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EXECUTIVE SUMMARY 

The purpose of this report is to provide USAID/Dominican Republic and the Government 
of the Dominican Republic (GODR) with the information needed to make decisions 
concerning the allocation of its resources in the natural-resource management sector. 
This survey had three principal tasks: 

to evaluate rwral, urban, and coastal activities impacting water and coastal 
resources oationally, 

to identify and evaluate potential sites for pilot projects, thereby giving focus 
and substance to the overall evaluation, 

and to develop an Action Plan which the Mission can use to develop the 
Sustainable Growth through Natural Resource Management Project. 

This executive summary I focus on findings which support the principal 
recommendations to the Mission. 

RURAL ACTIVITIES 

Principal findings 

The main cause of environmental deterioration and degradation of water and other natural 
resources h the Dominican Rept~blic is deforestation of areas only suited for forest 
production, conservation of biological diversity, non-consumptive recreation, and water 
conservation. Extensive areas of land in the Dominican Republic have a slope of 25 
percent or greater. For this reason, studies of land-use capability have determined that 
about C6 percent of national territory should be in forests (McCaffrey, 1989). Forest 
coverage is estimated at 20 percent of total land area, down from 80 percent in 1900 
[CONATEF, 1991) Although commercial loggers are thought to be the chief cause of past 
forest conversion, regeneration of forests (particularly on steep slopes) is prevented by 
continual inappropriate use of the land by subsistence farmers, who lack alternative 
means of support. 

Key factors responsible for forest conversion -- although not studied in detail - are 
thought to be slash-and-burn agriculture and charcoal production. Loss of tropical forest 
in the Dominican Republic is now estimated a: a rate of 20,000 ha per-yea:; the area 
affected by firewood and charcoal extraction is degenerating at a rate of 60,000 ha per- 
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year. (CONATEF, 1986). If these rates of deforestation continue, natural forests will be 
substantially depleted in 10-to-25 years. 

The key impacts of deforestation on hydrological cycles and resources are (Likens ot al., 
1969; MacKinnon, 1983; and MacKinnon, et al.): 

1. a decrease in infiltration and recharge of aquifers, 
2. an increase in the volume and velocity of superficial runoff, 
3. a decrease in uniformity of stream flow (very low or no flow during dry 

periods and more frequent flooding during rains and storms). 

These changes also lead to increased instability of slopes, laminar erosion and 
sedimentation of streams and rivers. n z s e  impacts have cascading and synergistic 
impacts on ecological and ec~nomical environments, including increased sedimentation 
rates for dams and irrigation infrastructure and destruction of coral reefs and sea- grass 
lands. 

Principal Recommendation 

1) Select a pilot watershed as a demonstration site for activities leading to 
environmental restoration and sustainable development. The evaluation team 
recommended the sub-watershed upstream of the Sabana vsqua Reservoir. The 
other reservoir considered high priority by the team was the Rio Nizao. The 
selected watershed should be studied as part of the project feasibility and design 
cycle in order to more clearly define both the physical and institutional 
environment, as well as the nature and objectives of the intended project. The 
team further recommends that the project design use the FIREN,A model and that 
the institutional structure for implementation use as a model the organization in San 
Jose de Ocsa. A better legal framework for project implementation should be . pronroted. 

URBAN ACTIVITIES 

Principal Findings 

The urban population in the Dominican Republic has almost quadrupled since 1955, 
growing at a rate much faster thafi the prcrb,,:~n of adequate services and infrastructure. 
Most of the growth and urban problems are focused in the capital city of Santo Domingo. 
The development of Free Trade Zones (FIZ) and tourism has been spectacular. Santo 

TR&D. Inc. 
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Dorningo comprises around 25 percent of the total population of the country (Gonzales, 
et 21. 1991). 

Water pollutioii in the Ozama and lsabela rivers from urban sources is rnc;f:t significant 
in the napitzl. h\itliough some 40 percent of the city's land area is reportedly connected 
to a sewerage systen-1, tho systsm serves only a minority of the population. Treatment 
plants and pumping stations work only intermittently. At most, two percent of Santo 
Llomingo's waste water is. treated. Exacerbating this problem is discharge of largely 
untreated, industria! waste into either the drainage-and-sewage syc;tem of CASSD or 
directly into the Ozama and lsabela rivers or into the ocean ( ~ o n z a l ~ z  et al., 1991). I 
Although sewage and industrial pollution represent a significant problc 
risk to more people may stem from uncollected sclid waste and ni 
disposed of in illegal, unsanitary dumps. In 1990, Santo Corningo's 
an estimated 1,230 metric tons of solid waste per-day - close to on 
year (estimated by source). Most of the city's waste is never colle 
into low-lying areas, where toxic, sewage-contaminated liquids 
and, when daily cuts of electricity cause loss of pressure, 
system. Disease vectors and rodents also proliferate in thesa hu 
environments (80 percent of the wastes are \ hought to be organ 
landfill are the two principal bottlenecks in th 3 solid ,waste-dispo 

hfatsr contaminated in th~s manner is probzbly the main vector 
as cholera, typhoid, paratyphoid, gastroenteritis, giardiasis, amoebic dysentery and 
1iepatit,s are spread. The most cost-effective solutions and the solut!ons most likely to 
be maintained are the simple, rion conventio~~al ones -- pit latrines, compostiny toilets, 
composting of organic waste arid garbage colltction by small, private enterprises or PVOs 
with push carts to collection points. 

Principal Recommendation: . 
Assist in the creation of private-enterprise collr~ction of garbage from areas not served. 
Also, provide technical assistance and training for implementation of a composting system 
that renders organic waste and night soil safe for recycling in the soil. 
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COASTAL ACTIVITIES 

Principal findings 

Activities having the greatest impact upon the coastal zoces are upland deforestation, 
development cf irrigation schemes and urbanization. The most damaging activity is 
deforestation. 

Deforestation alters the volume and timing of freshwater inflows to marine systems, greatly 
diminishing the flow in dry seasons and increasing the likelihood of floods during 
precipitation events. The more uriiform flow rates to which mosr marine and aquatic 
systems are adapted maintain certain salinity levels and a steady location for the 
saltwater-freshwater interface and also provide continual flushirqrg of salts in mangrove and 
other coastal-wgiland system. Alterations in flow rates can destroy marine communities. 
Diversion of water for agricultural irrigation - the largest user of water -- can aggravate 
this problem. Increased erosion and flooding, caused by deforest~lion, can cover with 
sediments marine communities that depend upon clear water, thereby destroying the 
community. Sea-grass beds and coral reefs are two such communities threatened in this 
manner. 

The team's Decernber flyover revealed essentially no flow in the Ocoa, Nizao, and Yaque 
del Norte rivers. This lack wqs most likely due to a combination of poor rainfall and the 
diversion of water for irrigation. Lowered freshwater flushing of mangrove soils was likely 
responsible for die-off of about 20-30 hectares noted at the mouth of the Yaque del Norte 
River. Coral formation and growth have beeo cut short where turbidity has increased 
near discharging rivers, particularly along the south and southwest coast and along the 
north coast at Rio Yeguada, near Miches, Rio San Juan and Rio Sasica. At sever!:: 
locations along the east and north coast, where the larger watersheds discharge -- Bahia 
de Yuna, Rio La Yeguada at Miches, Bahia de la Jina, Rio Yabon near Sabana de la Mar, 
Rio Yuna and Rio Nigua -- turbidity problems affect sea grasses. 

Increasing and potentially unsustainable demand for coastal resources, particularly fishery 
resources, is the second most important issue in the coastal zone. Tourism developr~ent 
in particular incrdases demand for fishery resources, potable water, land and even 
obscure resources, such as palm fronds and coral reef curios. In an island community 
of 7.5 million people, a tourist-population increase of even approximately 1.5 million 
people per-year (1990 estimate) represents a significant impact. Each tourist consumes 
nearly five times the resources of a local citizen (Brown, 1991). Between 9 7 0  and 1990, 
numbers af hotel beds increased from 1,305 to 20,000. Growth in tourism has slowed, but 
has not sapped. The potential for over-exploitation of coastal resources is great. 
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Hartshorn et al. (1981) estimated the total, sustainable yield of marine fisheries at about 
10,500 metric-tons-per-year. ~ a t a  provided by the Dominican Republic Departrriant of 
Fisheries shows the total 1988 catch to be zbout 19,000 metric tons, and sources believe 
the actual catch to be higher. Lack of trend data on catch-per-unit-effort and per-species 
prevent fuflher commentary. 

The third critical issue in the coastal zone is "multi-use" conflicts stemming from coastal 
zone development. For example, in the area of the Bahia de Ocoa and Bahia las 
Calderas, myriad types of resource development and use are changing the ecolog;ml 
character of these sms!l bays and affecting the artisanal fisheries there. These act'vities; 
include development of (vacation) second-homes, a large salt operation, irrigation arid 
agriculture, as well as timber cutting for ct~arcoal in the dry forests, increased fishing 
pressure from an estimated 100 boats, off-loadin& of LP gas at a reception terminal and 
the potential development by the government of a shipyard. The conch fishery is thought 

I to be nearly depleted. 

