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PROPOSAL SUMMARY

The Hatiguanico River Complex, the largest freshwater body in the Cuban archipelago, is located within the Zapata Swamp. Several rural communities exist the Hatiguanico surroundings. Those communities’ subsistence depends on the illegal consumption of endemic fishing resources, especially Cuban crocodile (Crocodylus rhombifer), Cuban freshwater turtle (Trachemys d. decussata), and Cuban gar (Atractosteus tristoechus). Because of the extreme depletion of the fishing resources in areas closest to rural establishments, fishing activities have expanded to the very border of the best-conserved zones of the Hatiguanico ecosystem. In addition, the aquatic ecosystem faces addition serious threats; e.g., aquatic biota has been adversely affected by an exotic species catfish (Clarias sp.). With the purpose of contribute to the recovery and sustainable management of fishing resources in the Hatiguanico River Complex, we propose the study of the fishing resources’ dynamic population starting from the morphometric characterization, age composition, sex ratio and genetic polymorphism of the populations of each river; and the establishment of the bases to an ecological field station, where both science and environmental education will be used to develop a local conservation effort within the rural communities with a goal of sustainable development in this territory. The infrastructure of investigation will be maintained after the completion of this project, guarantying the continuity of wildlife monitoring and the theory and practice to empower local residents and educational centers. The guidance of a sustainable management strategy will allow the recovery and rational exploitation of their populations by rural communities, starting with the establishment of legal fishing quotas based on natural population recoveries and other use alternatives, such as nature tourism.
I.BACKGROUND

Zapata Swamp, in southern Matanzas province, Cuba, constitutes the largest and best-preserved wetlands in the West Indies (Alfonso and Gutiérrez 1995, Suman 1994, Academy de Ciencias de Cuba e Instituto Cubano de Geodesia y Cartografía 1993). Because of its little-modified landscape (Iñiguez 1989a), the Swamp is considered of utmost value for both conservation and recreational purposes (Iñiguez 1989b), particularly with its great ecosystem diversity, as well as the high degree of endemism, important populations of threatened species, and unique human settlements. In addition, the Swamp includes the largest corridor for migratory species within the Caribbean and the most complex system of karstic drainage in the entire Cuban Archipelago (Telitsyn 1989, Olenin et al. 1962). With these unique qualities, the Zapata Swamp has been recognized as the symbolic wetlands of the Caribbean. It was approved as a Ramsar Site in 1999 and as a Biosphere Reserve in 2000. With Decree 197/96 of the Turquino-Manatí Plan, Cuba has declared the Zapata Swamp as a “Special Region of Sustainable Development,” because of the fragility of the ecosystems and embedded human settlements, thus instituting a management strategy committed to the Swamp’s gradual and long-term sustainable development.

Western and eastern regions of the swamp are clearly separated by deep geologic faults (Alfonso and Gutiérrez 1995; Academy de Ciencias de Cuba e Instituto Cubano de Geodesia y Cartografía 1993). Because of its important flora and fauna refuges “Las Salinas” and “Santo Tomás,” which include most of the best-conserved biota of the Swamp vegetation association, the western region has been designated as a National Park within the National System of Cuban Protected Areas in 1997. This ecosystem overlays an extensive drainage characterized by several lagoons, marshlands, ditches, artificial canals of low to medium flow, and watershed complexes such as that formed by Guareiras, Cristal-Azul, Negro, Gonzalo, and Hatiguanico rivers (see Map 1).

The west-central area of the Biosphere Reserve corresponds to the karstic axis of the Swamp, within which are two rural settlements: “Santo Tomás” and “Vínculo.” Their human populations consist of 183 and 85 residents respectively, whose primary means of obtaining first-need products is through forestry (Academy de Ciencias de Cuba e Instituto Cubano de Geodesia y Cartografía 1993). Nevertheless, surveys carried out by the research group, “Protector of Endangered Species” (P.EE.P.E) from the University of Havana, have revealed that residents in both settlements have been using traditional means in harvesting several wildlife species from the two main fishing areas (Hatiguanico River Complex and south to Maneadero); i.e., the endemic Cuban crocodile (Crocodylus rhombifer Cuvier 1807) and the endemic Cuban freshwater turtle subspecies (Trachemys decussata decussate (Gray 1831) Seidel 1988), among other wild species. Residents of another two rural settlements, “Sabana Grande” and “Hato de Jicarita” (with 315 and 275 inhabitants, respectively), in the northwestern extreme of the reservoir, are also making indiscriminate use of natural resources in the Hatiguanico ecosystem complex.

