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Abstract: This study analyzes the spatio-tem-
poral variations in the abundance and bio-
mass of mysis larvae of penaeid shrimp in the
Mandinga Lagoon System (SLM), Veracruz,
between 2008 and 2015, with the objective of
understanding their ecological dynamics and
their relationship with environmental and se-
dimentological factors. Larvae were collected
at 13 stations distributed throughout the sys-
tem, evaluating variables such as temperature,
salinity, dissolved oxygen, transparency, sedi-
ment type and organic carbon content. The
results showed notable fluctuations in densi-
ty (0.51 to 1231.66 ind/100 m?) and biomass
(0.01 to 12.15 g/100 m?), with maximums re-
corded mainly in areas with high submerged
aquatic vegetation (SAV) cover and substrates
rich in mud and organic matter, especially
north of La Redonda and Mandinga. No in-
dividuals were observed in La Larga lagoon.
The distribution presented an aggregate pat-
tern and was not significantly correlated with
physicochemical variables, suggesting that
factors such as habitat structure and hydro-
logical dynamics have a greater influence on
larval retention. The study provides eviden-
ce for the ecological importance of SLM as a
penisid breeding ground and underscores the
need for systematic monitoring to assess the
effects of anthropogenic disturbance and cli-
mate change on these coastal ecosystems.
Keywords: mysis larvae, penaeid shrimp,
Mandinga Lagoon System, estuarine recruit-
ment.

INTRODUCTION

The study of the larval stages of aquatic or-
ganisms, particularly crustaceans, represents
an essential component for understanding the
ecological dynamics of estuarine and lagoon
ecosystems. During the mysis stage, these or-
ganisms occupy a key link in the aquatic food
web, acting as secondary consumers and as
essential prey for a wide range of fish, inclu-
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ding species of commercial and ecological re-
levance (Mauchline, 1980; Price et al., 1988).
Despite their importance, knowledge about
the biology, ecology and distribution of crus-
taceans in many tropical and subtropical re-
gions, such as the Mandinga Lagoon System
(SLM) in Veracruz, Mexico, remains limited
and fragmentary.

The SLM is an estuarine complex of high
primary productivity and high biological di-
versity, located on the central coast of the Gulf
of Mexico. This system provides essential ha-
bitat for diverse species of fish, crustaceans,
and mollusks, many of which depend on the
estuaries during some phase of their life cycle.
However, the SLM has undergone significant
transformations due to anthropogenic pres-
sure, such as urban growth and, especially,
the recurrent dredging of La Larga lagoon in
2010, 2015 and 2018, with the objective of res-
toring marine connectivity and favoring wa-
ter exchange (Rodriguez-Varela et al., 2019,
2022).

In this context, the analysis of the mysis
stage acquires particular relevance, since it
allows inferring key aspects of recruitment,
reproduction and the structure of local po-
pulations of penaeid shrimp (Rodriguez et
al., 2001). In addition, the identification and
quantification of these larval stages can act
as sensitive indicators of habitat quality, gi-
ven their response to physicochemical chan-
ges such as salinity, temperature and nutrient
levels (Dall et al., 1990; Lemos-Michel et al.,
2013).

From an ecological perspective, mysis
show remarkable physiological and ecologi-
cal plasticity in the face of variable environ-
mental gradients, characteristic of estuaries.
This makes them model organisms for inves-
tigating population responses to natural and
anthropogenic disturbances. Previous studies
have shown that their abundance and spatial
distribution are closely related to factors such
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as estuarine hydrodynamics, food availability
and predation pressure (Wittmann and Wirtz,
1999; Barletta et al., 2005). Therefore, knowle-
dge of their ecology in poorly studied lagoon
systems, such as Mandinga, allows us to esta-
blish baselines for ecological monitoring and
conservation of these ecosystems.

