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Tidal migration patterns of juvenile penaeid shrimps in a French
Guianese coastal mangrove
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In French Guyana, the dynamics of young prawn migrations from marine to estuarine waters remains equivocal, raising the
question of habitat utilization in the adjacent mangrove systems. The temporal distribution of juvenile penaeid species was thus
investigated in the main drainage channel of a Guianese coastal mangrove. A total of 2275 juvenile prawns belonging to five
species, including two penaeid species (Penaeus subtilis, Xiphopenaeus kroyeri) were collected by stake net on four occasions
during the wet season. Catches were dominated by large-sized, highly-valued P. subtilis and exclusively occurred (a) at the end
of flood tide and (b) at the beginning of ebb tide, when water velocity was maximum. Size structures were very similar between
flood- and ebb tides, suggesting that the same assemblages entered then withdrawed from the mangrove on a given tidal cycle.
Residence times of prawns in the mangrove were short (3-4 hours per tidal cycle), as juveniles gained access to the coastal mangrove only a few hours per day during high tide. These results will need further confirmation at larger (Guianese) scale, but provide evidence for original, tidal-dominated mangrove utilization patterns by juvenile prawns. Given the economic importance of
P. subtilis in French Guyana, there is an urgent need to assess the contribution of coastal mangrove habitats to sustaining near
shore fisheries.
Keywords : penaeid prawns, mangrove, tidal migrations, French Guyana.

Introduction
Mangroves are distributed throughout the world in
the equatorial and subtropical regions, where they often dominate in estuarine and coastal zones (Tomlinson 1986, Twilley et al. 1996). They are generally recognized as complex, productive ecosystems that support diverse ecological assemblages (Odum & Head
1975, Robertson & Duke 1987, Sasekumar et al. 1992,
Lee 1999) and provide a variety of goods and services
(Ewel et al. 1998). Many studies have demonstrated
their importance as shelter from predation, feeding or
nursery places for a variety of fish and invertebrate
species (e.g. Sasekumar et al. 1992, Primavera 1998,
Vance et al. 1990, 2002, Rönnback et al. 2002). In particular, juvenile shrimps (e.g. penaeid prawns) are
important components of the invertebrate fauna as
postlarvae usually move from marine to coastal or estuarine backwaters during their lifecycle (Garcia & Le
Reste 1981, Staples & Vance 1985). Yet, the question
of mangrove utilization by juvenile prawns still remains controversial due to the high diversity observed
among mangrove habitats (Chong et al. 1990, Hoss &
Thayer 1993). Extensive studies conducted in the estuaries of French Guyana by Vendeville & Lhomme
(1997) emphasized original trends: in opposition with

the classical view (young prawns usually settling in estuarine waters for months to grow out), juveniles
prawns exhibited highly-periodic, very short residence
time in estuaries under the influence of tidal cycles.
The consequences of similar temporal patterns remains equivocal for the adjacent mangrove systems,
raising the question of habitat utilization patterns.
The aim of this study was to investigate the migrations patterns of juvenile prawns in a Guianese coastal
mangrove, to answer the following questions: (1) What
are the temporal patterns of mangrove utilization by
penaeid shrimps ? and (2) What are the local environmental factors that influence shrimp migrations in and
out of the mangroves ?

Material and Methods
Study area
The study was performed in the estuary of Macouria
Creek, a short mangrove-lined river 30 km west of
Cayenne (French Guyana - Fig. 1). The area is located
in the wet tropics (average rainfall 2900 mm.year-1,
Betoulle et al. 2001). The climate is characterized by
the alternation of wet (December-July) and dry
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Fig. 1. Location of the sampling site in the drainage channel of the coastal mangrove, Macouria Creek, French Guyana. LIDAR imagery of the
studied zone, © V. Gond (ALTOA-CIRAD-IRD).

