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Abstract: The growth, mortality and migration pattern of the population of Litopenaeus vannamei Boone 
1931 in the Carretas-Pereyra coastal lagoon system, Mexico, were studied. The shrimp spatial distribution and 
abundance were analyzed in relation to salinity, water temperature, and substrate. A total of 2 669 shrimps was 
collected at 22 sites sampled monthly from March 2004 to August 2005. Juvenile shrimps of L. vannamei were 
present in the coastal lagoon system throughout the year, reaching densities from 0.001 to 0.302 ind/m2. The 
estimated daily growth rate was 0.06 to 0.27 mm carapace length (CL). No significant seasonal differences were 
appreciated. Weekly total mortality (Z) was between 0.04 and 0.34. Recruits, juveniles and sub-adults displayed 
a bimodal distributional pattern regulated by the prevailing conditions during the dry season. The peak abun-
dance of juvenile stages occurred in December-January and March-May. The abundance presented an inverse 
correlation with salinity (r=-0.42; p<0.05) and a positive correlation (r=0.44; p<0.05) with silt content. No clear 
correlation was distinguished for emigration size with season of the year or water temperature. Rev. Biol. Trop. 
56 (2): 523-533. Epub 2008 June 30.

Key words: Litopenaeus vannamei, population dynamics, coastal lagoons, Mexico.

Coastal lagoons and estuaries serve as 
nursery habitats to an assorted number of 
marine species, including fish and inverte-
brates that are commercially exploited. These 
important habitats provide food and protec-
tion to estuarine-dependent species regulating 
their growth and survival (Pérez-Castañeda 
and Defeo 2001) and contributing to sustain 
the production of artisanal fisheries usually 
developed in these habitats (García and Le 
Reste 1987). In tropical and subtropical coastal 
habitats the penaeid shrimp exploitation plays 
a major role in the local community economy, 

due to important revenues that its commercial-
ization generates. 

In Mexico penaeid shrimp production 
occupies the first place among the fishing 
resources with high economic value, and the 
national shrimp fleet generates more than 60 
000 direct employments (Sierra et al. 2001, 
García-Borbón et al. 2004). From the total of 
shrimp landings in Mexico during 2001 (c.a. 95 
000 tons) the Pacific coast contributed 75 000 
tons or 79% of the national production (Sierra 
et al. 2001). In contrast, estuarine shrimp con-
tributed only 6% to that production. In the Gulf 



524 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (2): 523-533, June 2008

of Tehuantepec, where the Carretas-Pereyra 
coastal system is located, the offshore shrimp 
yield represents 8.5% of the Mexican Pacific 
shrimp production. Along the Pacific coast of 
Mexico eight species of penaeids are exploited, 
though four of them (Farfantepenaeus californ-
iensis Holmes 1990, F. brevirostris Kingsley 
1878, Litopenaeus stylirostris Stimpson 1871 
and L. vannamei Boone 1931) constitute more 
than 90% of the total capture (Sierra et al. 2001). 
In the industrial shrimp fishery of the Gulf of 
Tehuantepec, L. vannamei represents 40% and 
it is also the most abundant species in the estu-
ary systems (Medina-Reyna 2001), where it 
represents 97% of the shrimp production. 

Fishing coastal communities in the Gulf of 
Tehuantepec base almost entirely their opera-
tion (95% according to Ramos-Cruz 2000) 
on the exploitation of juvenile shrimp. This 
activity has taken place for several decades 
since 1920 (Anonymous 1998), and in spite of 
its socioeconomic implications for the region, 
the coastal systems have remained practically 
unexplored. The need to increase our knowl-
edge on this region of Mexico becomes highly 
relevant, in light of the significant decline in 
estuarine shrimp production recorded in the 
past decade (Anonymous 2000).

Our current knowledge on the estuarine 
shrimp population of L. vannamei is restricted 
to the studies conducted by Ramos Cruz (2000) 
and Medina-Reyna (2001). These authors doc-
umented the spatial-seasonal distributional pat-
terns, the abundance and growth rate and age 
structure of the white shrimp in the Mar Muerto 
lagoon, Oaxaca-Chiapas.