The Cuban crocodile is the resource most-often harvested by rural populations. This species is classified as Endangered (EN) in the IUCN Red List (Ottenwalder and Ross 1991), is listed in Appendix I of CITES, and considered in serious danger of extinction (Blaquier 1997). In the “Boca de Guamá” tourism area of the Swamp, a crocodile breeding facility dedicated to their ex situ reproduction for commercial exploitation has been in operation since 1959 (González 1998). In situ exploitation of the crocodile, however, is legally prohibited.

The largest C. rhombifer populations are in the central part of southeastern Zapata Swamp (Ramos 1987), especially in freshwater systems (Ramos 1998). Studies of population dynamics of the crocodile have been recent and were completed in small accessible areas (Ross et al. 1994). These studies were based on three strategies: aerial observations, night counts, and mark-recapture. Ross et al. (1994) estimated an average density grosso modo of 19.3–63.3 individuals/km2 in an area of 300 km2, which suggests a total population of 5,790–18,990 individuals. This wide and imprecise range of the estimated population size does not allow use as a reliable demographic indicator. Thus, Ross et al. (op. cit.) suggest a minimum figure of 3,000 individuals in Zapata Swamp, without considering the un-sampled populations in less accessible areas, which are the best preserved and, consequently, the most biodiverse of the territory.

Studies on several aspects of Cuban crocodile biology have been conducted ex situ, yielding useful data for its management related to incubation and development of eggs, growth patterns, and female behavior (Ramos 1987, González 1975), as well as for the identification and viability of the hybrid between endemic and American crocodiles (Crocodylus acutus Cuvier 1807). The viability of that interspecies hybrid, together with the population decrease of C. rhombifer, affects the natural populations of both species, with an overall detriment to Cuban endemism.

Cuban freshwater turtle T. d. decussata is the second most-used fishing resource by rural populations. The turtle is considered at Lower Risk (LR)–Near Threatened (nt) in the IUCN Red List (Sampedro 1999) and is listed in Appendix I of CITES (Blaquier 1997). Exploitation of wild turtles for human consumption is legally forbidden.
Studies of representatives of the freshwater turtle family Emydidae show the importance of adaptations to both terrestrial and freshwater life; e.g., morphological (Sampedro 1998, Lovich and Gibbons 1992), physiological (Gist and Fisher 1993), and behavioral (Sampedro 1998). Seidel (1996) has summarized systematic and zoogeographic studies of aspects of Trachemys decussata biology. Investigations related to population dynamics have revealed that the frequency of female appearance is independent of the season (rainy versus dry), whereas males and immature stages are more abundant during the rainy period (Sampedro 1998, Seidel 1990). Consequently, turtle harvesting during the dry season, in which trophic resources are less available, leads to an overexploitation of potentially reproductive individuals, with a reduction of the descendants of this subspecies in the rainy season, when the reproductive peak occurs.

The Cuban gar (Atractosteus tristoechus Bloch y Schneider 1801) is an endemic species of special interest, because its morphology has not undergone substantial change since the Cretaceous Period. Its meat was much sought-after by rural populations in western Cuba, where it occurred historically. At present, however, the largest populations of this paleo-endemic are believed to be in Zapata Swamp. Biological studies of the gar are scarce and, consequently, its status has not been evaluated by CITES nor the IUCN. Since 1990, Center of Ichthyology in the Zapata Swamp has been dedicated to the ex situ reproduction of the gar. Eighty percent of the Center’s production is for commercial consumption, whereas the remaining fish are released into the environment. In situ exploitation of the gar is legally forbidden.

To date, however, no in situ investigations of population dynamics of any of these endemic fishing resources have been conducted and so, no data are available upon which to base reasonable harvest rates for the subsistence of rural communities. Studies of crocodile, gar, and turtle biology have not been of a nature to allow the establishment of sustainable management strategies, nor have past efforts accommodated a participative capacity for rural settlements both in monitoring and in situ biology studies of wildlife populations.

Because of the depletion of endemic fishing resources in areas closest to human settlements (as related by local inhabitants), as well as the increasing fishing efforts with diminishing returns, the fishing radii have continued to expand up to and including the most inaccessible areas of the Hatiguanico ecosystem complex. This problem raises the following considerations: (1) How far may the fishing radii expand to guarantee survival of rural settlements? (2) To which extent do natural populations and ecosystems, in general, endure indiscriminate exploitation?