(August – November) seasons. In French Guyana,
mangroves form a quasi-continuous band along the
350 km shoreline (Travassos 1994). Ranging from a
few meters to more than 15 km width, they are under
the dependence of unstable coastline dynamics due to
very fast successions of erosion or colonization phases
related to the Amazon sediment dispersal system (Betoulle et al. 2001).
Only four mangrove species are found in Guianese
mangrove forests (Fabre et al. 1999). The study was
conducted in a sea edge pioneer mangrove dominated
by young (1-4 years old) Avicennia germinans (L.), located in front of extensive mud banks that are characteristics of the Guianese shoreline. The sampling site
was located in the main drainage channel of the man-

grove forest, a small (10 m-wide) creek, 400 m upstream from the mouth of Macouria Creek. This channel is completely drained of waters during low spring
tides, with a maximum tidal range of about two meters.
The substratum in both the channel and the adjacent
parts of the mangrove is fine mud.
Sampling procedures
Juvenile shrimps were collected using a 10 m x 2 m
rectangular, 5 mm mesh-sized stake net, tied across the
channel and fixed to the bottom of the sediment using
a lead line. As a major confounding factor in the study
of prawn distribution is the influence of tidal inundation (Meager et al. 2003), similar sampling periods were chosen on the basis of their tidal characteristics

Table 1. Sampling and environmental characteristics in the mangrove drainage channel, Macouria creek, French Guyana. H : number of hauls
per sampled date.
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(low/high tide levels, tidal range, Table 1). After preliminary tests, samples were taken during the wet period
when water levels were maximum and the study site
more easily accessible. Shrimps were collected on four
dates between May and June 2005, in general during a
half tidal cycle (flood or ebb tide) except on one occasion when sampling was possible during the whole tidal cycle (see Table 1). Every 30 minutes, the net was
raised and the juvenile shrimps were hand-collected.
Once all individuals were collected, the net was immediately lowered in the channel and the specimens were
preserved in 70 % ethanol. In the laboratory, all specimens were identified to species level and counted. Penaeid shrimps (Penaeus subtilis, Xiphopenaeus kroyeri) were measured for cephalothoracic length (LC hereafter) and grouped into size classes.
The following environmental parameters were measured to follow the intrusion of dense, marine waters :
temperature, salinity (recorded using WTW portable
meters) and current velocity (measured with a General
Oceanics mechanical flowmeter). After preliminary
tests, the probes and flowmeter were located 10 cm
above the bottom in the centre of the channel, just in
front of the net. Due to field conditions and technical
constraints, sampling frequencies differed over the study for the considered parameters (1-15 minutes intervals). Measurements began 15 minutes before the net
installation and ended 15 minutes after the last catch.
In order to obtain a representative view of the channel
functioning over a complete tidal cycle, water level
and velocity were continuously recorded over 24 h on
a single occasion using a digital SIGMA flowmeter
equipped with a submerged depth and velocity sensor.
Statistical analyses
Temporal variations in shrimp catches were investigated using non-parametric one-way analyses of variance (Kruskall-Wallis ANOVA, Zar 1984). Catch
rates (numbers of individuals collected.h-1) and measured individuals length were compared between the four
sampling dates for penaeid species (P. subtilis, X.
kroyeri). In the same way, intra-tidal variations in juvenile size were assessed for each sampling date using
Kruskall-Wallis ANOVA on LC data from samples
collected at 30 minutes intervals. Size-class distribution patterns were compared between flood and ebb
tides using the Kolmogorov-Smirnov test.

Results
Environmental parameters
The monitoring of environmental parameters in the
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drainage channel highlighted the influence of tidal
events. The range of salinity variation in the channel
during a tide was 20 to 26.9 ‰ (Table 1). This range
characterized changes from fresh- to brackish waters
during the tidal cycles, average salinity values shifting
from 0.7 to 24.0 ‰ about 2 hours before high tide,
highlighting the intrusion of marine waters in the channel during flood. Salinity then declined progressively
and returned to base levels about two hours after high
tide. Average water temperature in the channel ranged
from 26.8 to 31.7 °C ; tidal variation over the sampling
periods ranged from 2.2 to 4.4 °C (Table 1). A shift in

Fig. 2. Variations of water characteristics related to marine inflow in
the drainage channel, Macouria Creek, French Guyana (17/05/04).
HT = high tide.

temperature associated to the warm, marine waters entering the channel was generally observed during the
flood (Fig. 2) ; temperature declined thereafter during
the ebb tide.
For the hydrological parameters, a progressive increase of current speed and water levels was observed
during flood tide, i.e. waters entering the mangrove
system through the channel. The maximum current velocity was reached shortly after the salinity shift, before high tide. Inversion of flow occurred at high tide