The estimation of growth, mortality and 
migratory patterns are essential parameters in 
any population dynamics study (Guerra and 
Sánchez 1998). Their determination is essential 
for designing a fishing management strategy 
that insures a sustainable fishing exploitation 
in the area of study. The present study aims to 
that objective by assessing the environmental 
influence upon the estuarine population of 
L. vannamei inhabiting the Carretas-Pereyra 
coastal system, Chiapas. An attempt is made 
to determine its annual distribution, abundance 

patterns, its growth and mortality rates as well 
as the migratory behavior of the juvenile stages 
within this complex coastal system. 

Study area: Coastal lagoons are shallow 
aquatic habitats extended behind coastal bars of 
marine origin, while an estuary is semi-closed 
coastal body of water with one or more rivers or 
streams flowing into it, and with a free connection 
to the open sea (Shepard 1973). Based on these 
definitions, one can recognize the existence of 
both physiographic features in the study area. The 
Carretas-Pereyra system is located on the coast 
of the Gulf of Tehuantepec between 15°24’45” 
and 15°32’24” N and 93°04’44” and 93°06’10” 
W (Anonymous 1999). The system encompasses 
three shallow coastal lagoons interconnected by 
two meandering channels which open into the 
Pijijiapan Inlet, that maintains permanent com-
munication with the open sea. Carretas Lagoon, 
located to the north has the largest surface area 
(5.6 km2), followed by Pereyra (3.3 km2) located 
to the west, and Buena Vista (0.8 km2) located 
to the southeast (De La Lanza 1992, Contreras 
1993, Anonymous 1999). 

The annual average temperature for the 
region is 28 °C with monthly oscillation of 
less than 5 °C. The dry and rainy seasons are 
well defined throughout the year: November-
April and May-October correspond to dry and 
rainy periods, respectively. Maximum precipi-
tation (540.8 mm) occurs in September and a 
minimum is recorded in January (4.0 mm, 
Anonymous 1999). The salinity regime in the 
lagoons is influenced by tidal flow (100 to 160 
cm amplitude), evaporation rate, and local river 
runoff (De La Lanza 1992). The area is fringed 
by a rich mangrove forest (Rhizophora mangle; 
Laguncularia racemosa; Avicenia germinans), 
and submerged vegetation basically composed 
of Typha dominguensis. Sediments are muddy-
peat and mud-sandy rich in organic matter. 

MATERIALS AND METHODS

Twenty-two sampling sites were select-
ed based on environmental differences (four 
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hydrological zones were recognized: central 
and marginal areas of lagoons, interconnect-
ing channels and estuaries); the position of 
each site was recorded in a portable GPS. 
Monthly observations were conducted from 
March 2004 to August 2005, mostly in day 
light conditions. Shrimp were captured with 
the aid of a 4 m diameter cast net of 10 mm 
mesh- size. Ten random casts were made 
at each site. Temperature and salinity were 
recorded at each site. Substrate type was char-
acterized in February of 2005. Captured shrimp 
were counted, sexed, weighed, and measured 
(carapace length, CL) and later preserved in 
70% ethanol. In the length frequency analysis 
the following size categories were applied 
according to Pérez-Farfante (1970 a, b), and 
Pérez-Castañeda and Defeo (2001): recruits as 
epibenthic postlarvae (<8 mm CL); juvenile 
(8-15 mm CL) and sub-adults (>15 mm CL). 
The size distribution for each sample was ana-
lyzed using Kernel Density Estimators (KDE), 
a statistical method proposed by Rosenblatt 
(1956) and defined as:
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Kernel Gaussian function was used:
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Optimal bandwidth h was chosen based on 
Silverman’s rule (1986):
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The density distribution values were orga-
nized by a frequency scale and decomposed 
in their Gaussian component with a comput-
erized version of the method proposed by 
Bhattacharya (1967), included in the statistical 
package Stata software 8.0 (Salgado-Ugarte 
et al. 1997, Stata Corporation 2003). The 
shrimp’s average growth was estimated by 
modal progression analysis.

With the estimation of shrimp numbers by 
cohort (CPUE) in two successive moments t1 
and t2, using Baranov’s (1918) equation
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the total mortality (Z) coefficients were esti-
mated. To estimate Z in this equation, it was not 
necessary to know the absolute values for N (t1) 
y N (t2), only their proportion. Catch per unit of 
effort (CPUE), amount of shrimps captured per 
cast, is the assumed quantity proportional to the 
shrimp abundance in the system, N (Sparre and 
Venema 1997).