The Zapata Swamp region was damaged by Hurricane “Michelle” in November 2001. That event was followed by natural fires in this complex ecosystem during the 2002 dry season. The fires, according to official reports, have vastly altered more than 100,000 ha of well-preserved forests. The extent of all fire damages is yet to be determined.

The aquatic complex, given its large natural cisterns for water storage, turned out to be one of the ecosystems least affected by the recent stochastic events. However, underwater flora and fauna are being affected by an exotic species of cultured catfish (Clarias sp.), which was liberated by the hurricane. The omnivorous catfish has invaded the aquatic complex, taking advantage of its high reproductive potential and the low environmental resistance, the latter exacerbated by the drastic decrease of populations of crocodiles, the only predators capable of an effective control of catfish populations.

Still, the Hatiguanico ecosystem constitutes one of the most important fauna refuges in this Biosphere Reserve and, consequently, it is an area of high availability of fishing resources for the subsistence of rural populations. For these reasons, concern increases about the sustaining capacity of this biodiverse and fragile ecosystem. Since 1998, the Center for Marine Research of the University of Havana has been working together with the Government of the Zapata Swamp Municipality, as well as with local authorities of the National Park and from the Municipal Delegation of the Ministry of Science, Technology and Environment (CITMA). Collectively, we have decided to carry out, as a first stage, a study of the major indicators that could lead us to establish a strategy of sustainable management within the ecosystem complex.

II. THE PROBLEM

Problem: Illegal and unregulated exploitation of endemic fishing resources for primary consumption by rural settlements, and lack of investigations on population dynamics of these exploited resources that could provide data allowing implementation of in situ management and conservation strategies.

Potential problem: Accidental introduction of the omnivorous catfish Clarias sp.

Problem evidence: Within the harvest areas, mean size of adults, as well as populations of endemic fishing resources, have decreased both in time and space.

Hypothesis: If the population structure of each endemic fishing resource is not distinctive among biotopes nor among rivers of the river complex (both in rainy and dry seasons), then environmental selective pressures, either by natural or human-related causes, have indeed global consequences and, as such, should be managed with a unique management strategy.

Alternative hypothesis: If the population structure of each endemic fishing resource is distinctive at least between two biotopes or two rivers of the river complex (in rainy and/or dry season), then environmental selective pressures, either by natural or human-related causes, have indeed particular consequences and, as such, should be managed with a multiple management strategy.

III. OBJECTIVES
General objective: To contribute to the recovery and sustainable management of fishing resources in the Hatiguanico River Complex.

Specific objectives:

III.1-To estimate taxa population sizes both in rainy and dry seasons.

III.1.1-To establish the monitoring areas.

III.1.2-To implement the method of mark-recapture.

III.2-To elucidate taxa population structures both in rainy and dry seasons.

III.2.1-Morphometrics.

III.2.2-Age composition.

III.2.3-Sex ratio.

III.2.4-Genetic polymorphism.

III.3-To determine the feeding habits of Clarias sp. both in rainy and dry seasons.

III.3.1-Morphometrics.

III.3.2-Analysis of stomach content. 
III.4-To implement a strategy of environmental education.

III.5-To develop an Ecological Station.

III.5.1-To analyze the socio-economic evolution of rural settlements.

III.5.2-To build the Ecological Station.

III.5.3-To evaluate the possible socio-economic-environmental impact of the development of the Ecological Station.

IV. INVESTIGATION DESIGN

The Cuban working personnel will include four instructor-Professors in doctoral programs and one Professor Emeritus (as advisers in population genetics, coastal ecosystem ecology, socio-psychology, and economy of rural communities), four researchers, one Ph.D. student, two M.S. students, and four B.S. students (all in programs at the University of Havana). In addition, five B.S. students from Matanzas University and the Pedagogic Superior Institute of Matanzas province, two researchers from the Fishing Research Center of the Ministry of Fishing Industry, as well as two researchers, two specialized guides, and two M.S. students from the administration of the Zapata Swamp National Park will participate in the proposed project. Also, two researchers from Zapata Swamp Municipal Delegation of CITMA, a local family nucleus, and four experienced fishermen from rural settlements located close to the fluvial complex will be involved in the project.

The project has been reviewed and approved by all competent executive authorities, both scientific (Biological Sciences Doctoral Degree Board of Cuba, Groups of Specialists from the University of Havana, and Zapata Swamp National Park) and administrative (Zapata Swamp Municipal Government, Directives of Zapata Swamp National Park, and remaining authorities in charge of issuance of licenses and permits, such as the territorial delegations of CITMA and the Ministry of Fishing Industry) entities.

