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INTRODUCTION

Shrimp from the Mexican Pacific Ocean is one of the most important fishery resources, not only
because of its high commercial value but also because of the impact it has on society with the
generation of employment since it is a fishery that is exploited in different phases of its life cycle
and offers other moments for its exploitation. In Mexico, shrimp is ranked second in terms of
volume in fishery production; however, in terms of value, it is in the first place. In exports, it is first
among fishery species, with the United States of America, Japan, and France as its main
destinations. Regarding the value of production, it was valued at 7,696.8 million pesos. Therefore,
it can be considered the primary fishery in the country. In Baja California Sur and by the magnitude
of production, this resource is positioned in fourth place, after fisheries such as sardine, squid,
and clams. In the artisanal shrimp fishery of the lagoon system of Bahia Magdalena - Almejas,
around 900 fishermen with 450 boats participate directly and indirectly at least another thousand

jobs are generated in the process of beheading the product.

This work period lasts approximately half a year (September to February), so that, together with
the clam fisheries, it constitutes one of the leading fishing activities in the communities
surrounding the lagoon system of Bahia Magdalena - Almejas, which is the most important in the
State. Variably but unequivocally, when environmental variations and stock conditions allow it,
the distribution and abundance of the resource extend, although on a smaller scale, to at least
two other lagoon systems on the west coast of the State, the San Ignacio lagoon and the Guerrero
Negro - Ojo de Liebre lagoon system, as well as to the marine zone of the west coast of the Baja
California peninsula. In general, in the area of management and administration of the fishing
activity, one of its main goals is to maintain a stable pattern of catches over time and, if possible,
to obtain increases in the same when the environmental conditions and the health of their

populations allow it.



On the other hand, shrimp trawl fisheries are distinguished by catching a significant amount of
non-target or incidental species, called "shrimp accompanying fauna" (SAF). Internationally, one
of the essential concerns in the management and conservation of exploited marine ecosystems
today is the mortality of bycatch species (Pope et al., 2000; Davis, 2002). The shrimp fishery in
tropical areas is one of the most significant contributors to this problem, generating about 1.86
million tons, representing 27.3% of the total bycatch of the world's commercial fisheries (Kelleher,
2005). In the lagoon system of Bahia Magdalena-Almejas, B.C.S., a modified trawl net
(Magdalena I) was made mandatory to reduce the magnitude of the SAF and eliminate the capture

of sea turtles by including an excluder device (DOF, 2001).

A basic description of the fauna affected by shrimp trawling and an evaluation of the changes
caused by fishing are essential to understanding the effects of shrimp trawling on the ecosystem
and the administrative measures related to fishery management (FAO, 2006). Currently, fisheries
management should be carried out with an ecosystem approach to conserve stocks, reduce
bycatch, conserve ecosystem structure and function, and develop sustainable fisheries that
fishers can live from (FAO, 2006; Gillett, 2010). Complementarily, an ecosystem approach is
perhaps particularly appropriate for shrimp management because shrimp play an important role
as prey in most ecosystems; they are susceptible to climatological factors that determine their life
cycle and recruitment; they are sensitive to the quality of coastal habitats; their fisheries impact
other fisheries through bycatch; and trawling has potential impacts on the seabed and the fauna
living there (Gillett, 2010; Cowan et al., 2012).

In the context of the relevance of the present research proposal, it is intended to continue
responding to specific research demands with the following particular lines of research: (a)
research oriented to update population parameters and the status of the resource; (b) continue
with the analysis of the accompanying fauna; (c) incorporate new analysis tools for fishery
modeling under the perspective of integrated analysis based on length; and eventually it will be
possible to continue with the update of the corresponding file of the National Fishing Chart, the
chapter of the "red" book on "Sustainability and Responsible Fishing in Mexico: Evaluation and

Management" and the Fishery Management Plan.
OBJECTIVES

To update the knowledge of the structure and population dynamics of the species that compose
the shrimp resource and accompanying fauna of the fisheries in protected waters (Magdalena-

Almejas Bay) during 2022.



Particular objectives

- Characterizing species composition and establishing population aspects such as sex ratio, size

structure, reproductive cycle development, and spatial and bathymetric abundance distribution.

- Estimating the parameters that define the processes of mortality, growth, reproduction, and

selection.

- Characterization of the size at first maturity, relative recruitment, exploitation rate, and population

size.

- Characterization of the shrimp’s accompanying fauna (SAF) during the 2022 closure and the

2022-2023 fishing season in the lagoon complex Bahia Magdalena-Almejas, B.C.S.

- Determining the essential species in the SAF according to the ecological indexes (biological

value index BVI, relative abundance index RAI and relative importance index RII).

- Comparison of species present in the shrimp's accompanying ichthyofauna from 2014 to 2022
with those reported in works before 2014 carried out in the lagoon system Bahia Magdalena-

Almejas.

- Determine the species of commercial value found within the SAF in the lagoon complex Bahia
Magdalena-Almejas, B.C.S.