The Samana Bay is the most important sanctuary for humpback whales in the North 
Atlantic. It also has one of the most important marine nurseries (shrimp, oysters and fish) 
in the Caribbean and the largest extension ,JT mangroves in the Dominican Republic. 
Nevertheless, tourism developn~ent is growing. Development of irrigated agriculture along 
the Yuna and the use of agro-chemicals is thought to have had negative impacts on the 
fishery. The mangroves are being cut for charcoal, and interest in conducting oil 
exploration and drilling in the .Bay has begun. 

Princi~le Recommendations: 

1) Given that one of the most important aspects of good coastal-zone management 
is watershed management, the irr~plementation of an exemplary watershed 
management project is critical. (See first recommendation) 

2) Study the potential over-fishing problem and institutional hindrances to better . 
fishery management. In particular, support a basic, fishery-research program and 
a program to monitor catch by species and area. 

3) Select a site(s) (from Monte Cristi, Samana Bay and Bahia de Ocoa) to conduct 
a pilot coastal-zone management project. Before project implementation, a more 
thorough and holistic study should be done of the site(s) selected. A systems 
study and/or a GIs approach (giving spatial data that can LEI overlaid to highlight 
conflicts) is recommended. 

TR&D. Inc. 
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ACTION PLAN 

This action plan will elaborate upon the four prir~cipal recommendations and actions 
considered most important by the pt~jije~t team. It will then summarize the remaining 
actions and recommendations generzted by the team's :zurvey. r. 

Step 1: Select a pilot watershed as a demonstration site for activities that should lead to 
environmental restorati~ii and sustainable development. The area recommended by the 
team is the sub-watershed, upstream of the Sabana Yegua reservoir. 

The other watershed considered a high priority by the tearn was the Nizao river. Because - 

three economically and financially important dams are located on this river (already 
existing or under cor,struction), this watershed is beginning to receive international 
attention. The three sub-basins contributing to the Saba~ia reservoir, hcdever, receives - - 
no international assistance, nor are they included in any Mure plans. 

Step 2: The selected watersllsd should be studied as pi~rt of a project pre-feasibility or 
feasibility development effort. This study should more clearly define the geographical 
boundaries of the site(s), !he bio-physical, socioeconomic and institutional environment - - 

and the nature and objectives of the project (which could be a component of the 
SGTNRM projec?). Basic studies already carried out on the sub-basins of Las Cuevas 
and Corade or Del Medio through the terminated MARENA project could provide the base - 
from which analyses could be initiated. 

Project feasibility and development studies should include regular meetings with project 
beneficiaries to include their ocinions in the project design., These meetings should be 
conducted by some private sectgr PVO\NGO, such as PRONATURA or the San Jose de 
Ocoa organization. 

Step 3: As regards project design, the project team recommends that the institutional 
structure for project implementation bc modeled after that used by the organization in San 
Jose de Ocoa. If the Sabana Yegua reservoir is selected, the disbanded Junta Padre de 
las Cuevas could be resurrected though the organization would require further institutional 
development assistance and would need to be coordinated \with on-going G i Z  efforts. 
If a sub-watershed in the Nizao River is chosen, the Mission should explore the feasibility 
of giving the San Jose de Ocoa organization responsibility for implementation. 

TR&D. Inc. 
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An integral part of project design for SG1'NRM should be the FIRENA project model, in 
which usufruct rights to irrigation and flatter, better agricultural lands are given t3 local 
populations, who are practicing slash-and-bum agricutture and charcoal productiot r in the 
unstable slopes of the watershed. The project design ensures that every member of the 
community has a stake in maintaining the watershed. This design best assures access 
to water, upon which access to land is dependent. 

The project design should include a technical assistance (TA) and an environmental- 
education component. TA could be provided through project funds or could draw upon 
existing USAlD IPM and On-Farm Water Management projects. TA should be used to 
encourage the use of indigenous species for reforestation artd to protect or restore 
riparian vegetation. TA could also introduce community-based problem-analysis and 
problem-solving methodologies designed to target illiterate audiences. 

Step 4: USAlD would be able to use leverage engendered by this project (through such 
mechanisms as conditionalrty or coveri&~ts) to promote a legal and policy environment 
which would favor this project and sustainable development activities in general. Policy 
dialogue would center upon three primary areas: 1) comprehensive legislation requiring 
integrated management of watersheds with attendant budget allocations to assure 
effective implementation (a thorough economic cost\benefit analysis would be beneficial); 
2) legislation to support regional, community organizations, which would require a 
devolution of revenue-generating abilities; and 3) legislation modifying near-total restriction 
on the use of forest resources. This process has started, but needs to be encouraged. 
SONATEF, which has taken the lead in the effort to revise forestry la.?gislation, could be 
contacted to c~nduct further studies in this area for the Mission. 

RECOMMENDATION\ACTION #2: URBAN 

STEP 1: As part of the project-design process, the Mission should conduct a more 
thorough investigation of the nature, magnitude and impacts of the garbage and human- 
Waste disposal problem in the slums of Santo Domingo. This study sh~uld attempt to 
define the boundaries of a potential urban project (or component of SGTNRM), based 
up'n 6 2ascription of the physical, socioeconomic and institutional environments found 
within the barrios, a8 WC!! as to define the purpose and objectives of the project. In 
addition, project beneiiei?rIas should be included in the project-design process in order 
to increas8 the possibility of project success. 

STEP 2: The Mission should seek to encourage the establishment of private-sector, 
garbage-removal industry. Enterprises within this sector would use push-carts or another 
appropriate conveyance to collect garbage and night soil in those areas of the city which 
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are inaccessible to garbage trucks and not currently served. The entrepreneurs would 
take refuse to collection points, where municipal trucks have access. 

Since garbage and human-waste disposal is also a problem in the Dominican Republic, 
the feasibility of cornposting the waste should be explored. If cornposting is found to be 
feasible, the project would contain an extensive TA component responsible for training 
CAYUDAMIENTO personnel in the management of large-scale composting programs. 

Since an estimated 80 percent of the country's solid waste is organic matter, the Beltsville 
Aerated Rapid Composting system (BARC), which converts waste into night sail, is 
recommended as an easy, inexpensive (in terms of initial outlay and recurrent costs), 
effective and odorless choice (Shuval et at., 1981). 

Two essential questions need to be answered by the feasibility study. The first is 
technical; what is the acti~al composition of Santo Domingots garbage? The second 
would address the fundamental question of funding - how to provide start-up funds 
(grants) to establish a privats-sector, garbage-collection industry without cr0atir.g 
dependence upon project funds for continuing operation. Strategies to be considered 
include payment from the city to entrapreneurs, collection of rents for services and off- 
setting costs through the sale of recycled goods or compost. 

Since the most important aspect of good coastal-zone management -- good watershed 
management - has been addressed above, the following two i-ecommendations will 
address the second and third most important environmental threats necessitating action: 
increased and potentially unsustainable demand for coastal resources (particularly 
fisheries) and "multi-usen conflict in the development of the coastal zone. 

Step 1: As part of the project-design cycle, conduct a thorough investigation of the 
nature, magnitude and impacts of the potential over-fishing problem. Attention should be 
given to institutional arranQements which hinder sustainable fisheries management. And 
the need to improve monitoring and enforcement of regulations deserves special 
attention. Once again, project beneficiaries should be included in the project-design 
process. 

In response to a serious paucity of reliable data, the project should stress the need to 
collect data necessary for botter p!annEng, marragement and enforcement. The 
development of a basic, fishery-research program and a program to monitor catch by 
species and area is essential. ClB~lflA. would be the most appropriate agency to 
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implement to efforts outlined abova. G R  is already conducting a similar project, so new 
efforts should be coordinated. The utilrty of funding the establishment of a marine 
research station in support of this effort should %a investigated. The Departme~t of 
Fisheries may be the appropriate agency to administer\coordinate a monitoring program. 

Step 1: To assist in the final selection of a site(s) for a pilot coastal zone management 
project, support a preliminary study, consisting of a more thorough compilation and 
analysis of existing date and on-ground research. The team recommends the following 
sites for further investigation: 

a. Monte Cristi and the Northwest coastline, particularly around Buen Hombre, 
from Punta Buen to Bahia de Icaquitos (where the last vestiges of relatively 
intact beach and dune systems are thought to remain); 

b. Samana Bay, particularly at Rio Una, where the largest single stand of 
mangrove (7,783 ha) stands; and 

c. the Bahia be Ocoa, under greater pressure from multiple uses, is the most 
likely location for a marine lab and may represent a good opportunity for 
planned intervention. 

The team recommends that the study use as a starting point, the same criteria used in 
this study, but go into greater depth with each point - hydrological characteristics, 
biological characteristics, socioeconomic importance, status, activities, role of change, 
impacts, costs of trends and productivity. 

Step 2: As part of project preparation, or as a separate study or a project component, 
a more thorough and holistic study should be conducted of the site(s) selected. The 
team recommends either a systems approach or a study using GIs, such as the GIs 
system developed by James Dobbins and Associates, Inc. (coastal zone planners) or a 
tombination of approaches. In either case, the study should develop an understanding 
of the bio-physical environment, the human activities and their interactions (including their 
spatial locations) sufficient to indicate appropriate coastal-zone management and to guide 
development of general coastal policy. The need for institutional collaboration for coastal 
zone management should be examined as well. 