IV.1—To estimate taxa population sizes both in rainy and dry seasons.

IV.1.1-To establish the monitoring areas.

It is possible to reach our Hatiguanico River ecosystem working area from the tourist launch base of “Hato de Jicarita” (municipality Unión de Reyes, Matanzas province; Map 1). Communication among the rivers of the Hatiguanico complex will be through a nautical infrastructure established down by the project.

In each river (main treatment), the minimum area for sessile and low mobility species will be determined at every 100 m along the banks (Goldsmith and Harrison 1976). In addition, a classification will be established for sediments, with the following parameters measured at bottom level: temperature, conductance, pH, dissolved oxygen, redox potential, depth, salinity, turbidity, ammonium, nitrate, chloride, dissolved gases, environmental light, and chlorophyll. The purpose of the assays will be to establish the quantity of biotopes (secondary treatments) through statistical comparisons. In each biotope a rustic monitoring platform will be built for researchers to spend the night using camp tents. Abiotic variables will also be measured during the sampling period to determine their fluctuations between seasons (dry and rainy) and their relationships with taxa dynamics.

The river bank lines of each biotope will be divided in square sections of 1 ha, of which three will be taken as random replicas every month throughout one year. The sampling unit will consist of an observation surface coinciding with the dimensions of each biotope for Crocodylus rhombifer. For Trachemys d. decussata, it will consist of three orthogonal fish-traps of 1 m2 base area, and fish-trap entrances located at depths (heights) of 1, 2, and 3 m, respectively, and each with protected baits. For the fishes, the sampling unit will consist of five 10 m-long nylon gill nets (stretched-mesh sizes, from knot-to-knot, of 30, 45, 60, 75, and 90 mm). Observations of C. rhombifer will be taken in the interval 20:00–23:00, whereas the examination of fish-traps for turtles and nets for fishes will be during 06:00–09:00. Nets will be visited every hour.

IV.1.2-To implement the method of mark-recapture.

In ex situ hatcheries of Zapata Swamp 10 individuals of each taxa will be randomly marked, and their survival will be monitored in semi-natural conditions, with the purpose of ensuring that the marking method is independent from any opportunist disease, abnormal ethologic manifestation, and death caused by manipulation of the individuals.

In situ, observed individuals of C. rhombifer, trapped individuals of T. d. decussata, and those caught in fish-traps, will be marked with a label, following the techniques proposed for fishes by Thorsteinsson (2002). Those individuals will be examined to determine size and sex, and samples for genetic studies will be obtained. Later the individuals will be liberated in the collection areas.

Marking devices will be made of stainless steel and they will include a numeric code identifying each individual: L # # # (where L is a letter from the western alphabet), plus “PREMIO REWARD, NOTIF. EMA-PEEPE (Agricultural Municipal Company—Protector of Endangered Species, a explanatory note with inscription number), C. ZAPATA, CUBA”. This will facilitate collection of data in cases when a marked individual is harvested. Badges labels will be placed in a peripheral distal area on turtle shells and in the operculum of fishes, whereas it will consist of a ring-like device placed in the post-orbital protuberance in C. rhombifer.

The implementation of the mark-recapture technique (Pollock et al. 1990) will allow the estimation of population abundance of each taxa, beginning with provided information on births, deaths, and movement rate, using the of Jolly-Seber Method, as in Jolly (1982) and Seber (1992), and the software MARK (White and Burnham 1999).

IV.2—To elucidate taxa population structures.

IV.2.1–3-Morphometrics, Age composition, and sex ratio.
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Morphometric characterization in time and space of marked individuals, starting from the variables size, weight, plus other physical and color-pattern measures, will contribute to determining size composition of populations, to inferring the sex ratio in turtles and all fishes (since in C. rhombifer sex determination is direct, just as in the mature stage of Clarias sp.), as well as their indirect age composition, considering ex situ morphometric growth indexes. An evaluation of age composition and sex ratio values will allow the establishment of statistical comparisons among populations from (sub-) treatments and, thus, to determine if significant differences arise, the magnitude and types of population fluctuations, as well as their putative causal agents such as seasonal changes, availability of trophic and structural resources, harvesting selective pressure, among others.

