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INTRODUCTION

In the State of Quintana Roo, the evaluation d the fisheries adivities has not been apriority in the reseach lines of the existing scientific institutions. The main fisheries activity
iscentred onspedes like aayfish (Panulirus argus Latreille, 1804, the shrimp (Penaeus schmitti) and the Queen conch (Srombus gigas), which present a high economic value
for the fisherman.

The fish in general are in third place of importance, and few work related to them has been developed, and in consequence, most work is on crayfish and Queen conch. This
situation shows the importance of opening perspedives and focus work onthe evaluation d the fisheries of fish.

The scientific knowledge with respect to the evaluation d fisheries in Mexico is based on the gplication d analytical and holistic mathematicd models, andin very few cases
modern methods, such as acustics, have been applied. For this reason, the present work is important, as it is the first one that uses hydroacoustic methods in shall ow waters of
the Mexican part of the Caribbean.

The technicd performance of modern acustic instruments allow to apply new methoddogical approaches in the seach of solutions for areas that reac from very shalow
waters to the talus, enabling the study of aggregations of fish that live in these aeas or that use them as gawning ground(Fig. 3).

Fig. 1: Map of Banco Chinchorro, off the coast of the Yucaan Peninsula

Fig. 2 Nassau Grouper (Epinephelus striatus)

There is poar information onthe dharaderistics of the ealogy and fishery of the Nassau Grouper (Epinephelus striatus). Comments are available on the fishery at the site of
Mahahual (18° 43Ny 87 42W, Fig. 1) initsinitial phase (Carranza-Fraser 1955,Solis-Ramirez 1966, Miller 1982), and more recent studies ded with the traditiona fishery
during the spawning aggregations of this gecies at the same site (Aguilar et.al. 19941998), as well as a preliminary study d the Grouper fishery in the South of Quintana Roo
by Sosa-Cordero and Cérdenas-Vidal in 1995.

Biologicd studies of E. striatus (Fig. 2 during threeperiodsin the aea of Mahahual (1991:1994) report individuals with lengths between 39 and 8&m, ranging in weight from
1300-9700g, and having a sex ratio male to female of 1,4:1 (Aguilar-Perera and Aguilar-Dévila 1996).

The Nassau Grouper is known for migrating in the Caribbean and concentrates at historic spawning areas for reproduction with variable intervals of 3 to 4 days before or after
full moon, during December, January and February.

The fishing adivity of this area is considered as artisan fishery, given the degree of development of fishing methods and techniques applied (Miller, 1982; Alcad& Moya, 1985
Sosa Cordero, 1995 and Caballero, 1999.
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The dfects of both, artisan and furtive fishery within the aygregations of tropical and reef fish, like in the cae of the Nassau Grouper, have led to the partial or even total
disappearance of these aygregations at sites used in the past by these fish (Fig. 4), in spite of the regulations for their protection (Aguilar, 1995).




Due to the distribution of the Caribbean reefs, the State of Quintana Roo coast is the only areain Mexico where ree fish aggregate for spawning or reproduction.
Inafirst intent, acoustic samplingin the aeaof Mahahual was performed with a mmmercial FURUNO echosounder, all owing kesic observationsin the work area.

The objective of thiswork is to study the aygregations of the Nassau Grouper, aswell as the rest of the fish pgpulations associated with the talus of the Mexican Caribbean of the
Yucaén peninsula, using hydoamustic methods, and to establish amethoddogy that allows the continuation o these studies for the evaluation and a major knowledge of these
resources.

MATERIAL AND METHODS

= Vessels

In order to redise the aoustic survey, the ship BIP-VIII (Fig. 5), employed by SEMARNAP (Secretaria de Medio Ambiente, Reaursos Naturales y Pesca) for the investigation
of the protected netural area of Banco Chinchorro (Fig.1), was used.

Charaderistics of the vessel:
40ft (12,2m) length

14ft (4,3m) width

5 ft (1,5 m) draught

Diesel engine (150 HP)

Fig. 5: Reseach vessl BIP-VIII

In case of the Mahahual survey aso small boats with ouboard engine were used, depending on the sea state.

= Equipment used

In the years 2000and 200data acquisition was performed with a BioSonics DT5000 digital echasounder, using a 130kHz dual beam digital transducer, while in the 2002survey
aBioSonics DT6000 digital echosounder with a208 kHz split beam digital transducer was deployed.

In 2001, additionally a RESON 6012 multibeam sonar with an operating frequency of 455kHz was used.

=Acoustic system calibration

The calibration of the echasounders was performed with a standard target (32mm tungsten carbide sphere), located 3m below the transducer surface. In case of the DT5000
equipment, a difference of -0,5aB with respect to the established standard values was found. This offset was introduced correspondingly into the systems setup. In case of the
DT600Q no corredion was required.

= Sudy area

The areas seleded for the study were the Southern part of Banco Chinchorro and the littoral of Mahahual, both located onthe Eastern part of the Y ucatan Peninsula, Mexico
(Fig.1). In both cases exists aslope beginning at the reef barrier,at about 8m depth, davn to about 50m, where the seabed abruptly drops off (Fig. 6).