Fig. 3. Tidal variations of hydrological parameters in the mangrove
drainage channel, Macouria Creek, French Guyana. Water level and
current velocity monitoring (2 minutes intervals) over a complete tidal cycle. (0 <−> high tide). For water velocities, positive values refer to flood tides, negative values to ebb tides.
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when water level was at a maximum, then the channel
drained off (Fig. 3). Dissimilarity was observed between flood and tide, the maximum current velocity always being observed during the draining event.
Species composition and abundance
About 2300 individuals from four main species were collected in the drainage channel over the sampling
dates: Penaeus subtilis Perez Farfante, 1967 (48.97 %
of total abundance), Xiphopenaeus kroyeri (Heller,
1862 - 37.05 %), Macrobrachium amazonicum (Heller,
1862 - 5.05 %) and Nematopalaemon schmitti (Holthuis, 1950 - 4.92 %). Macrobrachium carcinus (Linné, 1758) were also collected but were very rare (< 10
indiv.). Penaeid shrimp species (P. subtilis, X. kroyeri)
dominated numerically the catches (~ 86 % of total
abundance). The catch rate ranged from 0 to 932 individuals.h-1 and exhibited a strong intra-tidal variability,
Table 2. Variations of the penaeid prawns catches in the mangrove
drainage channel, Macouria creek, French Guyana. Catch rates
(ind.h-1), juvenile sizes (mm) ; mean + SD for the sampling dates.
Between-date Kruskall-Wallis ANOVAs (H coefficient and probability).

Fig. 4. Variations of prawn catches during the 4 sampling dates in
the drainage channel, Macouria Creek, French Guyana. Relative
abundance of individuals collected per date for (A) P. subtilis and
(B) cumulated other species for the 4 sampling dates. (0 <−> high tide). Arrows : salinity events (* marine shift, ** return to base levels).

Size composition
Few juveniles were caught that were smaller than
6 mm LC, regardless of the sampling date or species in
question. All the individuals collected were juveniles.
For penaeid species, LC ranged from 5.7 to 16.7 mm
and from 5.3 to 19.1 mm for P. subtilis and X. kroyeri,
respectively. Significant differences were observed
between the sampling dates for both species (P. subti-

as the catches were not equally distributed over the tidal cycles whatever the considered species. Betweendate variations were not significant (Kruskall-Wallis
ANOVA, cf Table 2) and were not related to environmental parameters.
The temporal distribution of catches over the tidal
cycles showed a marked, bimodal distribution. The
catch rates were maximum about 1 hour before and 23 hours after high tide for the considered sampling
dates, corresponding to discrete events observed in the
channel: a) juveniles suddenly entering the mangrove
with flood tide ; b) juveniles flowing out with the ebb
tide. The prawn peaks occurred when current velocities were maximum in the channel, around one hour after the main salinity variations: a) marine shift, b) return to base levels. This pattern was consistent between the sampling dates and was observed whatever
the species considered (Fig. 4).

Fig. 5. Length-frequency distribution of penaeid prawns in the drainage channel, Macouria creek, French Guyana. Relative abundances
for the 8 LC size-classes for (A) X. kroyeri and (B) P. subtilis between the sampling dates.
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lis / X. kroyeri : average LC from 9.0 to 10.2 / from 8.5
to 10.6, p < 0.0001, Kruskall-Wallis ANOVA, cf Table
2). Dominant size classes were 8-11 mm and 7-10 mm
for P. subtilis and X. kroyeri, respectively (64.8 % /
55.1 % of total catches - Fig. 5).
No significant intra-tidal variations were observed
for juveniles body lenghts: measured LC did not differ
during sampling whatever the considered periods
(Kruskall-Wallis ANOVA for the four sampling dates,
H from 2.3 to 7.3, p from 0.08 to 0.32, N.S.). In the same way, size-class distribution patterns did not exhibit
significant differences between flood and ebb tides for

Fig. 6. Size-class distribution patterns between flood and ebb tide in
the drainage channel, Macouria creek, French Guyana. Relative
abundances for the 8 LC size-classes between flood and ebb tides
for P. subtilis.

the considered dates (Kolmogorov-Smirnov test for
both P. subtilis and X. kroyeri, p>0.99, N.S.): populations entering the mangrove system had a remarkably
similar size structure compared to those flowing out
(Fig. 6).