IV.2.4-Genetic polymorphism.
For each biotope and season (dry and rainy), 100 blood samples will be taken from each taxon, corresponding to marked individuals (16–17 samples of each taxon per month). A portion of the samples will be used for analysis of genetic polymorphism of proteins in vertical gels of polyacrylamide (Davis 1964). For the study of enzymatic systems, the methodology proposed by Murphy et al. (1996) will be followed. The remaining part of the sample will be used to isolate and purify DNA and, consequently, to amplify, through polymerase chain reaction (PCR), fragments of the mitochondrial DNA (DNAmt) control region. Control regions will be analyzed by single chain conformational polymorphism (SSCP) or by restriction analysis (RFLP) combined with SSCP (Sunnucks et al. 2000, Dowling et al. 1996). When needed, polymorphic variants will be sequenced according to Hillis et al. (1996) to establish nucleotide changes. If no population genetic structuring is found within these endemic fishing resources using mitochondrial markers, then microsatellites will be analyzed. Microsatellites loci will be used to differentiate populations of C. rhombifer, C. acutus, and interspecies hybrids, to determine the sense of hybridization, as well as to study the genetic plasticity of recently constituted populations in Clarias sp. (Goldstein and Schlotterer 1999).

Laboratory results will be processed through the following softwares: ClustalW (Thompson et al. 1994) for sequence alignments; GENEPOP (Raymond and Rousset 1995), Genetix (Belkhir et al. 1996–2002), and Harlequin (Schneider et al. 2000) for population genetics analysis; and PHYLIP (Felsenstein 2002), MEGA (Kumar et al. 2001), and TREEVIEW (Page 1996) for phylogenetic analysis.

These procedures will allow the study of population dynamics of the taxa of concern in the Hatiguanico River Complex, through recapture of marked individuals and statistical comparisons of the expected frequencies derived from size, age, sex and genetic compositions.

IV.3—To determine the feeding habits of Clarias sp. both in rainy and dry seasons.

IV.3.1.2-Morphometrics and analysis of stomach content.
For each biotope, each size class, and season (rainy/dry), 100 catfish individuals will be captured (16–17 individuals per month). Individuals will be characterized by size and sexual maturation stage. They will be sacrificed to obtain stomach contents, which will be analyzed by frequency of occurrence, numeric and volumetric methods, according to the methodology discussed by Hyslop (1980). Once the trophic resources of the catfish’s diet are determined, it will be possible to evaluate the impact of this exotics species on the biota biota of the Hatiguanico River Complex.

IV.4—To implement a strategy of environmental education.
Members of the project will present monthly lectures on conservation and sustainable use of the environment to the rural inhabitants who make use of the natural resources of the Hatiguanico River Complex. During these lectures, research results of the on-going project will be presented by graduate students and experienced fishermen participating through their own interest in the project. In addition, presentations will be made to teachers of rural schools, including an introductory course to integral management of coastal ecosystems, following the Master’s Degree Program in Integral Management of Coastal Ecosystems developed and enacted by University of Havana and Dalhousie and Saint Mary’s universities of Canada. Once qualified, school teachers will be able to make extensive use of the bibliographical study materials to explicitly communicate to their students, and to the other rural inhabitants, the scientific and technical advances that influence changes in the environment, as well as the need for proper care and rational use of coastal resources to achieve a sustainable harmony in the interaction of society and the environment.

IV.5—To develop an Ecological Station.

IV.5.1-To analyze the socio-economic evolution of rural settlements.

The study of social-economical aspects of the region is intended to take into account the way of life of inhabitants from the first rural settlements recorded in population censuses until the most recent one, with the collection of data to include the following elements: demographic, working-educational activity, housing and agricultural production, feeding, health, recreational activities, water and energy consumption, residual treatment and involvement in development projects for the territory of Zapata Swamp.

IV.5.2-To build the Ecological Station. 

We propose building an Ecological Station that will consist of a substation plus rustic monitoring platforms built in the Hatiguanico River Complex biotopes. The substation will be located at the origin of Guareiras River and it will include a rustic cabin on piles made of fire-resistant timber and Creole tiles: The rustic cabin (12.9 x 13.9 m) will include a corridor traversing it both in length and width, with a living /dining room (7.1 x 4.0 m), two bedrooms (3.9 x 3.9 m); bathroom (2.1 x 3.5 m), kitchen (4.0 x 2.8 m), and laboratory (3.9 x 3.0 m); each room will be provided with an infrastructure to accommodate technical research, lodging, and sanitation.