Step 3: Using the information developed in the above study, implement a pilot coastal- 
zone management project(s) at the selected site(s). Another component of the project 
would be study of ttie need to strengthen laws, policies and the role of government 
agencies and NGOs. 
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ADDITIONAL RECOMMENDATIONS 

Recommendation 1: Sponsor a PVO/NGO to develop a national data bank of pollution 
lev2Js, problems and impacts. 

Recommendation 2: Fund a pilot project(s) for the construction of wetlands to capture 
of storrnwater runoff and waste water (could include sewage waste) recycling. 

Recommendation 3: In conjunction with INDRHI, support development ota model, water- 
use plan for either the Rio Yuna, Yaque del Norte, or the Rio Ocoa (unless the 
OAS/INDRHI effort to conduct a national inventory and pls:ining exercise is funded). 

Recommendation 4: Fund through an organization such as PRONATURA or ClBlMA or 
perhaps a consortiurri to conduct a natural-resources inventory of the coastal zone. 

Recommendation 5: Follow-up on the recommendations of earlier reports (e.g., Cobb et 
al. 1991) concerning the development of fuelwaod plantations and alternative sources of 
fuel, such as briquettes mada from waste vegetative matter. 
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1.0 INTRODUCTION 

1.1 Backaround and Cont~cj 

USAlD Dominican Republic recognizes the importance of protection and raiional 
management of environmental resources, particularly water rssources, in an island nation 
such as the Dotninican Republic. Deforestation, unsustainable farming on steep slopes, 
rapid urbanization, untreated indiastrial disch~~rges, poorly regulated tourism development, 
heavy pesticide usage, overgrazing, and uncontrolled sewage discharges into aquifers 
and surface water are among the urban, rural, and coastal activities degrading the quality 
of water systems in the Domifiican Republic. Degradation of these water systems, in turn, 
sets into motion a series of successive actions and impacts with hydrologic, emiogic- 
biologic, and socioeconomic implications. The timing and rnbfi~ler in which these 
problems are addressed, or not addressed, may influence economic growth capacity, 

- quality of life, and social equity in the Dominican Republic for decades to come. 
- 

A major strategic objective of the 1992-98 CDSS is to "reduce legislative, regulatory and 
institutional impediments to rational management of natural resources by public and 
private sectors to assure long-term sustainability". The CDSS also describes water and 
watershed management, as well as coastal zones, as among the Mission's four greatest 
areas of environrr;ental concern. 

The Office of Agriculture and Natural Resources is to be combined with the Private 
Enterprise Office, with basic compatibilities to be sought in the two activities. It is also a 
time of cansolidatiaai of the project portfolio and reduction in available resources. The - Enterprise for the Americas Initiative (EAI) could help offset the reduction in resources, 
however, much difficult work remains to be done before the Dominican Republic can 
qualify to obtain funds under the debt reduction provisions of the EAI. 

With this context in mind, this inclusive study of water resources is intended to assist the 
USAlD Mission in determining its environmental priorities and next steps. It follows on an - 

ovewiew comrnissioner~ by A.I.D., Mice of Housing and Urbzn Programs, of urban 
environmental issues in the Dominican Republic (Cobb, et al., 1991), which also 
developed a set of recommendations for USAID and the Mission. This study is designed 
to provide information to facilitate project preparation studies and activities scheduled to 
begin in the Spring of 1992 for a USAID,funded "Sustained Grawth through Natural 
Resource Management" project. 
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1.2 Obiectives and Tasks of the Study 

The purpose of this assessment was to assist the Mission in establishing its environmental 
priorities; what should be done, who should do it, where, and why. It is also to provide 
a broad, but sufficiently detailed, pictura of national environmental (particularly water 
resource) pro3lems in the Dominican Republic. 

Secondary objectives of the assessment are: 

Provide preliminary information which will facilitate the development of a new 
project, Sustsined Growth through Natural Resources Management, that will 
institute p~ l icy  and institutional reforms and implement model environmental 
management programs for select watersheds and coastal zones. 

Advance the CDSS (Fiscal Years (FY) 1992-1996) goal to initiate a systematic 
information gathering effort on the causes and consequences of environmental 
degradation in the Dominican Republic; and the emphasis of the two areas of . . . 
greatest concern in the Action Plan: management of watersheds and coastal 
zones. 

Provide information to stimulate and justify action on the part of GODR decision 
makers, and to provide the basis for environmental education, public awareness 
campaigns, strategic planning, and the development and coordination of 
government and private sector policies and programs. 

• Develop and test a methodology of ecological risk assessment that may facilitate 
long-term planning and policy development and that may be applicable in other 
developing country contexts. 

In parlicular, the study was to conduct the following tasks: 
- 

Provide basic data on the natural resource base, with water resources as the 
central theme, and data on other resources only as they relate to water resources, 
e.g. watersheds, and coastal zones. 

Provide basic data on population growth and socioeconomic trends. 

o Provide basic data on the nature and magnitude (as available) of rural and urban 
activities impacting water-related resources, and the nature and magnitude/costs 
(as feasible) of impacts. 

TR&D. Inc. - 
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Assess and prioritize resources at risk and the key threats, and give technical and 
policy recommendations. 

o Assess the state of the data, and identify data and data analysis needs. 

Provide basic data on tha national, water-resource related activities of other 
international aid agencies such as water resource supply or contamination studies, 
water supply, watershed management, reforestation or park protection in 
watersheds, coastal zone management, tourism sector, and water pollution control. 

• Provide a menu of site options for pilot projects in watershed management and 
coastal zone management, with basic data on resources and issues, and pros ancl 
cons. 

Formulate criteria for the final selection of pilot project sites, prioritize sites 
according to these criteria, and recommend and justrfy a minimum of two sites. 

Provide basic data on non-governmental organizations (NGQs) involved in 
environment, natural resource mznagement, or community development which 
may be involved in the implementation of pilot projects; preiiminary 
recommendations for the types of potential implementing agencies or the 
i~stitutional framework. 

Recommend next steps, i.e. provide an action plan. 

1.3 Relationship to Mission Goals and Policv Framework 

The work of the study, particularly the formulation of recommendations and an action 
plan, took into consideration the goals of the CDSS work plan. The goals of particular 
pertinence include the following: 

to strengthen the linkages of Dominican organizations with U.S. groups by hnding 
joint U.S.-Dominican PVO activity, 

to initiate a systematic information gathering effort on the causes and 
consequences af environmental degradation in the Dominican Republic, 

to authorize the Sustained Growth Through Natural Resource Management Project, 
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a and to assist PVO efforts to persuade the GODR to change current forestry 
policies and to overhaul and strengthen forestry legislation. 

The recommendations are also consistent with the strategic goals and action plan 
objectives outlined in the Mission Action Plan for 1991-1992 (Cobb, 1991). 

The Mission believes that the presence of the following policies or factors are key to 
achieving these goals and objectives: 

the participation of private organizations in the management and control of national 
parks, coastal zones, watersheds and similar resources of concern, 

a local autonomy and democratic decision making, and 

a macro-economic environment that enables the creation and growth of 
economically viable activities, particularly private investment and exports, which are 
simultaneously consistent with the sustained and rational use of natural ressurcm. 
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2.i) LEGISLATIVE AND INSTITUTIONAL STRUCTURE AFFECT1 NG WATER AND 
COASTAL RESOURCES 

2.1 Analvsis of lnstilutional Framework 

As a general rule, the legal framework needs consolidation, updating, and strengthening. 
This particularly includes the legal framework concerning forestry and forest protection. 
The recent initiative, Law 290 of 1985 is attempting to consolidate forestry laws and 
correct probletns wnstraining private initiative (CONATEF, 1991). It is too early in the 
process of the attempted revision of forestry laws to make meaningful observations, 
although ca:e should be taken to ensure that the new law will achieve the objectives 
intended, and that it will not favor only private interests with the financial resources to take 
advantage of new economic incentives (McCaffrey, personal communication). The new 
forestry law, or a separate law, may also address the many issues of watershed 
protection and mamgement in a more comprehensive fashion. No large water 
develcpment project should be without a watershed component. 

A comprehensive law concerning water resources should be developed; the legislation 
drafted as part of the GTZ/INDRHI water project may be a good beginning. Similarly, 
laws (standards and policies) concerning water pollution need consolidation ccrnd 
strengthening. In the final analysis, however, even when good laws exist, institutions do 
not have the resources to enforce them. 

In general, public sector institutions suffer from the following constraints: 1) lack of 
continuity (and occasionally lack of technical competence) of agency leadership due to 
the system of placing political appointees in leadership positions, 2) large and 
underutilized staffs with a large proportion of agency budgets going for salaries, 3) s 
critical lack of resources and funds to actually implement activities and projects, 4) when 
funds are available, an emphasis is put on capital outlays to the detriment of maintenance 
of existing structures or programs, 5) a shortage of trained and technically cornpatent 
personnel within the agency, 6) critically low (non-competitive) salaries for trained 
technicians, 6) unclear or overlapping functions with other agencies, 7) lack of 
mechanisms for coordination both within and among agencies, and 8) a sense that 
planning is futile at decision making is highly centralized (compilation of personal 
communication from agency interviews and Lopez et al. 1991). 