Discussion
One of the reasons frequently used to support the
conservation and management of mangroves is their
ecological importance for fish and shrimp species
(Sheridan & Hays 2003). While quantitative relationships between mangroves extent and fisheries productivity are still controversial (Lee 2004), the extensive
use of mangrove as habitats for juvenile nekton is currently widely recognized, whatever the species or geographical zones considered (Rönnback et al. 2002).
Juvenile shrimps, in particular the commercial penaeid
species (e.g. the large-sized genera Penaeus), are thus
reported from a large variety of mangrove habitats including estuaries, creeks, inlets, intertidal forests, mud
and sand flats (De Freitas 1986, Chong et al. 1990, Primavera 1997, Rönnback et al. 1999, 2002, Meager et
al. 2003).
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Species catches
Five species of juvenile shrimps including two penaeid species were collected in the main drainage
channel of a sea-edge mangrove system. Among the
penaeid species, Penaeus subtilis is a large-sized, highly valued species which represents a major commercial
resource for French Guyana (average capture production ~ 4000 t.year -1, Vendeville pers. comm.). Despite
their potential abundance in commercial captures,
Xiphopenaeus kroyeri as well as Nematopalaemon
schmitti are not currently exploited, mainly due to low
commercial values. The two Macrobrachium species
are mainly freshwater shrimps, moving to estuaries
and brackish waters for spawning. All these species are
known from Guianese estuaries (Vendeville & Lhomme 1997) and were caught whatever the sampling
dates, except for X. kroyeri on a single occasion
(08/06/04) and the very rare M. carcinus, collected in
very low abundance (< 10 indiv.).
Juveniles flow patterns
While distribution data of juvenile prawns in mangrove systems are generally investigated on larger temporal scales (usually seasonal e.g. Robertson & Duke
1987, Mohan et el. 1995, Sasekumar et al. 1992, Meager et al. 2003, among others), in this study we focused
on short temporal, intra-tidal variations of penaeid
catches. The results emphasized the importance of tidal cycles in the prawn migrations: peaks of juveniles
were punctually observed in the channel, i.e. around
one hour before to two hours after high tide for the
considered hydroperiod. Except for these punctual
events, almost no juveniles were collected over the
whole tidal cycle. The same behaviour was observed
whatever the shrimp species considered, in particular
the dominant penaeid species Penaeus subtilis and
Xiphopenaeus kroyeri, and did not exhibit variations
between the sampling dates despite the high variability
in juveniles abundances (total catches per date from
225 to 1019 individuals). This pattern could be clearly
related to the hydrological changes occurring during
the tidal cycle. Catches occurred when water velocity
reached its maximum in the channel (a) at the end of
flood tide with the sudden inflow from marine waters
and (b) at the beginning of ebb tide with the rapid draining of the mangrove system through the channel.
We are aware that these results should be carefully
considered, in the context of the restricted study period
(four dates during the wet season). Prawn dynamics
may in particular vary during the year between hydrological (wet/dry) periods or tidal phases, in response to
environmental factors. Low-water level periods (e.g.
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during neap tides) in particular did not allow channel
immersion, as observed during the preliminary tests.
Yet, similar trends were observed in non-mangrove,
Guianese coastal habitats by Vendeville (1993, 1994)
and Vendeville & Lhomme (1997: periodic, tidal-dominated movements of P. subtilis postlarvae were thus
reported between estuarine and near shore marine waters in 13 estuaries over a five-years study period. This
phenomenon was described as « shrimp postlarvae
intrusion into estuaries ».
We also observed very similar size patterns for the
prawn catches between flood and ebb tides, as reported
by these authors. Although inferring population dynamics from this limited data set may be hazardous, they
suggest that the same prawn assemblages may enter
then withdraw from the mangroves on a given tidal
cycle. This proposition will still require further sampling effort to be tested : in this first study, technical
constraints (in particular harsh environmental conditions and difficult access to the drainage channel) did
not allow continuous sampling of the juveniles over a
complete tidal cycle, except on a single occasion. Yet,
in this latter case the total catches between ebb and
flood were of the same order of magnitude (450 / 569
individuals) and exhibited similar size structure, at
least for the most abundant P. subtilis.
Mangrove utilization by juvenile prawns
Fish and prawns generally occur in greater abundance in mangroves than in adjacent near shore habitats
(Sasekumar et al. 1992), but variations in the patterns
of mangrove utilization have often been reported by
authors. In Malaysia, Chong et al. (1990) reported evidence for tidal migrations of juvenile fishes and
prawns, moving into estuaries to feeding grounds from
adjacent mud flats/mangrove swamps. In the Philippines, Primavera (1998) suggested a strong, yearround nursery role for a riverine mangrove, while adjacent island mangroves exhibited a limited nursery use.
More recently, Rönnback et al. (2002) demonstrated
the extensive use of contrasted mangrove microhabitats in a Mozambique island.
In French Guyana, Vendeville & Lhomme (1997)
challenged the paradigm of inshore waters as critical
nursery sites where young penaeid prawns settle for
months, providing evidence for a very discontinuous
utilization of estuarine habitats. Our results support
this proposition. In the coastal mangrove system studied, the mangrove forest and associated waterways
are entirely drained of waters during the majority of
the tidal cycle. Juveniles thus gained access to the
coastal mangrove only a few hours per day during high
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tide, when large sections of the mangrove system become available, including smaller channel network and
mangrove forest. The maximum residence time of
prawns in the mangrove system could thus be evaluated to three to four hours per tidal cycle, as sampling
conditions were chosen so as to provide patterns representative of optimal conditions (high tide levels close
to the upper local values, allowing maximum tidal inundation). Preliminary tests in the adjacent mangrove
forest confirmed the presence of juvenile shrimps during high tides, but with low densities (Dumas, unpubl.
dat.). These observations appear consistent with recent
studies on the spatial distribution of juvenile penaeids
that reported decreasing catches with increasing distance from the channel edge into the mangrove (Vance
et al. 2002, Meager et al. 2003).
In the context of this preliminary study, assessing
the importance of the Guianese mangroves for the penaeid species would be premature due to the limited
spatio-temporal coverage of the data. Moreover, the
pervasive concept of “nursery” has been rarely stated
clearly and remains equivocal (Sheridan & Hays
2003). Whether the definition may rest upon structural
(e.g. juvenile densities, sizes, residence times) or functional criteria (e.g. growth, survival, shelter effects),
the nursery status of the mangrove may differ. Yet, for
the considered Guianese mangrove, the trends observed towards periodic, highly-discontinuous habitat utilization may not argue in favour of an “exclusive nursery” status.