Likewise, the study of these organisms ac-
quires relevance in the face of the challenges
of climate change and the growing anthropiza-
tion of coastal areas. The estuaries of the Gulf
of Mexico, and particularly those of Veracruz,
face pressures such as urbanization, pollution,
and hydrological alterations, which can nega-
tively affect the processes of dispersal, settle-
ment, and recruitment of species with plank-
tonic larval stages, such as penaeid shrimp
(Kennish, 2002). Documenting the presence,
abundance and morphometry of these stages
under current conditions will facilitate, in the
future, the evaluation of changes in plankto-
nic biodiversity and in the functionality of es-
tuarine systems.

In addition, studies on mysis contribute to
the taxonomic and systematic knowledge of
crustaceans, a group that in tropical regions,
such as Mexico, presents important informa-
tion gaps. The scarcity of larval identification
keys and morphological descriptions hin-
ders the progress of ecological and biodiver-
sity research in these areas (Suarez-Morales,
2003). In this sense, integrative initiatives
that document the morphology, ecology and
distribution of these organisms are crucial to
strengthen the basis of scientific knowledge in
megadiverse regions

Like other estuarine systems in the Gulf
of Mexico, the SLM represents a key area for
recruitment of penaeid shrimp in their early
developmental stages, such as larvae and pos-
tlarvae (Lara-Dominguez et al., 2011), as well
as for other benthic organisms of ecological
and fisheries importance. Since the 1970s, se-
veral investigations have been documented in
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the SLM and other Veracruz systems that ad-
dress these phases, although they have mostly
been sporadic, with limited scope or without
a specific focus on larval populations of pe-
naeid shrimp (Peniche, 1979; Sanchez, 1979;
Diaz and Latournerie, 1980; Arreguin-San-
chez, 1982; Reguero and Garcia-Cubas, 1993;
Barrera-Escorcia, 2006; Barreto-Segura, 2019;
Rodriguez-Varela et al., 2019, 2020). This gap
contrasts with the more systematic efforts de-
veloped in regions such as northeastern Ta-
maulipas or the Campeche Sound, historically
recognized as priority areas for the shrimp
fishery in Mexico (Castro-Meléndez et al,
1990; Castro and Arreguin-Sanchez, 1991;
Barba-Macias, 1999; Ramirez-Rodriguez et
al., 2000; Dominguez et al., 2003; Rosas et
al., 2004; Wakida-Kusunoki et al., 2005, 2008;
Ocafa-Luna et al., 2008; Cervantes-Hernan-
dez and Gracia-Gasca, 2011). However, more
recent research in other Veracruz systems has
begun to document in greater detail the dyna-
mics of penisid larvae and postlarvae, which
evidences the potential of this region to gene-
rate relevant ecological information (Sanchez
and Soto, 1993; Trejo, 2015; Chdzaro-Olvera
et al., 2020).

Despite the ecological and fisheries impor-
tance of the SLM, there is a notable lack of sys-
tematic studies documenting the spatiotem-
poral variations of penaeid shrimp postlarvae.
This limitation hinders the understanding of
its role as a nursery area, which is essential for
the management and conservation of these
resources. In this framework, the following
research question was posed: What are the
spatiotemporal variations in the abundance
and biomass of shrimp postlarvae in the Man-
dinga lagoon system, and how are they related
to environmental conditions and sedimento-
logical characteristics of the system? The ob-
jective of the study was to contribute to the
knowledge of the spatio-temporal variations
in the abundance and biomass of penaeid
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shrimp postlarvae in the Mandinga lagoon
system, Veracruz, Mexico, through the analy-
sis of data obtained during samplings carried
out between 2008 and 2015.

MATERIALS AND METHODS
The present investigation was carried out
in the Mandinga Lagoon System (SLM) which

has been extensively described by Rodrigue-
z-Varela et al. (2019, 2020; 2022) (Figure 1).
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Figure 1. Location of the SLM and sampling
stations (Taken from Rodriguez-Varela, 2019).