Although initiatives that have emphasized local autonomy, private enterprise, and use of 
the private sector have generally been more efficient and successful, the public sector 
should not be ignored. Certain roles can only be filled by a strong pubiic sector, such 
as the setting and enforcement of policy. The public sector should be strengthened, but 
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- - also restricted to those functions which cannot be fulfilled by private concerns. The 
- structural adjustment agreement wrth the IMF (concerning reductions in the pilblic sector, 

and the raising of salaries to be competitive with the private sector) should be 
implemented. 

As pollution control, particularly in the Santo Domingo area, is of great interest now, 
observatio~~s of the current system and standards include the followiny: 1) standards do 
not take into account natural quality variability of various river systems, or variable end 
uses; 2) standards do not attempt to make compatible effluent and water quality 
standards; 3) state owned irldustries may be responsible for the majority- of pollution in 

- certain areas, and clean-up of only private concerns does not solve the water quality 
problem; 4) six months may be an unreasonable time period to require companies to 
evaluate the best alternatives to pollution contr~l, order, import (if necessary) and install 
equipment, 5) in certain cases, the installation of ond-of-pipe pollution control equipment 
may not be the best approach to pollution control (e.g., changes in process design, plant 
management, or resource recovery may be more appropriate in certain cases), 6) 
invo1vemer.l of government agency personnei entrusted with enforcement of pollution 
standards in the installation of pollution control equipment may represent a conflict of 
interest, and 7) the current legal division of responsibilities for pollution control is not clear. 

- 

2.2 Leqislation Protectina and Manaclinq - Water Resources 

- 
2.2.1 Legislation Regulating Water Use and Management 

- 

The first modern Dominican legislation regulating potable water supplies was the Public 
Health Code, Law No. 4471 of 1956, which gave the Secretary of State of Public Health 
(SESPAS) control over potable water supplies. This law also gave SESPAS responsibility 
for determining the potability of water supplies using international starrdards, and declared 
that water sources for population centers should be secured with protection zones. This 
law established that any public or private work (construction, repair, or modification) that 
had any relation to water supply or waste disposal had to have prior approval of SESPAS, 
which had to prepare a report for each special case (Castillo, n.d.). 

The second law concerning water sources was Law No. 5994 sf 1962 which created the 
- National Institute of Potable Water and Sewerage (INAPA). This law gave INAPA primary 

responsibility for the formulation of plans for water supply systems and for the disposal 
- of liquid wastes in both rural and urban areas. It also gave INAPA responsibility for the 

execution of water supply and waste disposal plans and programs, and the right to 
establish tariffs to finance potable water supply and sewerage works. This law 

- 

established that water supply for human consumption had the highest priority over other 
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water uses. Law No. 8956 of '1963 elaborared upon Law No. 5994 with specific rules 
and gave INAPA responsibility to promote the reforestation of watersheds to protect 
potable water sources (Cz\stillo, n.d.). 

Law No. 6 of 1965 created the Natjocal Institute of Water Resources (INDRHI) which was 
charged to organize, direct, and regulate the exploitation of water supplies in cooperation 
with the Corporation of Industrial Promotion, the Dominican Electrical Corporation, and 
INAPA (Castillo, n.d.). 

Law No. 487 of 1968 declared that exploitation of groundwater for domestic uses had 
priority over exploitation of this source for industrial or agricultural (irrigation) use (Castillo, 
n.d.). 

Law No. 498 of 1973 created the Corporation of Water Supply and Sewerage of Santo 
Domingo (CAASD), restricting thoreby the ju~isdiction of INAPA. Through this law, 
responsibility for planning and implementing water supply and waste disposal programs 
for the city of Santo Domingo and areas of influence passed from INAPA to CAASD. It 
also stated that any water supply or liquid waste disposal installations constructed either 
privately or by the government in Santo Domingo would become the property of CAASD. 
Law No. 582 of 1977 created a similar corporation with similar functions for the city of 
Santiago, Corporation for Water Supply and Sewerage for Santiago (CORASAN) (Castillo, 
n.d.). 

2.2.2 Legislation Regulating Water Pollution 

The public health code mentioned previously, Law No. 4471 of 1956, prohibits the direct 
or indirect disposal of waste waters that might injure the health of humans or animals into 
ricers, lakes, or other water courses that serve or may serve as a source of potable water 
supply for domestic, agricultural, industrial, or recreational use unless the national sanitary 
authority SESPAS expressly authorizes it, or previous treatment has rendered them 
Innocuous. If infractions are discovered upon inspections, the sanitary authority can order 
the correction of the problem; and if it is not corrected in a.reasonable time? can 
commission the construction or repair of works to be charged to the proprietor (Castillo, 
n.d.). 

Law Ms. 5914 of 1962, or the fishery law, prohibits the arbitrary atteri2tion of waters 
courses with industrial residues, or the dumping in waters of materials or substances 
noxious to fish populations, thereby obligating the owners of industrial installations to 
install the devices necessary to annul dangers to fishery resources. This law also 
prohibits the abandonment of fishery products or wastes in beaches, riverbanks, and in 
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special use zones established by the Secretary of State of Agriculture (SEA). This law 
gives responsibility for fishery resources to the Depxtment of Fishery Resources in the 
Secretary of Agriculture (DRPISFA) (Castillo, n.d.). 

Law No. 585% of 1962, concerning the ownership of terrestrial waters and the distribution 
of public waters, directs INORHI to investigate whenever it is silspected that an industrial 
establishment is releasing into waters substances noxious to health, vegetation, or fish 
populations; and if the risk is found to be real, to suspend wcrrk until the owners adopt 
remedial measures. If the owner has not adopted remedial measures within six months, 
t.'~tj law states that the industry should be ordered closed. In cases where the industry 
t!as been granted water use cancessions, this concession sb~ l l  be considered expired 
without the right of indemnization at which time the water acquires properties noxious to 
health, vegetation, or fish populations. The expenses of the investigation shall be paid 
by the person who lodged the compla.int in the case where the results prove the 
ccmplaint unfounded, and by the owner of the establishment, in the contrary case 
(Casiillo, n.d.). 

The Dominican Republic has passed a law, Law No. 218 of 1984, indirectly protecting 
water supplies by prohibiting the importation of substances that are able to contaminate 
or degrade the environment and endanger the health of irahabitants, such as human 
excrement, animal wastes and their derivatives, and pharmacological products and 
pesticides that have been prohibited or discontinued in their country of origin (Castillo, 
n.d.). 

Decree No. 226 of 1990 created the National Commission of Ecological Sanitation, 
whose fundamental purpose is the control of contamination of rivers from industrial 
effluents. 

2.3 Leaislation Reauiatina Related Resource Use 
b 

2.3.1 Forestry Legislation 

There are currently four basic laws and one decree governing forestry new in the 
Dominican Republic. Law No. 5856 of 1962 created the General Directorate of Forests 
(DGF), defined its role in national forest management, and regulated all forestry activities, 
including conservation, utilization, management, and transportation. Law 21 1 was passed 
in 1967 to check tne deforestation of the country's pine forests, which closed all operating 
szwmills, prohibited further harvesting of trees, and taxed imported wood, all of which 
eliminated incentives to plant trees (Reynoso, et al., 1988). 

TR&D. Inc. 
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An attempt was made Po correct this situation with the passage in 1982 of Law No. 705 
which established the National Technical Forestry Corrlmission (CONATEF). They wera 
charged to develop national forest policies and promote development of the forestry 
sector through providing an opportunity for renewed forest harvesting with the acceptance 
(by CONATEF) of forest management plans. Law 290 of 1985 (amended in 1988) 
attempted to further establish incentives for the forestry sector through granting various 
types of tax exemptions. Decree No. 25 (1987) required CONAEF to restrict charcoal 
production to demarcated and designated commercial firewood and charcoal zones. The 
net effect of these laws has been to effectively render all cutting of trees illegal, except in 
areas with accepted forost management plans and in designated charcoal areas with strict 
permitting (Reynoso, el  al., 1988). 

A new effort is underway, spear-headed by CONATEF, to compile and revise the forestry 
legislatioi~ in order to correct some of the weatmesses of the current framework. A basic 
outline of the new framework has been 'developed and is beginning to undergo public 
exposure and discussion (CONATEF, 1991). 

2.3.2 National Park Lzgislation 

Law No. 67 of 1974 created the Directorate of National Parks (DNP), an autonomous 
institution responsible for developing, managing, regulating and protecting a system of 
parks and reserves to preserve and perpetuate the courrtry's natural and human heritage. 
The law requires that these areas possess national importance because of their scientific, 
cultural, scenic, historical, prehistoric, archeological and/or indigenous value, or have ti 
great potential to furnish open-air recreational opportunities to a large number of visitors 
(Reynoso, et al., 1988). 

2.3.3 Legislation for Coastal Areas and Marine Resources 

Law No. 3342 of 1952 first defined the country's territorial waters, establishing a territorial 
limit of three nautical miles from the coast. The Navy (MGD) has the power to control any 
water and coastal activity up to 500 meters from the maximum high tide according to haw 
3003 (Reynoso, et al., 1988). 