For comparative purposes with other stud-
ies in which total length (TL) is employed, 
the CL average length for white shrimp was 
transformed into TL applying the following 
equation:

	
y=4.967265x+(-2.941976)    r2=0.9587

Catalogue number of voucher specimens 
(lot) is LHUNICACH-C-280-06.
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RESULTS

Environmental factors: the water tem-
perature in the studied coastal system shows 
a reduced range (26.87 °C to 33.34 °C). The 
difference between the average of the coldest 
and warmest months was of 6.5 °C (Fig. 1). 
However, differences among the monthly aver-
ages were significant (ANOVA; p<0.0001). 
The minimum temperature was recorded in 
February 2005 (22.9 °C) and the lowest aver-
age belonged to January (26.87 °C). The warm-
est temperature was recorded in August 2004 
(36.8 °C) as well as the highest monthly aver-
age (33.34 °C). Temperature between sites did 

not show significant differences (ANOVA; 
p<0.72). Water salinity had an ample fluctuation 
range from 0 ‰ in October to 32.8 ‰ in April; 
the lowest average was registered in October 
(0.39 ‰) and the highest in April (29.27 
‰). Salinity differences were significant on a 
monthly basis (H=202.15; p<0.0001) but these 
were not significant among sites (H=31.23; 
p=0.0696). Seasonal salinity averages also 
presents significant differences (H=57.84; 
p<0.0001), being higher during the dry season 
(15.74 ‰; std 10.1) than during the rainy sea-
son (6.35 ‰; std 9.3). Considering the salinity 
monthly average by season, the system can be 
divided into four categories following “Venice 
System” classification (Reid and Wood 1961): 
I limnetic (<0.5 ‰) October 2004; II oligoha-
line (0.5-<5.0 ‰) July, August, September and 
November 2004; III mesohaline (5.0-<18.0 
‰) June and December 2004, January and 
February 2005; IV polyhaline (18.0-<30.0 ‰) 
May 2004 and March to April 2005. The salin-
ity averages in most of the sampling sites fall 
within the mesohaline category, except for site 
15 (Boca Pijijiapan). The percentage of organic 
matter (OM) contained in the sediments of the 
lagoons varied from 0.26% to 28.52%; most of 
the sites had high OM contents (3.9 to 28.2%). 
Improvised sites in OM were located near 
meandering channels, at the Pijijiapan Inlet 
and Pereyra Lagoon (sites 8, 12, 15 and 21), 
whereas the enriched sites corresponded to 
sites near the Carretas Lagoon (sites 4 and 7). 
Sandy bottoms were predominant at the above 
inlet and the connecting channels. The silt-clay 
fraction varied from 4.79% to 58.60%; highest 
contents of silt-clay occurred at Carretas and 
Buena Vista Lagoons.

Distribution and abundance: a total of 
2 669 shrimp specimens were collected from 
the 22 sampling sites. The density fluctuated 
between 0.001 and 0.302 ind/m2. The highest 
abundance of shrimp (82%) was registered 
in January 2005; other significant percent-
ages (59%) were registered in June 2004 and 
February 2005. The maximum density values 
were registered in May 2004 and January and 

Fig. 1. Variation recorded for shrimp abundance in relation 
to the season and spatial distribution of temperature and 
salinity in the Carretas-Pereyra coastal lagoon system.
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April 2005 (Fig. 1). The density showed sig-
nificant differences among months (H=29.6; 
p<0.0002), particularly in January. There is 
significant difference between the seasons 
(H=5.57; p<0.009) being the density higher in 
the rainy season.

The spatial distribution of density was 
concentrated in Buena Vista Lagoon (sites 10, 
11), in one of the interconnecting channels (La 
Paluda, site 9), in the estuarine channel (sites 
12 and 13), and in Carretas Lagoon (sites 1, 2, 
3 and 4) (Fig. 1). However, only sites 9, 10, 11 
and 12 showed significant density differences 
(H=66.48; p<0. 0001) with respect to the oth-
ers sites.