The cabin will function as housing for one rural family participating both in monitoring and surveillance of investigation areas, and will also provide lodging for researchers and ecotourists. In addition, the cabin will offer logistical support for the research group and a laboratory for sample preparation and storage, with proper equipment for the accomplishment of simple laboratory techniques. The rural family will benefit from the comfort of a house not otherwise available in the area, and with a percentage of the profits provided by nature tourism. The project will benefit by guaranteed research logistics, the collaboration of experienced fishermen, protection for the station, storage and distribution of provisions, availability of first aid, and an evaluation of the behavior of a local family involved in research activities and in conservation of natural resources. All this will have direct repercussion on the way of life of the remaining community family nuclei, including the legal implementation of a surveillance system that will limit unlawful activities of poachers, thereby allowing the implementation (in the second stage of the project) of a strategy to transform local family dependence on illegal fishing into workers fully integrated into research and to sustainable development of their natural resources, which will ultimately render higher profits than those derived from unlawful activities.

 IV.5.3-To evaluate the possible socio-economic-environmental impact of the development of   the Ecological Station.

Starting with a public consultation related to project development, and with the proportioned participation of rural settlements in research, we intend to measure the repercussion of the attainment of the objectives of this proposal, as well as effects on the local inhabitants’ way of life, and also to favor any exchange of points of view and opinions about project development. All this will allow the effective conception of a strategy of sustainable management.

V. EXPECTED RESULTS
1. Establishment of biotopes to carry out monitoring studies of populations of subject taxa.

2. Estimation of population sizes and degree of connectivity among (sub-) treatments for taxa, taking into account recapture of marked individuals, as well as the season.

3. Age, sex, genetic, and morphometric characterization of in situ populations of taxa in each (sub-) treatment and season.

4. Determination of population structure of subject taxa within the Hatiguanico River Complex, taking into account the season.

5. Establishment of genetic markers to distinguish natural populations of crocodiles from interspecific hybrids.

6. Determination of the natural diet of Clarias sp. in the Hatiguanico River Complex, taking into account the season. Evaluation of its impact on indigenous biota.

7. Characterization of the way of life in rural settlements, taking into account their historic evolution.

8. Instruction and empowering of rural population in terms of biodiversity conservation and sustainable exploitation of natural resources.

9. Development of an experimental ecological station with an infrastructure to carry out permanent monitoring in the Hatiguanico River Complex.

10. Implementation of a strategy for the recovery and sustainable management of wildlife populations, including active community participation.

11. Fulfillment of educational and scientific theses for both undergraduate (Bachelor in Biological Sciences) and post-graduate (Doctorate in Biological Sciences) degrees.

12. Evaluation of the social-economic-environmental affects of the research project.

VI. PRELIMINARY ECONOMIC EVALUATION OF THE PROJECT
The establishment of an ecological station, with a viable infrastructure to be maintained after the completion of this project, will guarantee the continuity of wildlife monitoring and the theory and practice to empower local residents and educational centers. The guidance of an in situ sustainable management strategy for endemic fishing resources will allow the recovery and rational exploitation of their populations by rural communities, starting with the establishment of legal fishing quotas based on natural population recoveries and other use alternatives, such as nature tourism. All this will contribute to perpetuate the sustainable development of the territory.

VII. FUTURE PROJECTION
Independently from a strategy for sustainable development, or even of its legal implementation, we are convinced that only a direct effect on habits of rural communities will generate communal benefits and, consequently, raise the living conditions of local residents. Such a change will guarantee a sustainable use of natural resources.

We suggest the implementation of a tourism infrastructure based on the sustainable management strategy proposed above. Within the Hatiguanico River Complex, substations would be located at the source and mouth of all studied riverine systems, each one including both the dwelling and the tourist cabin. The tourist cabin would have a maximum capacity of four ecotourists. Tourist cabins would provide a better level of living in rural settlements and revenues from ecotourism would partially pay the costs of investigations. Selected local residents would be trained and qualified as ecotourism guides, and in the process would gain an appreciation of the natural values of their own region. Such local participants would be exposed to the concept of fishing being a complement to the study of population dynamics of fishing resources. In turn they would guide tourist expeditions along interpretative paths, facilitate photography, and instruct, using brochures and catalogs containing summary results derived from investigation projects in development.

In the subject area, it is possible to diminish poaching activities substantially, not only by raising the standard of living within the communities, but also by providing the means for residents to discover how dependent such a raise in purchasing power is to the recovery and preservation of natural resources. As a consequence of that education, each resident will look become a caretaker of their environment, certainly to improve their own standard of living but, in combination with other community members, to enrich the standards within their local society. Those improvements can be achieved without abandoning traditional fishing activities, with those activities based on in a sustainable yield strategy.