L m  No. 5914 of 1962 first attempted to regulate fishing, assigning responsibility to the 
Department of Fishery Resources (DRP/SEA). Decree No. 303 of 1987 specifically 
protects mangrove areas, but considers them forests and empowers their management 
to the DGF and the Wildlife Division of the SEA. Several other decrees and resolutions 
regulate fishing seasons and establish control over other activities that effect coastlines 
and fisheries such as export licenses and grant permits to construct structures in coastal 
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zones. Construction permits are to require environmental impact assessments for all 
coastal rlevelopment projects, however compliance with this requirement is frequently 
nominal or circumvented altogether (Reynoso, et al., 1988). 

2.4 Government Institutions Res~ansible for the Protection and Manaaement of 
Water Resources 

2.4.1 Agencies Responsible for Water Resources 

a. The Secretary of State of Public Health and Socia! Assistance (SESPAS) 
is charged with the application of the Public Health Code (Law No. 4471), and as such 
is legally responsible for setting drinking water standards and monitoring compliance with 
these standards. SESFAS play3 an important role in water supply and sewage disposal 
programs in fringe urban areas and small rural communities, and presides over the 
Administrative Counsel of INAPA (Repljblica Dorninicana, 1991). 

b. The National Institute of Potable Water and Sewerage (INAPA) is an 
autonomous ir?atitution of the state principally responsible for water supply and sewerage 
as per Law No. 5994. Their fundamental role is the study, design, planning, coordination, 
construction, supervision, administration, commercialization, operation, and maintenance 
of water supply, treatment, and I;ewage and stormwater disposal services in urban and 
rural areas. Except for Santo Domingo, Santiago and surrcunding areas of influence, the 
entire country is under INAPA's jurisdiction (Repdblica Dt::~inicana, 1991). 

c. The Corporation of Aqueducts and Sewerage of Santo Domingo (CAASU) 
is an autonomous state organization created by Law No. 498 in 1973, analogous to 
INAPA and with the same functions, i.e. the construction, administration, operation, and 
maintenance of water supply and sewerage systems. The jurisdiction of CAASD, 
however, is solely the city of Santo Domingo and various populations in its area of 
influence (Repljblica Dominicana, 1991). 

d. The Corporation of Aqueducts and Sewerage of Santiago. (CORAASAN) 
is an autonomous state organization created by Law No. 582 of 1977, analogous to 
INAPA and with the same functions, i.e. the construction, administration, operation, and 
maintenance of water supply and sewerage systems. The jurisdiction of CORAASAN is 
solely the city of Santiago, the second largest city in the country (Repdblica Dorninicana, 
i391). 

TR&D. Inc. 
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e. The National Institute of Water Resources (INDRHI) was charged by Law 
No. 6 of 1965 to organize, direct, and regulate the exploitation of water supplies in 
cooperation with the Corporation of Industrial Promotion, the Dominican Electrical 
Corporation, and INAPA. Througlh its eight departments, Planning, Finaice- 
Administration, Hydrology, Pipe-line Prc~jects, On-going Projects, Small Dams, Supervit ion, 
and Irrigation Districts, INDRHI is resporlsible for the development and consc?!...lstion of 
water resources. This includes tho study, projection and construction of ali major 
hydraulic, storage and energetic worCl.s, watershed conservation, and sl~sessment and 
management of water resources, including rivers, lakes, springs, and lagoons (Repliblica 
Dorninicana, 1991). 

f. The Dominican Electric Corporation (CDE) is in charge of the production, 
transportation, and distribution of eleckic energy, and the development with INDRHI of 
hydroelectric sources. Its relative autonomy and financial independence give it 
comparative advantac!es to other agencies in the Dominican public seeor (Repliblica 
Dorninicana, 1991). 

g. The Navy has a part in the maintenance of many of the wind mills (pumping 
well water) installed in the country (Rc!p~jblica Dominicana, 1991). 

2.4.2 Agencies Responsible for Pollution Control 

SESPAS has a responsibility for the overall quality of water as it affects public health. 
INAPA, CAASD, and CORAASAN share in this responsibility as far as the provision of 
potable drinking water and the disposal of sewage waste and storm water run-off is 
concerned. As industrial wastes can affect drinking water supplies and are sometimes 
discharged into sewerage systems (where they exist), these organizations also have a 
concern in pollution from this sector (Castillo, n.d.). 

Various laws and decrees through the years have apparently given responsibility for the 
'regulation of pollution from the industrial sector to various government bodies created by 
them. The first was Law 4471 (1956) which created SESPAS and gave them the legal 
authority to inspect the dumping of noxious wastes and order the problem corrected. 
Law 5852 of 1962 gives INDRHI the legal authority to inspect industrial installations and 
order corrections and/or shut-downs if activities are degrading water resources. Law 
6914 also of 1962 prohibits industries from dumping substances harmful to fish 
popul&ions, and gives the Department of Fishery Resources (DRP/SEA) responsibility 
for these fishery resources (Castillo, n.d.). 

TR&D, Inc. 
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As the problem of industrial pollution had reached acute stages in some areas in spite of 
past legisiation, a recent decree, No. 226 of 1990, created a new National Commission 
of Ecological Sanitation, which was charged with the establishment of pollution 
standards and their enforcement. This Commission has followed the directions outlined 
in past legislation i.e., the analysis of pollution on a case by case basis, the ordering of 
the installation of pollution control equipment if warranted, and the occasional shut-down 
of industrial operations if the company had not complied within the six-month compliance 
period. The Commission has concentrated on private rather than state owned industries, 

- 
with some Commission members establishing companies for the installation of pollution 
control equipment (Decree No. 226). 

2.4.3 Agencies Responsible for Forest and Park Resources m 

a. General Direct~rate of Forests (DGF) was created by Law No. 5856 (1962) - 

initially under the SEA, but was transferred to the Dominican Air Force six years later by 
Law 206. The functions of the DGF include (1) inventory, demarcation, management and 
survsillance of forest resources, particularly public forest lands; (2) forest research; (3) 

- - sale of forest products and reforestation; (4) organization of the national registry of forest 
property; and (5) national forest planning (Reynoso et al., 1988). 

Since the creation of CONATEF (below), the DGF shares with them the power of approval 
for the felling, extraction, and transportation of all forest products. The DGF shares 
primary responsibility for soil conservation and reforestation programs with the SEA'S - 
Subsecretary of Natural Resources (SURENA). To date, SEA has undertaken most - = 

activities in reforestation and protection of watersheds above major hydroelectric bnd 
water supply dams. Shortage of funds has been a problem in satisfactory completion and - - 
follow-through of these activities as large dam projects in the Dominican Republic have 
rarely included components and funding for reforestation and conservation of watersheds 
above these dams (Reynoso et al., 1988). 
9 

b. National Technical Forestry Commission (CONATEF) was created by Law - 
705 (1982) to develop and implement national forestry policies and advise the President. 
Regulation No. 658 (1986) expanded its functions to include oversight functions of - 
forestry development and preservation, including (1) review of all private forest 
management plans and projects and (2) annual review of public institution work plans to 
assure compliance with national forestry policies. With the creation of CONATEF, policy 
making and executive functions were split, with the DGF retaining executive functions 
(Reynoso et al., 1988). = 
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c. Natlonzrl Parks Directorate (DNP) was established in 1974 under the office of 
the Administrative Secretary of the President to manage the country's National Parks. As 
with most public agencies, the lion's share of the budget goes for salaries, with little 
remaining for the actual protection, management, and improvement of national parks and 
scientific reserves (Reynoso, et al., 1988). 

2.4.4 Agencies Responsible for Marine and Coastal Resources 

a. Department of Fishery Resources (DRP/SEA) was legally created in 1962 
by Law 5914, although it existed as a.section"of the Secretary of Agriculture since the 
1950s. It initially managed an aquaculture station built by FA0 and later began a program 
to introduce exotic fishes. Today, the main functions of the DRP/SEA are (1) the 
collection of fish-catch statistics, (2) the granting of permits for aquaculture and freshwater 
fishing, as well as the import and export of fish products and the policing of these 
activities (together with the MGD and INDRHI), (3) the provision of aquaculture extension 
services, and (4) the provision of technical information on fisheries. The Department is 
composed of five units: the Aquaculture Division, the Fisheries Division, the Division of 
Interior Waters, the Technical Information Division, and the Statistics Unit (Reynoso et al., 
1988 and personal communication - see Appendix 6). 

b. The Dominican Navy (MGD) dominates the management of ocean fisheries 
because of its policing powers, and its established network of boats and command posts. 
It was also the main actor in recent containment and clean up activities associated with 
the shipwreck of boats with large oil supplies. It has also been a key participant in the 
development of the National Contingency Plan for Oil Spills, a major concern for the 
Dominican Republic due to .ts locaticn next to major shipping lanes (Reynoso et al., 1988, 
and Garcia, personal communication). 

c. The Center for Research in Marine Biology of the Autonomous University of 
Santo Domingo (CIBIMA/UASD) has been carrying out marine and coastal zone 
tesearch in the entire country for the last 25 years, and publishes studies in a folio of 
reprints for each year. It also carries out activities in teaching and extension. Studies 
have included inventories of marine flora and fauna, biology of aquatic fauna, the ecology 
of aquatic ecosystems, fishery potentials, aquaculture, water quality, and hydrological, 
geological, paleontological, and oceanographic studies. Extension has included 
consultations, collaboration with the pubiic sector, and the development of courses, 
seminars, and conferences in the ecology and management of marine resources, 
aquaculture and interior fisheries, and pesticide pollution (Reynoso et al., 1988 and 
I.Bennelly and V. Alvarez, personal communication). 
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2.5 Non-Government Aaencles (Directlv or Indirectlv) Involved in Efforts t_o 
Conserve Water Resources 

The non-governmental agencies involved in efforts to conserve water or coastal resources 
can be divided into two basic camps: (1) those with a community development or 
socioeconomic orientation involved in water issues indirectly through water development 
(provision of potable water supply or irrigation) or forestry activities (reforestation, forestry 
development, watershed protection, substitution of agroforestry for slash-and-burn) and 
(2) those with a biological conservation orientation involved in water or .coastal issues 
through promotion of ecologically sound development and park protection (most 
biological parks are in coastal zones or upper watersheds). To the knowledge of these 
authors, no non-governmental organization in the Dominican Republic works exclusively 
in water policy, conservation or pollution issues. Those organizations considered most 
pertinent to this study are described on the following pages (McCaffrey, 1989 and C. 
Bonilla and P. Quinn, personal communication). 