The localities corresponding to the south-
east sector of the system (sites 9, 10 and 11) 
had the highest shrimp density values from 
May to August and April (Fig. 1). In contrast, 
in the northern sector (sites 1, 2, 3 and 4) the 
highest density was recorded in May-June and 
January; while in the estuarine channel at the 
central part of the system (sites 12 and 13), 
a major density was registered in January. In 
the northwestern sector (sites 17, 18, 19 and 
20) maximum shrimp densities were recorded 
between November and January. The shrimp 
density estimated in the sectors La Paluda-
Buena Vista and Carretas had significant dif-
ferences (H=39.55; p<0.0001) with respect the 
other localities in the coastal system.

In Carretas (sites 1, 4) and Buena Vista 
(site 10) Lagoons the highest capture frequen-
cies were obtained (10 out of 12 samplings); 
other places with major capture frequencies 
corresponded to the north part of Buena Vista 
(site 11) with nine samplings, the Carretas 
Lagoon central area (site 2), the interconnect-
ing channels La Paluda (site 9) and the East 
side of Pereyra Lagoon (site 18) with eight 
samplings. On the other hand, the localities 
with lowest index of frequency of occurrence 
were the sites 14, 15 and 16 (La Boquita, 
Boca Pijijiapan and Pereyra Coyoleño). The 
sites with the highest values of abundance 
and frequency, in descending order were 11, 
9, 10, 1, 12 and 4. Shrimp abundance showed 
significant inverse correlation with salinity in 

the system (r=-0.42; p<0.05). No correlation 
was appreciated with organic matter content 
(r=-0.03; p>0.05) but was significant with the 
silt content (r=0.44; p<0.05).

Size composition and migration age: the 
main recruitment of shrimp epibenthic postlar-
vae into the coastal lagoon system occurs in 
January and May but they were not detected 
in August during two consecutive years. In 
general, epibenthic shrimp were more abundant 
from November to May and their presence 
declines from June to October. Both juvenile 
and sub-adults were captured during the entire 
period of sampling reaching peak abundance 
in January. Their abundance diminished from 
February to March followed by another peak 
abundance from April to June, declining again 
towards the period from July to December (Fig. 
2). Even though, penaeid shrimp are always 
present in the system, the abundance pattern of 
the three development stages (recruit, juvenile 
and sub-adults) is essentially bimodal. The 
number of modes detected by monthly sam-
pling varied between two and three and there 
were 18 generations identified during the 18 
months of sampling (Table 1). The minimum 
modal size for these groups was 2.84 mm and 
the maximum was 26.86 mm of CL that cor-
responds to 122.56 mm of TL. However, it was 
observed that L. vannamei can reach sizes up 
to 27.7 mm CL (134.65 mm TL), in nearly five 
months; at this age, L. vannamei emigrates to 
the adjacent offshore waters (Fig. 3).

Growth and Mortality: the growth rates 
were estimated within the size interval of 
2.84 to 26.86 mm CL (Table 1). The cohorts 
were progressively identified in each month of 
sampling. The estimated growth rate fluctuated 
from 0.06 to 0.27 mm/day CL (0.29 to 1.34 
mm/day TL), with an average of 0.16 mm/day 
CL. The average growth rate in CL was similar 
during the dry and rainy seasons, 0.158 and 
0.160 mm/day, respectively.

Nine individual estimations of total mor-
tality (Z) were obtained in an interval between 
0.04 and 0.34 per week. The total mortality (Z) 
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was 0.25. These values of mortality included 
shrimp in sizes from epibenthic postlarvae 
(recruits to the system) to sub-adults with sizes 
below the first capture size for commercial 
fishing. Therefore, in this case, Z is equal to M. 
When the Z value is transformed to percentage 
it was obtained a weekly mortality rate from 
8.0 to 58.7% with a general rate of 29.87%.

DISCUSSION

Distribution and abundance: the shrimp 
spatial heterogeneity both in distribution and 
abundance can be attributed to different factors. 
On one hand, L. vannamei shows an amphibi-
otic life cycle. The adult stock reproduces 

in the sea and the postlarvae and sub-adult 
use lagoons and estuary systems as nursery 
grounds. Its physiology is modified throughout 
this process, evolving particularly its osmo-