Conclusion
With the world-wide decline of mangrove forests due
to human activities, the question of mangrove utilization
is of particular importance from a conservation perspective, as the economic significance of the coastal mangroves may dramatically differ whether they are considered as nurseries for commercially important species or
not. In the framework of the “shrimps postlarvae intrusion into estuaries” concept they developed in the early
90’, Vendeville & Lhomme (1997) thus hypothesized the
existence of a unique, continuous near shore nursery
along the Guianese shoreline. While this hypothesis still
has to be formally tested and bearing in mind their scale
restrictions, our results provided original evidence for
cyclic, tidal-dominated utilization of the Guianese coastal mangrove by juvenile prawns, in particular commercial penaeid species, that may use mangrove at least as
feeding grounds. At this point, there is an obvious need
for complementary data on juvenile prawn distribution
in the adjacent habitats, as well as large-scale spatio-
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temporal testing of these results in different Guianese
coastal systems. Further studies should in particular encompass hydrodynamical modelling of coastal mangroves, as diffuse juveniles flows also occur through
small channel networks or with marine waters overflow.
The high values of current speed monitored also raised
the question of active vs. passive habitat selection by the
juvenile prawns, with spatio-temporal distributions that
may be the result of passive transports by tidal currents
and/or active habitat choice at high tide.
Once they emigrate from coastal habitats (whatever
they are), P. subtilis prawns integrate adult, offshore
stocks targeted by commercial fisheries. Given the direct economic importance of P. subtilis in French
Guyana, there is an urgent need in assessing the contribution of coastal mangrove habitats to sustaining near
shore fisheries.
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