2.5.1 Community/Forestry Development NGOs 

- Asociacl6n para el Desarrollo de San Jose de Ocoa, Inc. is an autonomous 
organization established in 1968 with a Board of Directors composed of both private and 
public sector representatives, and funded from both international, private and government 
(T'echnical Secretariat of the Presidency) sources. Its specialty is the organization of rural 
inhabitants for community projects through the development or strengthening of local 
committees composed of local community leaders. The objective is to achieve local 
autonomy and self-sufficiency, and it is considered reached when involvement of the 
Asociaci6n in community development is no longer required. Of the 17 communities with 
which the Asociaci6n has been involved, 4 have now built their own aqueducts. Activities 
have been concentrated in the upper watersheds of the Nizao and Ocoa rivers, and 
include small scale irrigation development, watershed protection, reforestation; production 
of timber and fruit trees, housing, education and health activities, and construction of 
feeder roads. Their basic premise is that the farmer can work wonders whlsn given 
alternatives and constructive channels for their energy. 

- Floresta, Inc. was established in 1984 with a private sector Board of Directors 
and an Executive Director. Activities emphasize assistance for the developn~ent of 
agroforestry (as an alternative to slash-and-burn) to communities and small farmers, willing 
to participate in the program. The agroforestry system developed includes the use of 
trees for poles, citrus fruit trees, and spices. Assistance also includes product preparation 
(e.g., drying of spices), marketing (to international buyers), and legal assistance to obtain 
land security. Funding includes donations from the Dominican Republic government 
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(Technical Secretariat sf the Presidency), from Floresta, Inc. USA (with whom they 
maintain close ties), and from USAID/DR (monies for a revolving fund for loans for 
agroforestry development). Activities have concentrated in rural areas of Villa Altagracia 

- - (McCaffrey, 1989 and Garcia, personal communication). 

- Plan Sierra, Inc. was established in 1979 with a Board of Directors composed 
- of public and private sector representatives, and whose President is President of the 

Dominican Republic. Activities include integrated rural development, technical forest 
management, saedling and wood production, agroforestry promotion and research in the 
2,000-square-kilometer area of the Municipio de San Jose de las Matas on the north side 
of the Central Mountain Range covering the Yaque del Norte and Bao river watersheds. 
Their budget is large (approximately RD$6 million). They do receive revenues from the 
sale of forest and agricultural products, but operations are subsidized with large 
international donations afid fixed monthly appropriations from the GODR (McCaffrey, 1989 

- and personal communication). 
- - Progressio (Fundaci6n para el Mejorarnlento Hurnano) was legally - 
- incorporated in 1983 with a private sector Board of Directors and an Executive Secretary. 

Early activities concentrated on the production and distribution of free tree seedlings to 
small hillside farmers. (It distributed about 4 million seedlings between 1984 and 1988.) 
They are now trying to concentrate on more comprehensive watershed planning and 
management, including land use, soil conservation, and agroforestry concerns with the 
promotion of reforestation with trees for multiple uses. In this regard, they are now 
preparing a management plan for the upper and mid watersheds of the Rio Camu. The 
most important contribution of PROGRESS10 has probably been in public education and 
the heightening of awareness of the deforestation problem. The foundation receives 
donations from various private and international sources (McCaffrey, 1989 and F. 
Dominguez, personal commwnication). 

2.5.2 Environmental NGOs . 
I 

- Federaci6n Dornlnicana de Asociacisnes Ecologistas (FEDOMASEC) was 
incorporated in early 1989 and is composed of nearly 40 ecological associations and 
conservation groups from all over the country. The Federation has four primary goals: 
(1) to promote the conservation, preservation, study, and sustainable development of 
natural resources primarily through environmental education and the publicizing of 
environmental transgressions, (2) to bring together groups dedicated to the study and 
preservation of natural resources, (3) to promote the formation, training, and growth of 
new groups, and (4) to collaborate and support governmental agencies and programs 
related to the sustainable management of natural resources and the creation of a national 
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conservation strategy. The majority of the members of FEDOMASEC are volunteers, and 
many participate in various environmental protection canipaigns including reforestation, 
construction of more efficient stoves, soil conservation, and the clean-up of rivers or 
beaches. The World Wildlife Fund is assists in the funding and execution of several 
environmental education programs in local communities (Lopez et al., 1991 and H. Lopez, 
personal communication). 

- Fondo Pro Naturaleza (PRONATURA) is a non-profit organization established 
in early 1990 whose main objective is the conservation and sustainable development of 
the renewable natural resources and biological diversity of the country. Although 
individual persons may join, PRONATURA is not so much an association of individuals, 
but rather an "umbrellan organization of private and public associations working in the field 
of natural resources. Founding members include FEDOMASEC, Floresta, Progressio, 
Plan Sierra, Asociaci6n para el Desarrollo de San Jose de Ocoa, Mujeres en Desarrollo, 
Direction Nacional de Parques, Universidad Nacional Pedro Henriquez Ureiia, and the 
lnstituto Superior de Agricultura. PRONATURA works chiefly through the provision of 
institutional and financial support for projects or activities of its members. It also works 
largely through committees comprised of individuals and institutions that are not 
necessarily members of PRONATURA. One of its chief accomplishments has been the 
establishment of a Subprogram of Debt for Nature within the Central Bank with an initial 
quota of $80 million. PRONATURA is now trying to develop a project to inventory coastal 
zones (PRONATURA literature and D. Marte, personal communication). 

- Foundation for Science and Art, Inc. is active in the promotion of natural 
resource conservation through the development of national saminars, the publication of 
seminar proceedings and contributions, and research and publication of vario,..::, 
pamphlets, books, and a magazine dedicated to environmental, among other, matters 
(Seulle and Boin, personal communication). 

2.6 Activities bv International Or~anizations 

Except in the sense of the development of water resources tor irrigation, energy, or 
potable water supplies, the conservation or protection of water resources has not 
historically been a primary emphasis of international organizations. The most important 
international activities to date with some relation to water and coastal zones include: 

1) Inventory of the country's natural resources by the OAS in 1967. - 
2) lnventory of the country's forest by the FA0 in 1970. (Most later studies still 

depend on the data collected in these inventories.) 
3) Environmental profile of the Dominican Republic by A.I.D. in 1980. 
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4) A Natural Resources Management Project by A.I.D./GODR in 1383/84 
-- which updated the country's aerial photo base, developed resource 

inventories of seven watersheds and two forest zones, drafted a National 
- 

~ o r e s t r ~  Management Plan, and implemented watershed management in 
Ocoa and Nizao watersheds. 

5) Plan Nacional de Investigaci6n, Aprovechamiento y Control de Aguas 
, Subterrheas by IDB in 1983. 
- 

- 
6) Biological diversity assessment by A.I.D. in 1988 promoting park protection 

in upper watersheas and coastal'zones. 

- - 7)  On Farm Water Management Project, research to conserve water and 
increase efficient water use. 

8) Tropical Forestry Action Plan by FA0 in 1991. 

International interest has grown in recent years in watershed management, and pollution 
monitoring and control (both industrial and domestic wastes). Ongoing or projected 
international activities involving water supplies, watersheds, and/or coastal zones, or 
impacting the same, include: 

An analysis of contamination in the Rio Ozama by the French in 1991. This 
diagnostic contains a proposal for a major, capital-intensive project to solve 
sewage disposal problems in Santo Domingo. 
The French are planning a project to develop an International Convention Center 
on the San-Souci beach of Santo Domingo, and tourist developments at Casa de 
Carnpo, Marina Puerto Chiquito (Sosua) and Marina de Barahona. 
A f~asibility study for an irrigation project (RD$109 million) in the Constanza Valley 
was just completed by the Japanese in 1990. 
A feasibility study for groundwater development in the western region of the 
Dominican Republic is underway by the Japanese. 
A feasibility study is underway by the ID6 to restore, manage, and protect the Rio 
Bao watershed. 
The IDB is developing a project ($50 million), Agricultural Development of the San 
Juan Valley, to include watershed protection for the Sabaneta dam. 
The IDB is disbursing a loan to the Central Bank for sub-loans to developers for 
tourism development. This was preceded by an extensive study to develop a 
national plan for tourism development; there is no mechanism for environmental 
review of sub-loans. 
The GTZ has had a water resources project with INDRHI since 1986, which has 
concentrated on institution strengthening and the development of a data base and 
measurement stations for data collection on rainfall and groundwater flow rates of 
rivers. 



