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Abstract

Xcaret Aquarium, on the east coast of the Yucatan Peninsula reproduces the Mexican Caribbean coral reef ecosystems with a primary goal of creating an artificial environment to develop a complete ecosystem of coral reef community in a no-filtration open system.

The Aquarium exhibits more than 5,000 organisms of 500 species, living together in a growing reef ecosystem.

The success of our collection, handling and support techniques has increased the survival index for coral, algae, fishes and sponges. The current aquarium conditions are stable for development of reef community supporting the ideal ambience for the natural recruitment of corals in our system, more than 500 colonies registered.

The permanent monitoring program of the registered organisms and the analysis of incoming water samples are used to evaluate the Aquarium community’s health, the growing rate of collected species, and recruitment rates of species in our artificial substrate.

Résumé

L’Aquarium de Xcaret, situé sur la côte est de la péninsule du Yucatan, reproduit les écosystèmes récifaux de la côte mexicaine de la mer des Caraïbes.

Le principe de ces présentations est de créer un environnement artificiel afin de développer un écosystème complet de récif corallien dans un système ouvert sans filtration.

L’aquarium présente plus de 5 000 organismes, appartenant à 500 espèces, réunis dans un écosystème récifal en croissance. Le succès de nos techniques de récolte, de maniement et de protection, ont amélioré le taux de survie des coraux, algues, poissons et éponges.

Les conditions actuelles de l’aquarium sont stables et favorables pour le développement de la communauté du récif, offrant ainsi un milieu idéal pour le recrutement du corail. Le programme d’enregistrement de données et de contrôle des organismes, ainsi que l’analyse des échantillons de l’eau pompée, permettent d’évaluer non seulement la santé de la communauté, mais aussi les taux de croissance et le taux de recrutement des espèces dans l’aquarium.

Introduction

Xcaret Park is located in the Yucatan Peninsula in front of Cozumel Island.

Xcaret’s goal is to put their visitors in touch with nature, Mexican culture and traditions.

In order to do this, Xcaret has ecological and archeological attractions such a Maya ruins restored by the National Institute of History and Anthropology, a botanical garden, an aviary, mammalian exhibits, a butterfly pavilion and an aquarium. Xcaret also has reproduction programs for certain endangered plant and animal species, besides outdoor conservation programs.

Coral habitats at Xcaret Aquarium

To be in touch with the high diversity of ecosystems like coral reefs is without any doubt an experience that may change our concept of nature and our attitude towards it.

Unfortunately this experience is only available for very few people. The main goal of our coral reef aquarium is to offer everybody the possibility of knowing, visiting and having a very close view of these ecosystems without damaging them.

Our goal in this project was to develop reef communities inside concrete tanks with acrylic windows in the way of functional habitats. This enabled us to create and maintain the conditions in a semi-controlled system to develop a coral reef with all the diversity and scenic beauty that characterize these systems.

Xcaret’s aquarium shows in its exhibitions the coastal ecosystems of the Caribbean Sea. The distance traveled in the aquarium simulates a journey from a deep to a shallow reef to the breaking zone, across the reef lagoon, to finally reach the mangroves.

Xcaret park has created reef environments in its aquarium showing these ecosystems in an integral way. Our reef habitats that develop over the years are reaching more diversity and beauty.

The importance of showing such diversity as in a coral reef is that the visitor may note expressively different species, the relationships among them, with their environment and with the whole ecosystem.

The original idea was developed by Mexican biologists working on coral reefs at Erik Jordan’s coral reef laboratory of the University of Mexico.

The licensing procedure lasted more than three years because of the Mexican government’s strict requirements in this subject.

During this time we practiced collection and maintenance techniques for the reef species in open systems, and developed experimental tests with construction materials for the rockwork.

In natural coral reefs the calcareous structures that give heterogeneity and support to the system are built mainly with coral stones and may take hundreds or thousands of years to develop. To avoid the extraction of this type of structures we built our own reef structures in the tanks.

We modeled them in polystyrene and built them with concrete reinforced with plastic fibers, avoiding metals in all the cases. The polystyrene was removed after the concrete set.

We designed a hydraulic system allowing the entry of plankton into the tanks. At first, this plankton allowed us to provide food to many organisms that are difficult to feed artificially. Now, most of these organisms are larvae that develop in our reef tanks. In addition to this process of natural settlement we transplant diverse organisms to accelerate the reef habitat evolution.

Our work in the creation of this aquarium is based in a strong commitment to conservation. We focus our work on the development of low-impact collecting techniques that are described below. Besides these techniques, our collecting areas are as Peter Glynn described this year: dispersed coral communities patchily distributed off Xcaret where there is no reef-building today or in Holocene times (Glynn, 2000).

Coral reefs grow in very clear water because corals, their main builders, need light to live due of their symbiosis with algae. The loss of light with increasing depth is an important factor. Light in our coral reef habitats is natural, filtered by polycarbonate domes with photographic filters selected according to spectral radiation at different depths in the Caribbean Sea, as reported by Dustan in 1982.

System Description

In order to make this system work, we had to take into consideration the following steps:

The system should work 24 hours a day every day in the year with not interruption exceeding 5 to 6 hours.

Once the tanks are filled, they cannot be emptied in any circumstance because that would damage our coral reef community.

Water should be of very high quality. We should avoid the entrance of sediments and water of lower salinity from the discharge of underground rivers in the area of the sea.

The system must be able to pump plankton without damaging it.

All the main conditions of natural ecosystems should be simulated, meaning reef structures, currents, waves, quality and quantity of light, so on and so forth. We must be able to handle all of this skillfully.

