisms
(Koukkari & Sothern 2006). They are often synchronized with the
earth’s major geophysical cycles (Palmer 1995; Naylor 2010).
Knowledge of the rhythmicity and predictability of reproductive
behaviour of exploited species is important for their management
and conservation (Sutherland 1998; Naylor 2005). For example, the
activity and catchability of the lobster Nephrops norvegicus is driven
by the light:dark cycle, whereas the fishery of the palolo worm,
Eunice viridis, is restricted to spawning periods determined by the
seasonal cycle (Naylor 2010). Cycles related to tides are also
significant for fisheries management (Naylor 2005). The lunar
synodic cycle (29.53 days) is the successive approximate alignment
and nonalignment of the moon, sun and earth driving the tidal

amplitude cycle. Tidal amplitudes are highest at new and full moon
when the centres of the earth, moon and sun lie along a straight
line: a configuration called syzygy. Tide-related cycles are partic-
ularly important for intertidal organisms exposed to fluctuating
environments. Land crabs (sensu Burggren & McMahon 1988), for
example, exhibit daily cyclic routine behaviour such as feeding
during low tide and burrow dwelling during high tide (Crane 1975;
Nordhaus et al. 2009). In addition, some crabs perform episodic
movements related to reproduction, including the Christmas Island
crab, Gecarcoidea natalis, with its spectacular migration synchro-
nized with the synodic cycle (Adamczewska & Morris 2001).

In addition to the synodic cycle, the less-well-known anom-
alistic cycle (27.55 days) affects tidal amplitudes. This cycle results
from the gradual shift of the moon from a point closest (perigee) to
a point farthest from the earth (apogee). When perigee coincides
with new moon syzygy, tidal amplitudes are higher than around
full moon, and vice versa. In most places of the world perigee and
syzygy coincide everyw7 months, alternately at newand full moon
(Dronkers 1964;Wood 1986; Skov et al. 2005). This cycle was called
the ‘syzygy inequality cycle’ (SIC; Skov et al. 2005), but we use the
term ‘syzygy tide inequality cycle’ (STIC), as it is the tide (height,
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amplitude and resulting current) and not the alignment of the sun,
moon and earth that is unequal between full and new moon.

Spawning rhythms of many crab species are synchronized with
highest tidal amplitudes, which facilitate larval export, thereby
maximizing larval survivorship (reviewed in Christy 2011). Skov
et al. (2005) demonstrated for the first time a direct link between
STIC and crab larval release rhythms. Switches in reproductive
rhythms between new and full moon are also known from some
other marine taxa (Korringa 1947; Pearse 1972; Zucker 1978; Berry
1986; Wood 1986; Morgan & Christy 1995), but have not
unequivocally been related to STIC, mostly because sampling
periods were often not long enough. Rhythms of larval release are
well investigated in crabs, whereas relatively few long-term data
are available regarding the rhythmicity of mating.

The abundant neotropical mangrove crab Ucides cordatus
performs conspicuous cyclic mass mate-searching activities called
andada ( ¼ ‘walk’ in Portuguese; Wunderlich et al. 2008; Diele &
Koch 2010a). These long-lived crabs (Pinheiro et al. 2005; Diele &
Koch 2010b) can reach a carapace width >90 mm and are an
important source of food for traditional coastal populations in
Brazil (Glaser & Diele 2004; Diele et al. 2005; Nishida et al. 2006). It
is traditional knowledge that andada occurs every austral summer
around new moon or full moon and lasts for some days (Nordi
1994; Fiscarelli & Pinheiro 2002). However, data on variation in
the intensity of andada are available for only two locations (Diele
2000; Wunderlich et al. 2008). When andada is not occurring,
crabs stay most of the time inside burrows or near their entrances
or forage within a radius of 1 m (Nordhaus et al. 2009), only
occasionally moving further away (Piou et al. 2007). By contrast,
during andada the crabs, mostly males, are unusually active and
walk over longer distances while searching for mates (Diele & Koch
2010a). Copulations have rarely been observed on the sediment
surface (Góes et al. 2000; Diele & Koch 2010a). Crabs that are
looking for mates often remain outside their burrows, even when
they are disturbed. This makes them easy to capture, which is why
the fishery is banned on andada days. Andada occurs at either full
moon or new moon, or, more rarely, at both moons (Diele & Koch
2010a; K. Diele & A.J. Schmidt, personal observation). The reason
for this has not yet been identified, and capture is therefore banned
nationwide around each new moon and full moon during the
reproductive season, generating discordance between fishers and
managers. The placement of the bans, including their duration, is
re-evaluated every year by ‘regulatory agencies’. However, re-
evaluations are conducted without quantitative data regarding
the duration and timing of andada. Such data could be used by
managers to impose bans only during andada, and this would
encourage fishers to comply with the law.