Preliminarv Evaluation of Potential Pilot Proiect Sites 

The GTZ has been integrally involved in rural development in San Jos6 de Ocoa 
with the Development Association there; assisting with institution strengthening and 
the development of the FIRENA program. 
The GTZ has a project in fisheries development that also includes a scientific 
research component; they propose to conduct an inventory of fisheries on the 
south coast. 
GTZ has conducted preliminary studies as part of a proposal to conduct water 
quality monitoring for the four largest rivers, the Ozama, the Yaque del Sur and 
Yaque del Norte, and the Yuna. 
The Spanish have been working with the Directorate of National. Parks, and are 
studying, preparinglupdating and beginning to implement management plans for 
Los Haitises and the National Park of the East; and are planning a study of Monte 
Cristi. 
The Spanish have recently initiated a study of the Rio Nigua watershed, hydrology, 
and the activities which have an impact there upon. 
The Spanish are planning a study of biological contamination sf four river systems 
(Isabela, Ozama, Yaque del Norte, and the Yuna). 
The OAS has been studying with INDRHI the hydrology of the Artibonito watershed 
and the preliminary feasibility of various water development projects. 
The OAS has just prepared a proposal together with INDRHI to conduct a 
comprehensive study of water resources and prepare a national management plan. 

Further detail can be found in Appendix 3. 
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3.0 INVENTORY OF RESOURCES 

3.1 Climate 

The climate of the Dominican Republic is primarily determined by its location in a tropical 
area with trade winds, and by orographic effects. The variations over the year in 
temperature, sunshine hours, and relative humidity are small compared to the variations 
in individual days. 

The temperature is tropical and predominantly maritime, so seasonal variations of 
temperature are small. Although reduced by the nearness of the ocean, the diurnal 
temperature range exceeds the annual temperature range. The seasonal variations in 
humidity are small with moisture remaining high all year due to strong ocean influences 
on the climate of the West Indies. 

The rate of rainfall for the country is 1,400 mmlyear, varying between 2,000 mm/year on 
the Atlantic coast, due to the orographic effect caused tj the trade winds over the Central 
mountain range, and 800 mm/year in the northwastern and southwestern regions 
(leeward of the range). This translates into an average runoff volume of 19,074 million 
cubic meters/year, of which 1,500 million cubic meters is absorbed to recharge 
groundwater. 

Although the West lndies are practically always under the influence of maritime air 
masses, the local and partly seasonal variations of precipitation are surprisingly high. As 
far as rainfall totals are concerned, most can easily be attributed to orographic effects. 

The rainy season generally extends from May to November, and dry season from 
December to April. The Dominican Republic lies within the hurricane belt with tropical 
storms constituting a major weather hazard. Extreme precipitation events are caused by 
hurricanes (tropical cyclones) and intensive thunderstorms. For that reason, the island 
Is affected by hurricanes. 

The trade winds in combination with sea breezes are the predominant winds. The trade 
winds and breezes are usually light to moderate in speed. Wind speeds of storm strength 
are usually associated with cold fronts or tropical storms. 
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- 
3.2 Water Resources 

According to PLANIACAS 1983, the ground-water potential of the Dominican Republic has 
been estimated at 1,500 millicii m3 annually which recharges the three most important 
aquifers of the Dominican Republic. Most of that groundwater runs throughold the tertiary - 

limestone. Groundwater quality is good except in some coastal areas where saline 
intrusion has taken place. There are also groundwater salinity problems in the Neyba 
Valley due to low-lying land. Other areas such as the Northwestern region (Valverde 
Mao, Santiugo Rodriguez, Laguna Salada) present some problem in the water quality for 
use in irrigation. I 

There are more than 5,000 wells in the country. It is estimated that more than 250 million - 
cubic meters of groundwater is currently extracted annually, or 25 percent of capacity. 
Approximately 50 percent of the wells have a discharge of less than 80 liters per minute 
and 30 percent have depths of less than 25 meters; the deepest wells hardly exceed 200 
meters. - 

Taking into account the remaining groundwater availability, more than 75 percent of the 
total capacity, the groundwater resources may play an increasing role in meeting water 
needs, particularly for irrigation. Groundwater resources currently contribute greatly to 
meet important demands in the domestic and industrial sectors. 

Tiiis low rate of use has historically been due to the abundance of surface waters, lack 
of electricity, and the high cost of making some supplies potable because of the hardness 
levels. The cost of removing dissolved salts (mainly calcium and magnesium salts) is too 
high compared to regular treatmsnt of surface or grolrnd water in order to achieve an - 
acceptable hardness level (less than 150 ppm). - 

The Dominican Government has targeted the south region for water development 
- 
- 

interventions. The region includes the Neyba Valley with a volume of water available from 
210 to 250 million m3 per year and the zone of Barahona-Sierra Bahoruco with an 
estimated 165 to 210 million m3 per year available. The government is also targeting the 
Planicie Costera Oriental in which available groundwater is estimated at around 350 million 
m3 per year. - 

PLANIACAS has estimated that the Dominican Republic can access available water 5% 
(surface water and groundwater) in order to cover the water demand by the year 2000. 
The estimated demand will approach 4,900 million m3. 
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Table 1. Water Demand Versus Estimated Hydrological Potential for the Dominican 
Republic (in millions of m3) 

I Water Demand I Estimated Water I Hydrologic 

Yaque del Norte 1 870 1 1,608 1 3,440 1 45 

Re~ions 

San .Juan 1 157 1 276 1 1,360 1 50 

Yaque del Sur 1,060 1 565 

Azua 75 

potential I Groundwater 
-7:~ - 

1980 

Yuma-Camu 570 1,146 1 2,470 225 

20UO 

Ozama-Nizao 1 332 1 851 1 3,240 1 550 

TOTAL 1 2.492 1 4.865 1 11.695 1 1.510 

3.2.1 Rivers 

The Central cordillera is the highest mountain range in the Antilles, and from it originates 
four of the more important rivers of the Dominican Republic; the Yaque del Norte, the 
Yuna, the Yaque del Sur and the Artibonito. 

The Yaque del Norte has a lengthof 296 kilometers and drains a watershed of 7044 ~ r n ~ ,  
about 15 percent of the country. The average annual flow is about 64 m3/sec. This river 
system contains the largest irrigation network in the country and has great hydroelectric 
potential, oniy part of which is being used at this moment. One of the main problems with 
this river system is the high sediment load eroded from seriously deteriorated, steep 
watersheds. 

The Yuna river with a length of 209 km, is the second largest in the Dominican Republic. 
It lias a watershed of 5498 km2 and discharges into Samana Bay. The average annual 
flow at the Villa Riva is about 91 m3/sec. It experiences cyclic floods every two or three 
years. It carries very high silt loads that obstruct the existing irrigation systems. 

The Yaque del Sur river with a length of 183 km begins on the highest part of the 
southern flank of the Central cordilleran. It drains a watershed of 4972 km2. It discharges 
into the Neyba Bay close to Barahona. The river runs primarily through an arid and 
semiarid region with precipitation of less than 1,200 mm/year. 
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On the western flank of the Central Cordilleran also runs the Artibonito river which is the 
boundary with Haiti. This river is the longest of the Hispaniola Island at 321 km. Its 
watershed is the biggest, with 9,013 km2. 

- 
3.2.2 Description of Dominican Watersheds 

Based on the hydrographic division of the country (OAS, 1967), illustrated and described 
in the "Perfil Ambiental de la Repirblica Dominicans" (Hartshorn et al., 1981), 14 
hydrographic regions can be identified: - 

1. Regi6n del Rio Yaque del Norte 
2. Regi6n de 10s Rios Masacre y Chacuey (Dajab6n) 
3. Regi6n del Rio Artibonito (Occidente) 
4. Regi6n del Lago Enriquillo 
5. Regi6n de Pedernales (Wremo Suroeste) 
6. Regi6n del Rio Yaque del Sur 
7. Regi6n de 10s rios Ocoa y Nizao (Sur) 
8. Regi6n de la Costa Norte (Puerto Plata) 
9. Regi6n del Rio Yuna 
10. RegiQn de 10s Rfos Haina y Ozama (Distrito National) 
11. Regi6n de la Peninsula de Samani5 
12. Regi6n de la Costa Noreste (Bahia de Samanh) 
:3. Regi6n de San Pedro de Macoris y La Romana 
14. Regi6n de Altagracia (Extremo Oriental) 

In general, the most important watersheds based on production potential, integrated 
development, and population density, originate in the Central mountain range. Soil loss 
within the hydrographic system has been calculated for the principal watersheds. The 
following data were adapted from Hartshorn el al., ('1981). 
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Table 2. Sub-watersheds and Soil Erosiool 

The data for these watersheds indicate that accelerated eros,ion is depositing millions of 
tons of sediment into the country's river systems. The data show soil loss ranging from 
95 tons/ha/yr in the Chacuey watershed to a maximum in ,the Ocoa watershed of 507 
toris/ha/yr. Defgrestation and indiscriminate hillside farming using primitive techniques 
has led to erosion in the watersheds of the Dominican Republic. Basic factors leading 
to such destructive soil utilization are increased population pressure, low education levels 
in rural areas, acute food and shelter needs, and the lack of an appropriate technology 
to maximize soil produ~qivity. (see Appendix 4, Other Issues of Relevance to the Study.) 