Another plan to improve living standards of rural settlements, we recommend evaluating a plan to establish a rural mini-factory to bottle drinkable water in the primary substation of the Guareiras River. There, water sources exist that may fit the Nestlé standards for bottled drinking water. Drinkable water sources in the Hatiguanico River Complex are limited and, within the rural settlements of “Santo Tomás” and “Vínculo,” the water supply is discontinuous and depends on transport by road. Both for rural settlements and for the Ecological Station, such a mini-bottling factory would guarantee a continuous supply of high-quality drinking water. Additionally, agricultural houses could be set up in these communities to satisfy the local demand for vegetables. All this would permit the establishment of inner commercial relationships that will perpetuate progressive development of the territory.
VIII. ACTIVITY SCHEDULE: First, Second and Third years.

	Objective
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1.1
	
	D
	C
	
	D
	C
	
	D
	C
	D
	D
	C

	D
	D
	C
	D
	DPB
	CPB
	D
	IC
	I
	D
	C
	
	D
	C
	
	D
	C
	
	D
	C
	
	DPB
	CPB
	

	1.2
	
	D
	C
	
	D
	C
	
	D
	C
	D
	D
	C

	D
	D
	C
	D
	DPB
	CPB
	D
	IC
	I
	D
	C
	
	D
	C
	
	D
	C
	
	D
	C
	
	DPB
	CPB
	

	2.1
	
	D
	C
	
	D
	C
	
	D
	C
	
	D
P
B
	C
P
B
	D
	P
	P
	D
	P
	P
	D
	IC
	I
	D
	C
	
	D
	C
	
	DPB
	CPB
	
	D
	C
	
	D
	C
	

	2.2
	
	D
	C
	
	D
	C
	
	D
	C
	
	D
P
B
	C
P
B
	D
	P
	P
	D
	P
	P
	D
	IC
	I
	D
	C
	
	D
	C
	
	DPB
	CPB
	
	D
	C
	
	D
	C
	

	2.3
	
	D
	C
	
	D
	C
	
	D
	C
	
	D
P
B
	C
P
B
	D
	P
	P
	D
	P
	P
	D
	IC
	I
	D
	C
	
	D
	C
	
	DPB
	CPB
	
	D
	C
	
	D
	C
	

	2.4
	
	D
G
	
	
	D
G
	
	
	D
G
	
	
	D
G
P
B
	
	DG
	G
	
	DG
	GP
	
	DG
	I
	
	DG
	
	
	DG
	
	
	DGPB
	
	
	DG
	
	
	DG
	
	

	3.1
	
	D
	C
	
	D
	C
	
	D
	C
	
	D
P
B
	C
P
B
	D
	P
	P
	D
	P
	P
	D
	IC
	I
	D
	C
	
	D
	C
	
	DPB
	CPB
	
	D
	C
	
	D
	C
	

	3.2
	
	D
	C
	
	D
	C
	
	D
	C
	
	D
P
B
	C
P
B
	D
	P
	P
	D
	P
	P
	D
	IC
	I
	D
	C
	
	D
	C
	
	DPB
	CPB
	
	D
	C
	
	D
	C
	

	4
	
	x
	C
	
	x
	C
	
	x
	C
	
	x
P
B
	C
P
B
	x
	P
	P
	x
	P
	P
	x
	IC
	I
	x
	C
	
	x
	C
	
	xPB
	CPB
	
	x
	C
	
	x
	C
	

	5.1
	
	D
	
	
	D
	
	
	D
	
	
	D
P
B
	
	D
	P
	
	D
	P
	
	D
	I
	
	D
	
	
	D
	
	
	DPB
	
	
	D
	
	
	D
	
	

	5.2
	
	
	C
	
	
	
	
	
	C
	
	
	
	
	
	CPB
	
	
	
	
	O
	
	
	x
	
	
	x
	
	
	x
	
	
	EA
	CPB
	
	
	I

	5.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	xPB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	xPB
	
	
	I


Legend: B, preliminary project balance; C, continuation of the activity D, data collection; E, electrical installation in substation; I, discussion of inform; G, sample processing for genetic analysis; O, obtain legal approval of licenses and permits; P, data processing –document elaboration; S, settlement of rural family in the substation; x, progression of the activity.
	Activity
	Years

	
	first
	second
	third

	Ecological Station
	Building of a rustic cabin
	
	6,000.0
	

	
	Furnishing
	Bath room furnishing [2]
	
	200.0 (400.0)
	

	
	
	Bed room furnishing [2]
	
	800.0 (1,600.0)
	

	
	
	Composed sink [2]
	
	365.0 (730.0)
	

	
	
	Covered basket [3]
	
	8.5 (25.5)
	

	
	