=Methodological aspects

Generally, triange or “zig-zag” transeds were performed in drection to the coastline, with the objedive to cut the slope in a perpendicular sense, up to depths around ®m,
where the sudden drop off occurs and which is where the particular interest in the knowledge of the abundance of the fish, located specificdly here, was founded.

However, some transeds were performed parallel to the coastline, trying to maintain rougHy a nstant bottom depth, with the objedive to dbserve the distribution of the fish at
this particular depth.

In areas of possble aggregations of the Nassau Grouper, transects were ancentrated, searching the dense shoals reported by the fishermen in ather occasions.

For the analysis, the water column was divided into levels (strata) of 10m each, and the reports were established for each 400 pings approximately. The information duing
processing was collected in orefile per transect. TS analysis was restricted to values between -55dB and -20dB. This range corresponds,based onempiricd assumptions,
basicaly to the expeded sizerange of the species of interest, E. stratus.

The multibeam sonar deployed in the secondyea of the projed was used for searching shoals and mainly while performing transects parallel to the coastline.
In order to verify the existence of the resource divers were used as well as have been redised surveys amongst the fishermen in the aea

In order to olrain the data used for the graphical presentation of the distribution of the resource per strata and the TS (Target Strength), the files with extension *.DTE, generated
by Biosonics VisualAnalyzer software during processing, were used.

Data from the survey in 2002 hes been partialy processed using SonarData Echoview®.



RESULTS

During the recognition phase and the study d the aea two helf-landings of the seabottom are observed, which occure very frequently at depths between 30and 40m as well as
between 50 and 60m. In both cases, this is where the major portion d the areas fish is encourtered, mainly in the one between 50and 60m. In the aeaof Mahahual in the first
strata, at depths between 1 and 5m, alayer paossibly consisting d plankton and small fish, that covers the major part of the aea, at least during that part of the year, are detected.
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Fig. 6: Schematic view of the seabottom topogaphy, the appli ed techniques and
the preferred location of the resource
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Fig. 7: In 2000 in Banco Chinchorro, mainly smaller fish Fig. 8 In Mahahual (2000), smaller fishis

isobserved. observed mainly in the upperlayers (>20m).
A quantity of medium and small sized fish with TS smaller than -40dB (Fig. 7), major than that of fish of larger sizes, isrecogrized in the study area
In the aeaof Mahahual, the observation that the smallest fish move from the upper layersto deeper layers and back is made, obviously depending onthe hour.
No significant shoals of fishes with larger sizes that could correspondto Epinephelus striatus are detected in Mahahual .

In 2001 and 2002, fish are mainly concentrated in the deeper layers (>20m), less fish is observed in the upper layers (<20m) (Fig. 10and 11), while in 2000 smaller fish
was mainly restricted to the upper layers (Fig. 8and 9.
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of the Carribean slope upto depth of 70m.

Distribution of fish per day and strata during the prospection in Mahahual and  Distribution of fish per day and strata during the prospection in Mahahual and Distribution offish per day and strata during the prospection in Banco Chinchorro in
Banco Chinchorro in January of 2000 Banco Chinchorro in Febreary of 2001 January of 2002
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Fig. 9: In 2000, mainly small fishis Fig. 10 In 2001, fishin bath areastend to be Fig. 11 In 2002, most fish isagain deteded
encountered in the upper layers, while there detedted in the deeper layers. in degper layers.

isgenerally few fish in deeper layers,

espedally in Mahahual.



DISCUSSON

While it was difficult to verify the detedtion o larger targets as coming specificaly from E. striatus, mainly due to the restrictions related with diving procedures and also due to
the fad that other species of the same or similar sizes are common in the aeg generaly a higher number of fish could be observed in the deeper layers where E. striatus is
known to aggregate. Thisis espedally true for the 2001and 2002surveys, while in the 2000 survey, espedally in Mahahual, smaller sized fish was very abundant in the upper
layers (<20m).

Althoughit becane dear that hydroacoustic surveys are an adequate tod for the study  spawning aggregations of E. striatus, and generally for the fish species present in the
study area, a particular problem is the fact that the aggregations only occur during a few days and at very specific locaions, which makes it difficult or even impossible to
perform a systematic survey. A further and important restriction is the limited number of dives divers can perform in the given time frame. As verificaion d the observations
made through the acoustic system is an essential part of the method, further experience from further surveysis required to develop adequate solutions for this problem.

Still, valuable information on the distribution and size @mposition d the fisheries resource of the aea ould be gathered and TS data from the survey in 2002, which has not yet
been processed completely, will all ow further insight into this till insufficiently studied area.

ACKNOWLEDGEMENTS

This work has been suppated by several Ingtitutions, namely the Centro de Estudios Temoalégicos del Mar (CETMar No. 10, Mexico, the Institut de Recherche pou le
Developpment (IRD), France ad the Red Aculstica del Caribe. We a's would like to expressour gratitude to the Reserva de |a biosfera de Banco Chinchorro, Mexico and to
Amigos de Sian Ka an, Mexico, who were of grea help in this projed.

Corresponding author: Patrick Schneider (ps@wol.es)