From the exhibition point of view, people should not be able to see any material or installation foreign to a natural coral reef.

All these aspects were reached with simple low-cost technology thanks to our location far from specialized consulting and advisors. That is what makes teamwork so important, because it is people who make things work.

Hydraulic System

The system works in series, even though it can be set in parallel, in case of emergency.

The entire hydraulic system in the aquarium is redundant and designed to work in case of electric failure and other emergency situations. Although the system normally works without any filtration, it does have a filtering system in case of storms or hurricanes.

Water movement is very important to accomplish the biological processes. The strength and direction of water flows can be manipulated in the tanks with several kinds of waves and current generators.

Aquarium Development

After this design and construction period, Xcaret Aquarium opened its doors in 1995.

One of the most important features in the development of the reef habitat was the knowledge of characteristics and conditions of the system in each step of the process.

When we began collecting the organisms we also installed a monitoring program that is still functioning. This includes revision of the water quality and a very precise record of the development of these transplanted organisms.

Physicochemical sampling

We check the physicochemical values - such as temperature, pH, salinity, turbidity, and the values for the saturation and dissolution of oxygen, etc - at several points of the seawater intake and the major tanks.

Due to the characteristics of our system and the precision required for coral reef samplings, nutrients are monitored using a Hewlett Packard spectrophotometer with specific techniques designed for seawater. Sampling of nutrients is done twice a day in different points of our reef habitats, also paying attention to the seawater intake.

The data on physicochemical parameters and nutrients provide us the history of the system’s behavior in order to determine its operational range. This gives us tools for future management and modifications.

Collecting Techniques

Special collecting techniques were used to avoid negative impact on the coral reef communities where we work.

For soft corals and sponges, we make partial transplants. We cut fragments of the animal, leaving the original colony in the ocean, while the fragment is transplanted to the tank. In the case of soft corals, the fragment develops its basal tissue on the rock with a firm attachment: 69% of the total collection is made in this way, 17% of the soft corals are rescued after being detached by storms and 14% of the total is made with complete transplants, the only option for sea fans of the genus Gorgonia. For hard corals, only branched types like Porites sp., Agaricia sp. and Acropora sp. can be transplanted by fragments, making up 8% of the total collection. 78% of stony corals are rescued after being detached by storms or strong winds; they may be fragments or complete colonies. Complete transplants are made from a coral reef community in front of Xcaret which has a high rate of erosion causing some colonies to be detached from the bottom and fastened only by sponges. This type represents 14% of the total collection.

Databases

Each collected organism in the aquarium has its own unique record in the database in order to identify and keep an individual health monitory every two weeks to determine their reaction to the new environment.

Today we have enough information to determine the community structure that can be supported by our system.

Fluorometry

We are working in a project with Roberto Iglesias’s team from the National University of Mexico to evaluate the health of corals using a technique originally designed for plants. It consists in the evaluation of the response of Zooxanthellae algae to light. As we know, Zooxanthellae have a symbiotic relationship with coral polyps that confers some special physiological capacities to corals.

The technique is based on Fluorometry, that measures the amount of light absorbed and then emitted by the Zooxanthellae showing the degree of luminous stress of the colonies in our tanks.

Survival index

The introduction of organisms in the tanks has been slow, giving time to the system to mature gradually.

The survival index for hard corals has increased over time: the index rose to 66% in 1997, 94% this year. In the case of soft corals the survival index in 1997 was 85%, dropping to 68% in 1999 because of water circulation problems. In 2000, survival was 87%.

Sponges have a lower survival index because their structure depends on the environment in which they grew, since it is more difficult for them to adapt to a new environment. Moreover, they have the highest record of depredation by fish in the aquarium. However there is a positive balance between mortality of collected sponges and their colonization of new areas, promoted perhaps by fragmentation due to depredation.

Recruitment

Every six months we make a photographic record of recruits, with special focus on corals, of which there are now more than five hundred growing successfully in our exhibits.

Exhibits have a high degree of development and now there is a high dynamic between the species, the competition and depredation relationships are common practices in the created ecosystems and follow them is very difficult.

Recruitment represents approximately 20% of the total collection in the aquarium and, over time, it will be more important than species collection.

Current Collection

In the aquarium we created an environment where fish and invertebrates can live together. Each small corner reproduces a microcosm allowing the development of different communities for the reef ensemble.

In the break-zone tank we have the highest recruitment with a hundred percent of the substrate covered by corals, algae, and other benthic organisms.

In this habitat, species like Acropora palmata and A. cervicornis are growing very fast.

After 5 years of work and research in the aquarium, we have important pieces of coral reefs from the Mexican Caribbean. We have a representation of all the groups like echinoderms, corals, mollusks, crustaceans, etc, making up a total collection of thousands of animals and a great variety of algae in the exhibits.

Next step for the system

We are now working on the design of certain system modifications to optimize it and be able to close the system for a few days in case of adverse ocean conditions.

Conclusion

The complexity of reef ecosystems requires a multidisciplinary team, which is why we are working with researchers from the National University of Mexico and other institutions.

That is how the combination of natural recruitment process, the transplant of organisms along with the efforts and care from many people have enabled us to develop exhibits that can be seen as real Coral Reef Habitats.

Exhibitions of our extraordinary natural resources provide an invitation to better understanding, knowledge and care of the environment.

With patience, effort and imagination, as in your aquariums, we work with the spirit and desire of sharing the submarine world with others only by looking through a window.
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