Fig. 2. Abundance pattern for Litopenaeus vannamei in the Carretas-Pereyra 
coastal lagoon system recorded from March 2004 to August 2005. The abundance 
of juvenile in April and May 2004 was 3.8 and 4.9 shrimp/m2 respectively.
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regulation capacity, reason why during its 
growth they present differences in the estuary 
environment. In this study, salinity presented 
a significant inverse correlation versus abun-
dance (r=-0.42; p<0.05). This agrees with 
the information indicated by García and Le 
Reste (1987) for another Peneidae species and 
with the observations made by Medina-Reyna 
(2001) for L. vannamei in the Mar Muerto 
Lagoon, near to the studied area. The system 
presents extreme variations in salinity (0.0-31.0 
‰) in its different sectors, the normal river 
discharge helps to maintain mesohaline water 
conditions. However, seasonal precipitation 
exerts a direct influence upon the salinity 

regime, creating at least four haline categories 
from which, the mesohaline and polyhaline 
coincide with the months (January and April) 
in which the highest juvenile production was 
recorded. The rainy season presented higher 
shrimp average abundance but the highest 
frequencies and occurrences were registered 
during the dry season. Similarly, the significant 
shrimp abundance obtained in May -first month 
of the rainy season- corresponded to the major 
capture average for this season.

On the other hand, shrimp migration is 
not only promoted by salinity fluctuations. The 
selection of an adequate substrate for postlar-
vae settling, the environment trophic richness 
and the hydrology are additional factors that 
account for penaeid shrimp migratory patterns 
(García and Le Reste 1987). In the Huizache-
Caimanero system, during the growth stage, 
Edwards (1977) observed higher concentration 
of epibenthic postlarvae in channels and man-
grove areas, probably in response to low day-
light intensity. This author also registered high 
concentrations of juvenile along the lagoons’ 
periphery apparently associated to the emigra-
tion period.

The river discharge into a coastal lagoon 
system such as Carretas-Pereyra, not only con-
tributes to originate a salinity gradient but also 
constitutes an important source of nutrients; both 
conditions promote the settlement and growth of 
penaeid shrimp (Yáñez-Arancibia 1986, Ramos-
Cruz 2000, Medina-Reyna 2001). Sediments 
of silty and muddy type, rich in organic mat-
ter (3.9-28.5%), seem also to enhance juvenile 
concentrations in the area of study. The western 
sectors of Carretas and Buena Vista Lagoons 
included the most productive sites in which 
shrimp attain high densities since they represent 
emigration routes, near the narrow channels 
that open into the main inlet (Pijijiapan Inlet). 
A similar pattern of abundance and distribution 
was described by Medina-Reyna (2001) in the 
Mar Muerto Lagoon.

Size composition and migration age: 
the analysis of the size distribution revealed 
that the pattern of postlarvae immigration is 

TABLE 1
Growth rate per cohort of Litopenaeus vannamei 

estimated in the Carretas-Pereyra coastal lagoon system

Cohorts
Range

CL (mm)
K

(mm/d)
Season

1 7.17-13.84 0.16 Dry

2 18.95-26.86 0.12 Dry

3 10.95-18.50 0.25 Rainy

4 6.88-13.46 0.24 Rainy

5 13.46-21.74 0.14 Rainy

6 13.62- 19.28 0.20 Rainy

7 19.28-21.85 0.08 Rainy

8 15.10-22.25 0.13
Season change

Rainy-Dry

9 22.25-26.00 0.06 Dry

10 8.65-18.07 0.27 Dry

11 18.07-24.75 0.12 Dry

12 2.84-8.80 0.21 Dry

13 8.80-15.35 0.24 Dry

14 9.64-16.54 0.20 Dry

15 8.27-11.86 0.12 Dry

16 11.86-17.82 0.11
Season change

Dry-Rainy

17 3.54-13.99 0.12
Season change

Dry-Rainy

18 11.05-13.69 0.09 Rainy
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consistent for the two successive years studied. 
Thus for instance, strong immigration pulses of 
postlarvae occur during the dry season, when 
the prevailing conditions of reduced precipita-
tion and weak river discharge into the coastal 
lagoon system, apparently facilitate such a 
process. It is known that temperature varia-
tion may trigger shrimp spawning in offshore 
waters (Lindner and Cook 1970). In the studied 
area, significant temperature oscillations were 
recorded from December to February, a period 
that marks the onset of the dry season (Fig. 2). 
The described immigration pattern is congru-
ent with similar studies conducted in the Gulf 
of Tehuantepec by Medina-Reyna et al. (1998) 
and Medina-Reyna (2001), and D’ Croz et al. 
(1979) in the Pacific coast of Panama. Edwards 
(1977), in the northwestern coastal lagoons of 
Mexico, established a correlation between the 
immigration of shrimp postlarvae and the first 
months of the rainy period extended from June 
to July.