Annual collections were carried out at 13
sampling stations distributed throughout the
system. Conventional hydrometeorological
variables were recorded at each station: dep-
th (cm), using a Depthmate Speedtech model
SM-5 portable echo sounder; transparency
(cm), using a Secchi LaMotte disk; water tem-
perature (°C), salinity (ups) and conductivity
(mS/cm), using a multisensor YSI 30; dissol-
ved oxygen (mg/L), using a Waterproof Oak-
ton DO 300 Series oximeter; and pH, using a
Waterproof pH Testr. potentiometer.

Additionally, sediment samples were col-
lected using a 6.8 cm x 7.1 cm x 120 cm Wa-
terMark* universal core sampler (Poppe et
al., 2000; Zaixso, 2002; TEM, 2016). Samples
were washed, dried and dry sieved. Total or-
ganic carbon content (%) was determined by

the chromic oxidation technique of Walkley
and Black, using sediments previously passed
through a 0.5 mm aperture sieve. For texture
analysis, Wentworth granulometry was used,
using a Ro Tap mechanical shaker with sieves
of 2.0 mm (gravel), 0.0625 mm (sand) and
<0.0625 mm (mud), expressing the results in
percentage of dry sediment and classifying
the type of texture (Wentworth, 1936; Poppe
et al., 2000; Munoz-Iniestra et al., 2011).

Shrimp postlarvae were collected using a
70 cm x 140 cm Renfro type net, with 700 um
mesh, and a 30 m long by 1.5 m high chin-
chorro, with mesh opening of 0.635 cm (Zai-
xso, 2002; TEM, 2016). The captured orga-
nisms were fixed in 10% formalin in properly
labeled plastic jars and transferred to the Co-
astal Oceanography Laboratory of the Facul-
tad de Estudios Superiores Iztacala, UNAM.
Taxonomic identification was performed
based on specialized keys (Pérez-Farfante,
1969; Williams, 1984; Fischer et al., 1995; Ro-
cha-Ramirez et al., 1996; Pérez-Farfante and
Kensley, 1997; Arenas-Fuentes and Hernan-
dez-Aguilera, 2000; Brusca and Brusca, 2005;
Medellin-Mora et al., 2009), and the nomen-
clature was updated according to the World
Register of Marine Species (WoRMS Editorial
Board, 2025).

All organisms were counted, weighed and
preserved in 70% alcohol. Abundance records
were expressed in density (ind/100 m?) and
biomass (g/100 m?). The spatial distribution
of abundance was represented by isolines ge-
nerated by geostatistical interpolation using
the Kriging method, in Surfer v.8 software
(Golden Software, 2002), and visualized gra-
phically using QGIS (2016).
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Figure 2. Temporal variation of the average density of mysis larvae in the SLM.

3.0000

25000 - +

2.0000 -

1.5000 - %

1.0000 - }

0.5000 - ; % ;

0.0000 I . l . .
2008 2008 2009 2010 2011 2012 2013 2015

Lluvias

Biomasa promedio (g/100 m?)

Ao

Figure 3. Temporal variation of the average biomass of mysis larvae in the SLM.
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Figure 4. Spatial variation of density and average biomass of mysis in the SLM. Note. SE MAN: southeast
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Figure 5. Spatio-temporal variation of mysis density in the SLM during the study period. A 2008, B rains
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RESULTS

An average density of 71.90 ind/100 m*
was recorded, with a minimum value in 2008
0f 0.51 ind/100 m? and a maximum in 2010 of
408.81 ind/100 m* (Figure 2).

The average biomass was 0.77 g/100 m?,
with a minimum value in 2011 of 0.01 g/100
m” and a maximum in 2010 of 2.40 g/100 m*
(Figure 3).

The areas with the highest density (Figure
4a) and biomass records were located west to
north of Mandinga, as well as north and sou-
thwest of La Redonda. No individuals were
recorded in La Larga lagoon (Figure 4b).