MATERIAL AND METHODS
Shrimp

For the Bahia Magdalena-Almejas lagoon complex, monthly shrimp biological fishing sampling
campaigns will be carried out during the closed and fishing seasons. Shrimp collections during
the closed season (data independent of fishing) are carried out in a series of stations that include
estuaries and bays, in which areas of importance in the environmental dynamics are selected for
their location, such as the mouths of the bays, in the most important estuaries, on the possible
migratory routes of shrimp and in front of the tributaries of the streams generated seasonally
during the rainy season. The sampling stations are located in potential entrainment areas because
not all are susceptible to entrainment, so different polygons were established for each zone. In
Magdalena Bay (Fig. 1) 11 polygons were defined, while in Aimejas Bay 5 polygons were shown

(Fig. 2). The date, geographic location with a portable satellite positioner (GPS), time of day, and



depth with an optical depth meter were recorded at each station. For the surface and bottom water
layers, temperature, salinity, dissolved oxygen, and pH are recorded using a Van Dorn bottle and

a YSI multiparameter meter. Finally, the characteristics of the fishing gear used are noted.
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Fig. 1. Polygons comprising the shrimp and accompanying fauna sampling stations in the deep

zone of Magdalena Bay, B.C.S.

For sampling in the estuaries, those days are considered when the tidal effect is at its maximum,
so sampling is carried out during the new moon or full moon, and during the low tide stage at the
entrance and terminal ends, as well as in the intermediate zone of the estuaries. Ten sets are
made with a standard 1.5 " (38.1 mm) line to obtain an average estimate of abundance per set;
these collections are complemented with groups of "louse" lines (< 1.25 inches) to broaden the
size spectrum. In the deep areas of the bays and channels, sets are made at the end or beginning
of neap tide periods or during neap tide periods. Collections are made using a small boat with an
outboard motor (55-105 HP), and a trawl net ("Magdalena I") of 8-9 fathoms headrope length and
1 3/8" (34.92 mm) mesh size; the set has a standard duration of 60 minutes. In the intermediate
zone between estuaries and bays and considering that it is the traditional fishing gear in these

areas, the suripera net will be used to evaluate the comparative efficiency with the other nets.



The sampling points correspond to the estuaries called 1) San Carlos, 2) San Buto, and 3) La
Herradura, eventually also registering in the area called 4) Banderitas. For the estuaries in the
Bahia Almejas region, the estuaries defined are 1) Salinas, 2) El Cayuco, and possibly 3) Puerto
Chale.

Fig. 2. Polygons comprising the shrimp and accompanying fauna sampling stations in the deep

zone of Bahia Almejas, B.C.S.

From the catch obtained at each station, the shrimp species composition (Pérez-Farfante 1988,
Pérez-Farfante and Kensley 1997) and their proportion in weight and the corresponding number
for each one of them is determined. From the shrimp captured, the specimens are separated and
counted by species. For shrimp, depending on the number of specimens in each haul, if it is less
than 100, the total is considered for analysis; otherwise, a subsample of 100 individuals is
separated as the minimum sample size. The relative abundance of the season is determined in
terms of abundance per unit of time (Kg/hr), surface area (kg/m2) using the swept area method
(Sparrre and Venema, 1997), and fishing gear (Kg/set). Sex ratio, size structure (total length) by



length intervals of 5 mm full length, and degree of gonadal maturity were recorded by
morphochromatic evaluation. In shrimp, for males of both species, two degrees of maturity are
considered, | - Immature (separate petasma) and Il - Mature (united petasma); in females, also
of both species, 4 stages are recognized: | - Immature, Il - Developing, Il - Mature, IV - Spawned,
varying for each species the colors and shades. Morphometric relationships between length (total
and abdominal) and weight (total and abdominal) are also established for each species.

During the fishing season, the sampling unit for Magdalena Bay-Clams is the fishing boat. The
number of boats subject to sampling is a minimum of 6 per day, during five working days in each
month, a value defined by the work capacity of 2 people at the time of arrival of the boats. For
each vessel, the magnitude of the catch is recorded by workday or "tide,” by setting, and by time
unit. The areas of operation, total effort in number, and duration of fishing sets are recorded. From
the total catch, a random sample of 5 kg of shrimp is selected, and the species composition by
weight and number is determined. Then, 60 specimens per species were randomly selected, and
their sex, total length, and degree of gonadal maturity were recorded. The type and characteristics
of the fishing gear and maneuvers, brand and power of the engine, and the amount of fuel used

are also recorded for each vessel.

For the 2022 cycle, we intend to conduct at least ten monthly sampling campaigns, during the
2021-2022 season (January and March), during the 2022 closed season (May to August), and for
the 2022-2023 season (September to December). For both periods of the fishery, random
samples of 120 individuals per shrimp species will be obtained for the determination of lengths
(+/- 1 mm) and weights (+/- 0.1 gram) total and abdominal for each sex to estimate the parameters

of the relationships between length and weight.

Ichthyofauna of Shrimp Accompanying Ichthyofauna

The activities for the study of the SAF will be carried out during the March-August period (closed
season) and in some campaigns during the 2022-2023 fishing season (October-December). It
should be noted that there are problems in obtaining SAF samples during the fishing season since

it depends on the "willingness" of the fishermen to bring such samples.

During the closed season and in the historical stations where samples are taken month by month
in the lagoon complex Bahia Magdalena-Almejas, B.C.S., in addition to shrimp, samples of SAF

are taken, both samples proportional to the total catch obtained per set. The logs record the date,



the name of the capture zone, depth of the trawl, trawl time, shrimp catch, and the catch of SAF.
A SAF sample is taken on board the vessel (when the total yield is greater than 10 kg and the
total catch is less than 10 kg) and is appropriately labeled and refrigerated for processing. Once

at the CRIAP facilities, the samples are frozen for further analysis.

Table 1. The activities for the SAF study are subject to the shrimp sampling campaigns, which

consider the following calendar.

2022
Activities/Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Field Sampling (Fishing
Season)
Sample processing

(Identification -biological)
Data analysis

Field Sampling (Closed
Season)

Sample processing
(Identification-biological)

Data analysis
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