The present work focuses on a Northeast Brazilian U. cordatus
population within a marine protected area in which fishing is
permitted and regulated. We monitored the temporal occurrence
and abundance of crabs displaying mate-searching behaviour to
determine whether the local rhythm of andada is linked to
geophysical cycles, including STIC.

METHODS

Study Area

The study was performed in Rhizophora mangle mangrove
stands of Caravelas estuary (Bahia), Northeast Brazil (17� 450 45.0,
039� 130 48.0). The average annual air temperature is 24 �C, with
lowest values occurring in July, (21.9 �C, austral winter) and highest
in February (26.3 �C, austral summer; Gomes-Sobrinho 2008).
Precipitation is highest in November (195.3 mm) and lowest in
August (57.3 mm), with intermediate values in February (68.0 mm),

March (112.5 mm) and April (146.4 mm; Gomes-Sobrinho 2008).
Tides are semidiurnal with amplitudes between 0.5 m and 2.5 m.
The forest is at least partially inundated by oceanic water twice
a day, except during neap tides. Average salinity and surface water
temperatures during summer were 37.5 � 0.19 and 29.4 � 0.14 �C,
respectively, and 32.5 � 1.86 and 23.0 � 0.06 �C in winter
(Travassos et al. 2006). The study site is part of the Extractive
Reserve Cassurubá and all permits necessary for the fieldworkwere
issued by the Instituto Chico Mendes de Conservação da Bio-
diversidade (Sistema de Autorização e Informação em Bio-
diversidade Number 22945-1,2). Our study species, U. cordatus, is
neither endangered nor protected.

Occurrence of Andada at New or Full Moon

For rapid assessment of whether andada occurred at new moon
or full moon, or both, in different months and years, data were
collected at the respective moon phases from January and April
between 2006 and 2011. Monitoring of the presence or absence of
andadawas conducted on tidal day (24 h and 51min) 1, 2 and 3 after
new moon and full moon, about 2 h after high tide during the day,
by slowly driving along the shore of an approximately 4.5 km long
channel with a motor boat. The distance between the boat and the
forest margin was about 5 m. We judged that andada occurred on
the days we saw crabs walking extensively outside their burrows.

Total Duration and Intensity of Andada over Different Days

To study the duration and to quantify the intensity of andada
events, crabs were collected inside three 5 � 100 m replicate plots
(with a distance of about 1500m in between) in February andMarch
2008. “Two people simultaneously counted and captured the crabs
that were active outside their burrows and put them in bags carried
by a third person, to avoid duplicate counts. Crabs were released at
the same place.” The total time spent to sample each plot varied
between 10 and 20 min, depending on the intensity of the andada.
Collectingwas started one tidal day before newmoon and full moon
to ensure that the onset of the andada, which usually occurs 1 or
2 days after new moon or full moon (Diele & Koch 2010a), was not
missed. Sampling was continued until the day no more andada
activities occurred in all three plots. At each tidal day, plots were
sampled once during the day and once during the night, beginning 2
to 3 h after high tidewhen the forest floor was no longer inundated.

Andada Intensity Throughout the Light:Dark Cycle and Tidal Cycle

Studying the timing of andada with respect to the day:night and
tidal cycles requires more frequent observations. Walking humans
produce visual stimuli and substrate vibrations that disturb crabs.
To reduce such disturbances we observed crabs from platforms.
Three platforms, 3.5 m2 and 2 m high, were installed in 2010
approximately 1500 m apart from each other at sites with similar
vegetation cover and crab burrow density. On each of the four sides
of each platform, at a distance of 2 m, a 2 � 2 m replicate plot was
marked with cord. Crabs inside these plots were counted in
February, starting on tidal day 2 after new moon and full moon, at
the first slack high tide, and finishing on tidal day 4, at the ending
flood. Counting began every 1 h 33 min and included 16 scans per
tidal day, eight during the daytime and eight at night-time. Scan-
ning took 1 to 5 min per plot, depending on the crabs’ activity. The
four plots were scanned one after the other by instantaneous
sampling (Martin & Bateson 1993). With infrared monoculars
(NewtonNV 2� 24, Germany) it was easy to count during the night,
except during the highest water level at nocturnal high tide, when
it was more difficult to spot active crabs.
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Abiotic Data