The spatio-temporal changes are described
below:

2008: The lowest density (1.11 ind/100
m?) was recorded north of La Redonda and
the highest (5.00 ind/100 m?) southwest of La
Redonda (Figure 5a). The minimum biomass
was 0.13 g/100 m” north of La Redonda and
the maximum was 2.52 g/100 m? to the sou-
thwest (Figure 6a).

2008 rainfall: The minimum density was
16.19 ind/100 m?* southwest of La Redonda
and the maximum was 120.63 ind/100 m*
west of Mandinga (Figure 5b). The minimum
biomass was recorded southeast of Mandinga
(0.13 g/100 m?) and the maximum southwest
of La Redonda (12.15 g/100 m?) (Figure 6b).

2009: A density of 631.74 ind/100 m” and a
biomass of 11.80 g/100 m? were obtained nor-
th of Mandinga (Figures 5c and 6c¢).

2010: The lowest density (41.66 ind/100
m?) was recorded northeast of Mandinga and
the highest (1231.66 ind/100 m?) north of La
Redonda (Figure 5d). The minimum biomass
was 0.21 g/100 m® northeast of Mandinga and
the maximum was 6.28 g/100 m? north of La
Redonda (Figure 6d).

2011: The lowest density was 1.11 ind/100
m” southwest of La Redonda and the highest
was 10.00 ind/100 m? south and southwest of
Mandinga (Figure 5e). Biomass ranged from
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0.002 g/100 m? southeast of Mandinga to 0.05
/100 m? southwest (Figure 6e).

2012: A minimum density of 20.00 ind/100
m? was recorded south of Mandinga and a
maximum of 91.66 ind/100 m? to the sou-
theast (Figure 5f). Biomass ranged from 0.33
/100 m” southwest to 1.01 g/100 m? also sou-
thwest of Mandinga (Figure 6f).

2013: Density ranged from 3.33 ind/100
m? east of Mandinga to 140.00 ind/100 m®
north of La Redonda (Figure 5g). Minimum
biomass was 0.03 g/100 m? east of Mandin-
ga and maximum biomass was 1.55 g/100 m*
north of La Redonda (Figure 6g).

2015: The lowest density was recorded west
of Mandinga (5.00 ind/100 m?) and the hi-
ghest east of La Redonda (228.00 ind/100 m?)
(Figure 5h). The minimum biomass was 0.003
g/100 m*> northeast and west of Mandinga,
and the maximum was 1.53 g/100 m” east of
La Redonda (Figure 6h).

The mysis were collected under ambient
conditions with an average water temperature
of 28.01 °C, ranging from 21.69 to 30.42 °C;
average salinity of 25.50 ups, ranging from
14.85 to 31.48 ups; average dissolved oxy-
gen of 8.71 mg/L, ranging from 6.67 to 10.95
mg/L; and average transparency of 76.18 cm,
with a minimum of 57.93 cm and a maximum
of 88.50 cm.

Sediment characteristics were: average
gravel content of 9.67 %, ranging from 5.09
to 19.01 %; sand with an average of 60.74 %,
ranging from 46.89 to 66.99 %; sludge with
an average of 28.49 %, ranging from 20.73 to
42.02 %; and average total organic carbon of
1.14 %, ranging from 0.72 to 1.86 %.

An inversely proportional correlation was
observed with sand proportion (r =-0.92) and
depth (r = -0.71), and a directly proportional
correlation with sludge content (r = 0.76).

Under these conditions, the spatial distri-
bution pattern of the larvae was evaluated by
means of the variance/mean ratio, determi-
ning a gregarious or aggregate behavior.
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DISCUSSION

The population dynamics of mysis larvae
of penaeid shrimp in estuarine lagoon systems
represent a key component for understanding
recruitment, productivity and connectivity
processes between coastal and marine habi-
tats. In the present study, specific patterns of
mysis larvae abundance were observed in the
Mandinga Lagoon System (SLM), which did
not present a statistically significant correla-
tion with physicochemical variables of the
environment such as salinity or temperature
(p > 0.05). This finding is especially relevant
when compared with previous works that
have pointed to these factors as determinants
of larval distribution (Camarena-Rosales,
1982; Doerr et al., 2015).