	Dining room furnishing
	
	400.0
	

	
	
	Litters s [3]
	
	130.0 (390.0)
	

	
	
	Living room furnishing
	
	1,000.0
	

	
	
	Provisioning
	
	600.0
	

	
	
	Rack of drawers [3]
	
	95.5 (286.5)
	

	
	
	Set of dinner-service
	
	250.0
	

	
	
	Set of kitchen-service
	
	500.0
	

	
	
	Star kitchen + gas fuel tank
	
	1,000.0
	

	
	
	Toilet case mirror (2)
	
	16.0 (32.0)
	

	
	Subtotal 1
	
	13,214.0
	

	
	Electrification + installation (photoelectric panels)
	
	24,247.4 + 650.0
	

	
	Subtotal 2
	
	24,897.4
	

	
	Equipment
	Daewoo TV 20’ with antenna + 15 m of wire
	
	297.0
	

	
	
	Freezer -20oC
	
	451.5
	

	
	
	Osterizer shaker
	
	60.0
	

	
	
	Radio communication system
	
	2,196.0
	

	
	
	Radio recorder
	
	128.0
	

	
	
	Refrigerator R10E
	
	325.0
	

	
	
	Standing electric fan 16’ [3]
	
	28.0 (84.0)
	

	
	
	Video cassette recorder VHS, 4 heads
	
	250.0
	

	
	
	Vince washing machine
	
	230.0
	

	
	Subtotal 3
	
	4,021.5
	

	
	Transport
	Boats “Almendares” [6]
	527.0 (3,162.0)
	
	

	
	
	Inboard motor launch
	5,125.9
	
	

	
	
	Pickup Truck F-350
	29,305.0
	
	

	
	Subtotal 4
	37,592.9
	
	

	Research implements
	Battery drill [3]
	150.0 (450.0)
	
	

	
	Calipers  (F59911) [3]
	148.0 (444.0)
	
	

	
	Camp tents (MSA512152) [3]
	350.0 (1,050.0)
	
	

	
	Chinese lamp 150 W (MSA51-2667-724) [3]
	125.0 (375.0)
	
	

	
	Datesonde 4a
	17,000.0
	
	

	
	Dynamometer Pesola 500 g (F6384) [3]
	51.5 (154.5)
	
	

	
	Dynamometer Pesola 10 kg (F93710)[3]
	82.0 (246.0)
	
	

	
	Electric generator 1 Kw
	600.0
	
	

	
	Fishpond [24]
	6.3 (150.0)
	
	

	
	Gil nets of nylon mono (0.35x30, 45, 50 and 75) – multifilament (0.15x16x90), nylon ends and floaters
	470.1
	
	470.1

	
	Inconel marks [12’000] and applicators [3]
	20,000
	4,033.0
	4,000.0

	
	Lantern (mini) Mag-Lite (F02367) [6]
	14.0 (84.0)
	
	

	
	Luximeter (59220-04C)
	247.6
	
	

	
	Metric measuring tape (F39379) [3]
	78.5 (235.5)
	
	

	
	Microdisection Kit (B4761) [3]
	33.2 (99.6)
	
	

	
	N2 thermostatic recipient (BIO2-c37967) [3]
	640.3 (1,920.9)
	
	

	
	Office materials
	
	500.0
	500.0

	
	Pack of 500 microtubes with screw caps 2 ml [5]
	65.0 (325.0)
	
	

	
	Pentium portable computer
	2,400.0
	
	

	
	Plastic net 30x2.05 [2]
	105.0 (210.0)
	
	

	
	Pluviometer Tru-chek (F89011)
	6.8
	
	

	
	Portable freezer (F31148) [3]
	76.9 (230.7)
	
	

	
	Reactives for molecular markers
	20,000.0
	10,000.0
	

	
	Rucksack 75l (MSA51-1902) [9]
	150.0 (1,350.0)
	
	

	
	Scale – Pesola  200 kg
	200.0
	
	

	
	Sleeping sack (MSA51-4501 M200) [9]
	90.0 (810.0)
	
	

	
	Termohygrometer  (F76255)
	40.0
	
	

	
	Voyager ‘97 binoculars (F91191) [3]
	1,350.0 (4,050.0)
	
	

	
	Subtotal 5
	73,149.7
	14,533.0
	4,970.1
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	110,742.6
	56’,665.9
	4,970.1

	Indirect expense (10%)
	11,074.3
	5,666.6
	497.0

	Total annual
	121,816.9
	62,332.5
	5,467.1

	Great Total 
	189,616.5
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