In 2008 and 2010, air temperature, water temperature and
salinity at 5 cmwater depth weremeasured in adjacent tidal creeks
or around the platforms before the scans. Inundation depth around
the platforms was measured in 2010. Tidal amplitudes at syzygy
were calculated subtracting low tide values from previous high tide
values, as predicted by the local tidal table (DHN e Marinha do
Brasil, unpublished) at 3 days around newmoon and full moon (day
0 until day 2). In the study area the largest tidal amplitudes usually
occur at day 1 after full moon or new moon throughout the year.

Statistical Analysis

Analyses were performed separately for mate-searching
behaviour (walking, exploring burrows and fighting) and routine
behaviour (foraging, feeding and burrow maintenance). Average
abundance (number of crabs active outside their burrows at each
plot) per scan was compared with repeated measures ANOVA fol-
lowed by a Bonferroni post hoc test. The sphericity assumptionwas
tested with Mauchly’s test and no correction of degrees of freedom
was necessary. Data were square root transformed when necessary
using (Ox) þ (Oxþ1) to reach homoscedasticity (Freeman & Tukey
1950), and tested with Cochran’s C test. Data remained non-
normal even after transformation, but parametric statistics were
still applied owing to the robustness of ANOVA (Underwood 1997).
A detrended cross-correlation analysis between the time series of
crab abundance and the time series of air temperature, water
temperature, salinity, (for both collections and platform scan data),
tidal amplitude (for collection data) and tidal height (for platform
scan data) was performed. Tidal height was considered for the
platform data, as sampling from the platforms was more frequent

than the amplitude data provided by the tide table. Mean inun-
dation depth during high tide andmean tidal amplitude around full
moon and new moon were compared with Student’s t test. All
average values are given together with SEs.

RESULTS

Abiotic Data

In 2008 and 2010 abiotic parameters (except tidal amplitude,
see below) at new moon and full moon were similar (P > 0.05).
Pooled average values in 2008 were 27.0 � 0.3 �C for air tempera-
ture, 28.3 � 0.2 �C for water temperature and 39 � 0.5 for salinity.
In 2010 air temperature was 28.8 � 0.07 �C, water temperature was
29.0 � 0.12 �C and salinity was 39 � 0.13.

In 2006 and 2007, from January to April, mean tidal amplitude at
syzygy was significantly higher (t test: t10 < 5.29, P < 0.05) at new
moon than at full moon (Fig. 1a). A shift occurred in 2008, when
tidal amplitude was significantly higher at full moon in January (t
test: t10 ¼ 2.41, P ¼ 0.04), equal at new moon and full moon in
February and significantly higher at new moon in March, January
(t10 ¼ 3.63, P ¼ 0.005) and April (t10 ¼ 4.50, P ¼ 0.001; Fig. 1a, b). In
January 2009 tidal amplitude was significantly higher at full moon
(t10 ¼ 2.58, P ¼ 0.03), and from February 2009 to April 2009 no
significant differences existed between tidal amplitudes at new
moon and full moon (Fig. 1a, c). In 2010 and 2011, from January to
April, mean tidal amplitude at syzygy was significantly higher
(t test: P < 0.05) at full moon (Fig. 1a). Inundation height was
measured in 2010 and was also significantly higher around full
moon than at new moon (0.30 � 0.01 m versus 0.42 � 0.02 m;
t test: t142 ¼ 4.93, P < 0.0001).
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Cross-correlation between Crab Abundance and Abiotic Data

There was no significant cross-correlation between crab abun-
dance and air temperature, water temperature or salinity (both
crab collection and platform scan data), but crab abundance and
tidal amplitude were in phase, as indicated by a maximum
cross-correlation at lag zero (crab collection data, February 2008,
cross-correlation: r ¼ 0.81, P < 0.001; March 2008: r ¼ 0.75,
P ¼ 0.014). The latter two parameters were always higher at night
than during the day. Crab abundance and tidal height correlated
only very weakly (platform scan data, February 2010, cross-
correlation: r ¼ 0.32, P ¼ 0.047).