A possible explanation for this pattern
lies in the osmoregulatory tolerance of my-
sis larvae, which has been documented in
several studies (Brito et al., 2000; Alpuche et
al., 2005). This physiological capacity allows
them to develop in a wide range of salinities,
such as those observed in this study (14.85 to
31.48 ups), suggesting that other factors could
be playing a more important role in their esta-
blishment and permanence in the system. For
example, variables such as the availability of
submerged aquatic vegetation (SAV), substra-
te structure and hydrological dynamics appe-
ar to be more relevant to the aggregation of
these larvae (Minello and Zimmerman, 1991;
Clark et al., 2004).

The highest abundance of mysis larvae was
recorded in western areas of La Redonda and
north and east of Mandinga, characterized by
high SAV cover and substrates rich in orga-
nic matter. This observation coincides with
that reported by Dominguez et al. (2003) in
Mecoacan and by Pérez-Castafieda and De-
feo (2003) in Ria Celestin, where submerged
vegetation not only offers protection from
predators, but also improves feeding condi-
tions through the accumulation of detritus
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and associated microfauna. This reinforces
the hypothesis that the structural quality of
the habitat is a key factor for the retention of
mysis larvae, as proposed by authors such as
Pérez-Castaneda et al. (2010) and Rozas and
Minello (2011).

In contrast, areas such as La Larga and El
Conchal estuary, despite being exposed to se-
awater ingress, presented low densities of my-
sis larvae, which could be attributed to the low
presence of SAV, higher current velocity and
anthropogenic activities such as dredging and
boat traffic (Rodriguez-Varela et al.,, 2019).
Intervention in these water bodies, although
aimed at increasing connectivity with the sea,
can cause significant alterations in salinity
gradients, habitat availability and substrate
composition, which can negatively influence
larval settlement processes (Dominguez et al.,
2003; Hart et al., 2012).

The significant increase in the abundance of
mysis larvae in 2010 could be associated with
dredging activities in the channels connecting
to the sea carried out that same year in La Lar-
ga. Although this type of intervention can faci-
litate the entry of larvae into the system, it also
entails ecological risks such as loss of benthic
habitat, changes in hydrodynamics and increa-
sed fine sedimentation, which in the long term
can negatively modify the conditions for settle-
ment and growth of the early stages of shrimp
(Rodriguez-Varela et al., 2020).

The consistent presence of mysis larvae
throughout the sampling period is consistent
with evidence that penaeid shrimp exhibit
continuous reproduction with two main pul-
ses: spring and autumn-winter (Bauer, 1989,
2018; Ogburn et al., 2013). This supports the
importance of considering recruitment as a
permanent process, subject to multiple bio-
logical and environmental factors that vary
spatially and temporally. However, its mainte-
nance is critically dependent on the ecological
integrity of breeding habitats.
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From a management perspective, the results
of this study underscore the need to implement
conservation strategies focused on the protec-
tion and restoration of estuarine habitats with
high SAV cover and optimal sedimentological
characteristics for larval development. The de-
gradation of these habitats, often related to ur-
ban growth, uncontrolled tourism, and inten-
sive fishing activities, has been pointed out as
one of the main causes of the decline in shrimp
catches in the Gulf of Mexico (Arreguin-San-
chez et al., 1997, 2009; Barreto-Segura, 2019).

Taken together, the findings presented
here contribute significantly to the ecologi-
cal understanding of the larval stages of pe-
naeid shrimp in an understudied region of the
Gulf of Mexico. Furthermore, they highlight
the importance of considering an ecosys-
tem approach in the design of fisheries and
conservation policies, particularly in highly
dynamic systems such as the SLM, where
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