The annual bimodal abundance pattern 
of juvenile shrimp appears in synchrony with 
the dry season. Significant peak values were 
detected in January and July, though a third 
reduced mode was noted between February 
and March. Empirical knowledge on the part 
of local fishermen about the timing of shrimp 
postlarvae arrival and juvenile aggregation in 
the area of study, has historically established 
the months of maximum fishing effort in 
February-April and July-August, just prior to 
the onset of the above two processes. In the 
offshore waters of the Carretas-Pereyra system, 
shrimp spawning and planktonic immigration 
are processes intimately connected and pre-
sumably, they also exhibit an annual bimodal 
pattern similar to that described for juvenile 
stages. The range size and age of emigrating 
juvenile shrimp (145 mm TL; 4.5 months) are 
comparable to those reported by Ramos-Cruz 
(2000) the Mar Muerto Lagoon, Oaxaca.

The shrimp emigration process in the 
coastal lagoon system of Carretas-Pereyra 
seems continue throughout the year, hence the 
lack of positive correlation between the emigra-
tion size and season of the year. Shrimp fishing 

effort in the lagoon complex intensifies when 
salinity changes occur and this coincides with 
certain lunar phases: full moon and new moon. 
Presumably, shrimp emigration from nursery 
grounds is promoted by several factors whose 
interaction is different in tropical environments 
(Garcia and Le Reste 1987). Nonetheless, the 
new moon and the moon’s light intensity have 
frequently been invoked to explain shrimp emi-
gration (Beardsley 1970, García and Le Reste 
1987, Edwards 1977).

Growth: rather than relying on the tradi-
tional length frequency distribution analysis to 
determine shrimp’s growth, the Kernel Density 
Estimator (KDE) was employed to avoid the 
dependence on the origin, interval width, dis-
continuity and the use of fixed width intervals 
(Salgado-Ugarte et al. 1997).

The Kernel Density Estimator (KDE) solves 
these inconveniences and the estimators can be 
implemented with a wide interval adjustable to 
the number of data; additionally, the analysis 
avoids subjectivity since it provides guidelines 
to select less arbitrarily the histogram or fre-
quency polygon to be used (Sanvicente-Añorve 
et al. 2003). A KDE’s inconvenience is the 
great number of calculations that it requires. 
Scott (1985) suggested a form to overcome this 
problem: the procedure called “Average Shifted 
Histogram” (ASH). Later, Härdle and Scott 
(1988) developed the most general structure 
denominated “Weighed Average of Rounded 
Points” (WARP). This approach was used in this 
study to calculate the KDEs using the programs 
published by Salgado-Ugarte et al. (1997). 
The Silverman amplitude optimal bandwidth 
is designed for data with Gaussian distribution 
(Silverman 1986). This value is large when it 
is applied to biased or multimodal distributions. 
However, in these cases the optimal bandwidth 
can serve as a reference that allows recovering 
the dominant mode.

The growth rates varied widely; several 
authors recognize that this variation is influ-
enced by the residence time of shrimp in the 
lagoon systems, the salinity, the temperature 
and the food availability (Edwards 1977, García 
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and Le Reste 1987, Ramos-Cruz 2000, Medina-
Reyna 2001). However, the values estimated in 
this study are somewhat similar to the reported 
average values calculated in previous studies 
for coastal lagoons in the Mexican Pacific. Our 
estimations are close to the growth data report-
ed by Ramos-Cruz (2000) and Medina-Reyna 
(2001) for L. vannamei in the Mar Muerto 
system from the Gulf of Tehuantepec (Table 
2). It is important to emphasize that cohorts did 
not exhibit seasonal significant differences in 
their growth.