Occurrence of Andada at New or Full Moon

Across years, andada occurred during the moon phase with the
larger amplitude tides and it occurred during both syzygies when
the two monthly spring tides were approximately equal in ampli-
tude (Fig. 1a).

Total Duration and Intensity of Andada over Different Days

In total, 418 crabs were counted at collections during andada
around new moon in 2008, 236 in February and 182 in March.
Average crab abundance differed significantly between tidal days
(repeated measures ANOVA: February: F12,26 ¼ 8.060, P < 0.0001;
March: F12,26 ¼ 5.359, P < 0.001). In February, mate-searching
activities were first observed at the day of new moon (day 0) and
reached a peak at day 2 (Fig. 2a) when high tide occurred just after
dusk (Fig. 2b; 18.3 � 3.92 individuals/500 m2). Crab abundance was
significantly lower in the morning of day 3 and increased again
during the following night (16.0 � 1.53 individuals/500 m2; Fig. 2a,
b). After this secondary peak, abundance decreased until reaching
zero on day 7 after new moon. In March, a similar pattern was
observed, but peaks occurred one day later, on day 3 (16.3 � 5.70

individuals/500 m2) and day 4 (11.7 � 1.20 individuals/500 m2) just
after dusk (Fig. 2a, b).

Andada Intensity Throughout the Light:Dark Cycle and Tidal Cycle

A total of 1817 crabs were counted from the platforms in
February 2010,1630 after full moon (45%mate-searching behaviour
records and 55% routine behaviour records) and 187 after new
moon (100% routine behaviour records). At platform 3, the abun-
dance of males performing mate-searching behaviour was signifi-
cantly lower (possibly as a result of a lower number of ovigerous
females) and the variances were not homogeneous with the ones at
the other two platforms. Therefore data from platform 3 were
analysed separately. No significant differences in average crab
abundance throughout the light:dark and tidal cycles was found at
this platform (Fig. 3b, d). However, average crab abundance at
platforms 1 and 2 was similar and there was significant variation
throughout the light:dark and tidal cycles (repeated measures
ANOVA: F42,301 ¼ 5.869, P < 0.0001; Fig. 3a, d). High tide coincided
with dusk on day 3 and soon afterwards crab abundance was
significantly higher than during the first few days of andada. This
higher abundance (4.3 � 0.96 individuals/4 m2) occurred at the
beginning of the nocturnal ebb tide. A similarly high abundance
occurred also on day 4, during the diurnal half of the ebb tide
(4.4 � 1.31 individuals/4 m2). Thereafter, crab abundance gradually
decreased (Fig. 3a, d).

Routine behaviour, which was additionally monitored from the
platforms in 2010, occurred at both new moon and full moon. The
abundance of crabs performing routine behaviour did not differ
significantly between the three platforms, but varied over the
light:dark and tidal cycles at full moon (repeatedmeasures ANOVA:
F43,484 ¼ 10.761, P < 0.0001) and new moon (F37,418 ¼ 2.702,
P < 0.0001). At both lunar samplings, routine activities were more
intense during daytime, especially when the mangrove forest was
not inundated (Figs 3c, d, 4a, b).
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DISCUSSION

The rhythmic mate-searching behaviour of U. cordatus in
Northeast Brazil was linked with the syzygy tide inequality cycle
(STIC), complementing the study of Skov et al. (2005), who
demonstrated a link between larval release rhythms and STIC in
East African brachyuran crabs. We found that the rhythm of andada
of U. cordatus is driven by geophysical cycles of different temporal
scales. We discuss the probable adaptive significance and implica-
tions for the management of this species.

Seasonal Cycle

On an annual scale, reproduction in U. cordatus is controlled by
the seasonal cycle as andada only occurs during the austral summer
(Nascimento 1993; Nordi 1994; Fiscarelli & Pinheiro 2002;
Wunderlich et al. 2008; Diele & Koch 2010a). At our study site,
average air and water temperature during andada months were
approximately five degrees higher than during winter (Travassos
et al. 2006; Gomes-Sobrinho 2008). The optimal water tempera-
ture range for tropical and subtropical crabs generally is above
25 �C, accelerating larval growth, development and metabolism
(Anger 2001). Warmer sea water and longer daylight periods
probably provide even better conditions for phytoplankton
production, thereby increasing the food supply for the larvae and

survivorship (Giese & Pearse 1974). Despite the role of temperature
and photoperiod for reproductive fitness, seasonal cycles in inver-
tebrates have been associated with rainfall rather than temperature
(Hartnoll 1988), mainly because of the benefits of reduced desic-
cation during rainy seasons (Hartnoll et al. 2010). In fact, in many
regions the onset of U. cordatus reproduction coincides with the
beginning of the rainy season (De Geraldes & De Calventi 1983;
Nascimento 1993; Diele 2000), and decreasing salinity was sug-
gested as a trigger (Nascimento 1993). However, at our Northeast
Brazilian study area andada occurred at times of low rainfall and
high salinities. Salinity is always above 32 throughout the entire
year (Travassos et al. 2006) and most rainfall occurs between April
and June (Gomes-Sobrinho 2008) outside the period of andada
peaks. Hence, in Caravelas the seasonal pattern of andada is not
related to rainfall. Instead, temperature and light appear to be more
important for the seasonal cycle.

Synodic and Anomalistic Cycles

Andada occurred during 7 days between new moon and first
quarter or between full moon and last quarter at our Northeast
Brazilian study site, with highest intensity on days 2 and 3. The two
other quantitative studies of andada found similar patterns in
North and Southeast Brazil (Diele 2000; Wunderlich et al. 2008),
suggesting that this timing is typical for reproduction in U. cordatus.
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The higher intensity of andada 2 or 3 days after full moon or new
moon may be a strategy of males to prevent unsuccessful mate-
searching efforts. Females that have copulated during previous
andada usually release larvae from 2 days before until 1 day after
full moon or newmoon, during larger, mainly nocturnal amplitude
tides (Diele 2000). Before having spawned they are probably not yet
ready for another copulation. The delay in the onset of andada
relative to full moon or new moon may already be beneficial for
males during the first andada of a reproductive season, as females
can store sperm for long time periods (Sant’Anna et al. 2007) and
become ovigerous without recent copulation (Diele & Koch 2010a).

At our study site crabs performed andada at the syzygy that
coincided with perigee and that therefore presented the highest
tidal amplitude. Additionally, within the chosen syzygy, crab
abundance kept phase with the daily tidal amplitude fluctuations.
Tidal amplitude successively rose at night and fell during the day
and the same held true for the intensity of mate-searching activi-
ties. Although high tidal amplitudes do not seem to bear any direct
advantage for mating, the precise timing of mating (and fertiliza-
tion, see below) sets the clock for subsequent larval release at high
amplitude spring tide 1 month later. High tidal amplitudes produce
strong water currents that facilitate larval export to coastal waters,
where the larvae can avoid fluctuating salinities and high predation
pressure typical for estuaries (Anger et al. 1994; Morgan & Christy
1995; Morgan 1996; Diele & Simith 2006; Christy 2007, 2011).
This probably increases larval survival and is likely to be the ulti-
mate cause for synchronous larval release and the timing of all
other preceding reproductive processes, including andada.

The proximate causes of the synchrony of andada with STIC are
less clear, and three hypotheses can be raised. First, synchronization
may begin during oogenesis. This was proposed for females of East
African intertidal crabs by Skov et al. (2005). As in these species
‘larval release is the culmination of a process that takes 4e6weeks to
complete (it comprises ovary maturation and embryonic incuba-
tion)’ (Skov et al. 2005, page 1169), the authors concluded that
a physiological change in the lunar association was initiated at least
1 month before the phase shift in the STIC. In U. cordatus, however,
this endogenously controlled physiological change would need to
occur at a much earlier time, as females with gonads in maturation
can be found as early as 7e5 months before the onset of andada
(Mota-Alves 1975; Vale 2003). An alternative hypothesis is that
synchronization of andada with STIC begins with the endogenous
control of the timing of mating, followed by the females’ control of
ovulation, fertilization and incubation, providing the fine-tuning for
achieving larval release at highest tidal amplitudes. As formulated in
a recent review article on the timing of hatching and release of larvae
by brachyuran crabs: ‘Adults control the timing of the release of
larvae with respect to the biweekly and monthly cycles of tidal
amplitudes by controlling when they court and mate and females
control when development begins by controlling when they ovulate
and allow their eggs to be fertilized by sperm’ (Christy 2011, page 62).