Mortality: the calculated mortality val-
ues for L. vannamei in the coastal lagoon 
system of Carretas-Pereyra may seem high (Z 
total=25% per week). Yet, the mortality rate 
in the system is slightly lower to the indicated 
by Edwards (1977) for juveniles L. vannamei 
in the Huizache-Caimanero lagoons system 
(Z=44% and M=41% weekly). This author 
partially attributes such high estimated rate to 
the shrimps lost from experimental enclosures. 
In the assessment made by Chávez (1979) 
of the offshore shrimp stock in the Gulf of 
Tehuantepec, a weekly Z between 0.05 and 
0.22 was recorded, which approaches the Z 
values obtained for juvenile shrimp. In other 
studies, it has been calculated that total juvenile 
shrimp mortality can reach up to 90% (Edwards 
1977), considering the difference between the 
postlarvae that arrive into the lagoon and the 
total fishing mortality. We assumed that mor-
tality can vary in different parts of the lagoon 
system, and perhaps it is significant within 
the lagoons and channels where also different 
shrimp stages congregate. The total mortal-
ity herein reported may seem underestimated 
due to the absence in our analysis of data on 
postlarvae immigration and fishing mortality 
(F). Future research efforts ought to determine 
these parameters to validate our preliminary 
mortality estimates. The values of mortality 
that we considered belong to cohorts in differ-
ent degrees of development.

In conclusion, this study confirms that the 
recruitment of shrimp postlarvae is continuous 
in the southeastern coast of the Mexican 

Pacific. However, although small individuals 
were observed the whole year, the length fre-
quency analysis applied in two fishing seasons 
allowed the recognition of two main cohorts: 
one of them appearing before the fishing sea-
son in January, and the other at the end of the 
season in May. Therefore, a bimodal shrimp 
recruitment associated to the conditions pre-
vailing during the dry season is recognized. 
Such pattern of recruitment, obtained through 
the modal progressions analysis occurs from 
December to January and from March to May. 
The annual reproduction variation is similar to 
the recruitment pattern described for juvenile 
shrimp. No clear correlation was distinguished 
between emigration size and season of the year 
or water temperature. Similarly, the juvenile 
shrimp growth rate seems independent of sea-
sonal changes.
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TABLE 2
Comparison of average growth rates (mm/day) for 

Litopenaeus vannamei between the Carretas-Pereyra 
coastal lagoon system and other lagoons in the Pacific 

coast of Mexico

Lagoon Highest Lowest

Huizache-Caimanero (1969)1 2.85 0.88

Huizache-Caimanero (1973)1 1.96 0.88

Huizache-Caimanero (1973-74)1 1.64 0.51

Huizache-Caimanero (1974)1 1.54 0.53

Huizache-Caimanero (1977)2 2.00 0.01

Mar Muerto (2000)3 1.27 0.13

Mar Muerto (2001)4 1.21 0.20

Carretas-Pereyra (thi study) 1.34 0.29

1 	 Cited in Medina-Reyna (2001);
2 	 Edwards (1977);
3 	 Ramos-Cruz (2000);
4 	 Medina-Reyna (2001).
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RESUMEN

Se estudió el crecimiento, la mortalidad y el patrón de 
migración del camarón Litopenaeus vannamei Boone 1931 
en el sistema lagunar costero Carretas Pereyra, México. 
La distribución espacial y la abundancia fueron analizadas 
con relación a la salinidad, temperatura y substrato. De 
marzo de 2004 a agosto de 2005 se recolectó un total de 
2669 camarones con un muestreo mensual en 22 sitios. 
Los jóvenes se hallaron todo el año en el sistema lagunar 
costero, con densidades entre 0.001 y 0.302 ind/m2. La 
tasa de crecimiento diaria fue de 0.06 a 0.27 mm longitud 
del cefalotórax (CL) y no se apreciaron diferencias signi-
ficativas entre estaciones. La mortalidad total (Z) semanal 
estuvo entre 0.04 y 0.34. Reclutas, jóvenes y subadultos 
presentan un patrón de distribución bimodal regulado por 
las condiciones prevalecientes durante la estación de estío. 
Los valores máximos de abundancia de los estadios juve-
niles se presentan en diciembre-enero y marzo-mayo. La 
abundancia presentó una correlación significativa inversa 
con la salinidad (r=-0.42; p<0.05) y positiva (r=0.44; 
p<0.05) con el contenido de limo. No se distinguió una 
clara correlación entre la talla de emigración, la estación 
del año y la temperatura del agua.

Palabras clave: Litopenaeus vannamei, dinámica pobla-
cional, lagunas costeras, México.
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