Finally, it is also possible that synchrony of andada with STIC is
under exogenous control. In contrast to shorter-lived species with
faster development, such as those studied by Skov et al. (2005),
U. cordatus is long-lived and reaches maturity only when 3e4 years
old (Pinheiro et al. 2005; Diele & Koch 2010a, b). Consequently,
these crabs experience several complete STIC before they start to
perform andada, and its periodicity may thus be entrained by cues
associated with these cycles. This hypothesis, however, fails to
explainwhy in February 2008 U. cordatus performed andada only at
newmoon, despite equal tidal amplitude at full moon. We propose
that the crabs mated only at new moon because they were able to
anticipate the increase in tidal amplitude at new moon in the
following months (see arrow in Fig. 1a). By contrast, in February
2009 andada was performed at both full moon and new moon,

which may have been because the difference between tidal
amplitudes at new moon and full moon decreased in later months
(see arrow in Fig. 1a), complicating the detection of the best moon
phase for mating (and larval release). Such anticipatory responses
are more likely to be related to endogenous control and increase
the genetic fitness of organisms by programming the appropriate
time for reproductive events (DeCoursey 1983). Thus, the third
hypothesis regarding the proximate causes of the synchrony of
andada with STIC does seem to be less plausible.

Light:Dark Cycle and Tidal Cycle

The rhythms of routine and mate-searching behaviour of
U. cordatus in relation to light:dark and tidal cycles were fairly
distinct. Regarding the light:dark cycle, routine behaviour was
more intense during daytime, probably because these crabs locate
their food (mostly fallen leaves) visually (Nordhaus et al. 2009). By
contrast, mate-searching behaviour of U. cordatus occurs with high
intensity during both day and night, indicating that crabs can use
senses other than vision to find mates, at least during the dark new
moon nights. The occurrence of andada at night has not been
previously recorded. Regarding the tidal cycle, routine behaviour
occurred mainly at low tides, which may relate to avoidance of fish
predation (Giarrizzo & Saint-Paul 2008; Nordhaus et al. 2009) or to
the ease of detecting and collecting fallen leaves, the main food
source of this species. Mate searching, however, occurred along the
entire tidal cycle, including slack high tide. This suggests that the
benefit of continuing to walk and find a mate exceeds the cost of
increased risk of predation at night.

In addition to the separate effects of the light:dark and tidal
cycles, they also seem to act in combination, determining the days
and hours within the perigee-syzygy period when andada begins.
When the two cycles were coincident, high tide occurred at dawn
and dusk and andada started immediately afterwards during the
subsequent nocturnal ebb tide. This pattern was observed during
all andada events, suggesting that the coincidence of the two cycles
prompted mate-searching activities (see arrows and rectangles in
Figs 2 and 3). The ultimate cause is unclear. Possibly this first
andada peak after the superposition of the tidal and day:night
cycles relates to the timing of later larval release, which peaks at
night in U. cordatus (Diele 2000), probably in response to the lower
activity of visual predators (e.g. Morgan 1996). By contrast, preda-
tion avoidance of mating crabs during the night is unlikely, because
most of their natural predators are nocturnal.

Implications for Management and Outlook

The duration of individual andada events assessed for our
Northeast Brazilian study site matches well with the time span of
current bans for the capture of U. cordatus. Our results also showed
that andada occurs during the night as well as during high tide.
Hence, it is advisable to extend current daytime and ebb-phase
controls to these periods to prevent illegal capture of crabs.

The revealed link between the syzygy tide inequality cycle and
themass mate-searching activities suggests that andada days at our
study site, and possibly elsewhere in Brazil, are predictable in time.
We recommend using tide tables to focus local management efforts
at our study site on the moon phase with the highest amplitude,
instead of banning crab capture at both full and new moon as
a precautionary measure. The latter generates conflicts between
fishers and policymakers. To generalize our results from Northeast
Brazil and to establish bans on the national scale that accurately
match the crabs’ biology, we will test the andada-predictability
hypothesis in the years to come across the species’ full distribu-
tional range. Ucides cordatus is a good example of how the
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comprehension of the linkage between geophysical cycles and
rhythmic animal behaviour can help establish better policies for the
management of fisheries. Mating of other fisheries resources else-
where in the world may be equally driven by the syzygy tide
inequality cycle, and identifying this linkage may thus also improve
the management of these species.
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