Watershed 

Las Cuevas 

Taveras 

Bao 

Nizao 

Ocoa 

Maguaca 

Guayubin - 
Chacuey 

5.2.3 Continental Fishing 

Statistics show artisanal fishing in continental waters to have increased in recent years, 
mostly because of the construction of dams and of the promotion of fishery activities 
among farmers. Exotic species such as tila~ia, carp, and lobinas have been stocked in 
many lakes and lagoons; many artisan fishermen depend on these resources for their 
own sustenance, as well as for the local market. 

Area 
(km2) 

569 

737 

933 

992 

563 

172 

734 

386 

%of the 
Country 

Area 

1 .I 

1 .S 

1.9 

2.0 

1 .I 

0.4 

1.5 

0.8 

Erosion 
(tons/ha/yr) 

275 

275 

346 

125 

507 

294 

11 1 

95 
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3.3 Soils 

The Dominican Republic has a great variability of soils. The best soils of the country can 
be found on Cibao (north region) and San Juan (southwest region). According to the 
Ramirez (1985) most of the soils in Dominican Republic are inceptisols (58 percent). 
Aridisols are the second most common with 11.6 percent. These soils can be found 
mainly in the south part of the Dominican Republic (Pzua, Neyba, Barahona), and also 
on the northwest (Monte Cristi, Santiago Rodriguez, Mao). Within these two regions are 
found some saline soils. Entisols soils are mainly located in mountain areas and also in 
river basins constituting ten percent c'r the soils. Saline soils are not easily irrigated 
without problems of salinization unless they are heavily flushed, which can in-turn raise 
water tables, increase sclinity of surface waters, or increase risks of erosion. The well 
developed soils, such as ultisols and some oxisols cover close to nine percent of the 
Dominican Republic. Vertisols and molisols represent four and three percent respectively. 
Histosol soils are less than one percent of the surface area. 

3.4 Forests 

Forest land comprises most of the country. According to an inventory compiled by 
DIRENA using 1983-1984 aerial photographs, approximately 13,800 km2 of the national 
territory was covered in forests, 6.1 percent Coniferae (2,950 km2), 6.01 percent Latifoliate 
species (2,893 km2), and 16.7 percent dry forest (8,055 km2). Additionally, 2.5 percent 
(1,202 km2) were lands that should be used only for water production, wildlife, and 
conservation. 

Despite efforts by the government to halt the cutting of trees and reduce the energy 
dependence on firewood and charcoal, deforestation continues unabated with resulting 
destruction of v2al watersheds. The FA0 Tropical Forestry Action estimated that the 
annual rate of deforestation in the Dominican Republic was 80 square kilometers. FA0 
studies estimated declines of 30 percent in the primeval forest and 70 percent in the pine 
and mixed pine broad leaved forest cover. Estimated decline in humid and subhumid 
broad-leaved forests are 86 percent and 69 percent. 

3.5 Aaricultural Lands 

According to the OAS study (1967) using the Land Capability Classification, 12.6 percent 
(6,009 km2) of the land is suitable for cultivation. Most of the prime land for agricultural 
use is found in the Cibao Valley and i.s devoted to sugarcane production. Marginal crop 
lands (Class IV) comprise 7.7 per cent of the country (3,639 km2). 
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3.5.1 Farming Frontier Advance - 
- Although there is no precise dal..: on the recent rate of the advancement of the 

agricultural frontier in the Dominicar Republic, available statistics indicate a decrease in 
forest cover from 69 percent in 1940 to 26 percent in 1967. Thus, changes in land use - over the past 27 years has produced a decrease in forest cover by a total of two million 

- hectares, or 76,000 hectares per year (Hartshorn, et al., 1981). Since deforestation rates 
- 
- are higher than reforestation rates, it is safe to infer that a high percentage of the 

deforested land is being devoted to agricultural production. 
- 

m. 

3.5.2 Shifting Agriculture 

Shifting agriculture is intimately related to the advancement of the farming frontier. There 
are no statistics on its actual size, but it is considered to be the initial stage of the 
conversion of forest areas to subsistence agriculture, then to pasture, with great negative 
impact on availability of natural resources which can negatively impact the ability of rural 
populations to support themselves. 

3.6 Ranqelands 

- Almost one quarter of the country has the potential for pasture. A total of 11,682 km2 
- have been classified as sustainable for rangelands. From this total, 5,611 km2 are lands 
- with erosion hazards, and for this reason its usage is limited. Permanent plantation usage 

is the best case scenario. 
- - 

Cattle production is practiced to varying degrees of intensity in fenced ranches throughout 
the country. In the north an southwest, particularly in dry forests, goats and cows graze 
freely on public and private lands, frequently overgrazing and causing forest degradation. 

3.6.1 Rangeland and Pasture/Cattle Production Zones . 
Six areas with important livestock activity were recognized: 

Eastern Flatlands 

- This area is concentrated around Monte Plata, Bayaguana, Hato Mayor, El Seibo, San 
Pedro de Macoris, La Romana and Higuey. Most of this area is classified as Subtropical 
Moist Forest, with an annual precipitation of 1200-1400 mm per year. Dominant soils are 
inceptisoles and entisoles with low to gentle slopes. 
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- 
Northeastern Coastal Zone - - 

This zone includes coastal flatlands, hills, and areas with steep slopes along the 
northeastern coast from Laguna Nisib6n to Sabana de la Mar. Most of the area is 
classified as Subtropical Wet Forest with an average precipitation of 1,600-2,200 mm per 
year. The soils of the flat coastal areas belong to the ASDS 02C (MARENA, 1987) 
characterized by gentle slopes, deep, and moderately drained. Many of these areas were 
wetlands or mangroves that have been converted to improved pastures. Soils from hills 
and steeper areas are usually Utisols. They are commonly used as native pastures, and 
some of them have trees and shrubs in different successional stages. 

- 
Northern Coastal Zone 

This zone is similar to the Northeastern Coast, and extends from Nagua to El Papayo. 
Important activity occurs in Gaspar Hernandez, Maria Trinidad Sanchez and Rio San 
Juan. The area is similar to the Northeastern Coast because it includes coastal areas with - gentle slopes, hills and broken areas. However, the zone is a little dryer, mostly a 
Subtropical Moist Forest, with a small wetter area around Nagua. 

Central Cibao Zone 

This is a diverse zone located in areas around Santiago, San Francisco de Macori, La 
Vega, Moca, and Cotui. Even though diverse, the area is generally characterized by low 
to gentle slopes, good soils, and good precipitation. 

Northwest Line 

This zone is located in the northwestern part of the country in areas near Monte Cristi, 
Dajabon, Santiago Rodriguez and Mao. It is a dryer area where natural vegetation is 
mostly Subtropical Dry Forest with average precipitation of 700-1,000mm. Smail areas 
of Subtropical Moist Forest with average annual precipitation of 1,000-1,200mm are also 
included in this zone. Soils in this area are Entisols, Inceptisols, and Aridisols. The area 
used includes flat areas as well as hills and steeper slopes. It is important to mention that 
because this area is dryer it is a more fragile ecosystem that can be degraded quicker. 

Southern and Southwestern Zone 

This zone includes the areas of San Cristobal, Bani, Azua, and San Juan. 
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3.7 Parks and Protected Areas 

The Government, through the Direccion Nacional de Parques (DNP), has created a 
network of six Scientific Resarves, 12 Natonal Parks, two Wildlife Sanctuaries and one 
scenic highway which form the system of protected areas. They represent approximately 
13.6 percent of total land mass. According to the Biological Diversity Assessment, the 
devastation of natural habitats for agricuiture, livestock and charcoal production is the 
major factor causing the elimination of the flora and fauna. 

There are no rivers or.lakes especially- protected in the country; nevertheless, Enriquillo 
stands out aniong the lakes due to its unique hydrological and geological characteristics, 
and the fact that it has at its center the National Park of lsla Cabritos. Surface water 
resources within the national parks and scientific reserves receive protection, though 
activities in the buffer zones, and sometimes in the parks themselves, may have a 
negative impact. 

3.8 Endanaered Species 

According to the latest inventory, La Diversidad Bioloqica en la Re~ublica Dominicana, 
(1990), 89 species and subspecies of fishes, reptiles, birds and mammals are considered 
threatened. 15 species are endangered, 37 vulnerable, 13 rare and 24 are still undefined. 
Thirty nine threatened species need special attention: two fishes, 13 reptiles, 21 birds and 
three mammals. In thc; Dominican Republic 14 threatened species do not live within 
protected areas: 13 reptiles and one bird (Burhinus bistriatus). 

- 
- TR&D. Inc. 
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4.0 INVENTORY OF COASTAL RESOURCES 

4.1 Manaroves 

4.1 .I General Characteristics 

Mangroves are salt-tolerant, woody, seed-bearing plants that range in size from small 
shrubs to tall trees depending on site conditions and availability of.nutrients. Most 
commonly, they thrive along sheltered, intertidal coastlines on saline sediments that are 
often acidic and anaerobic. There are three common mangrove species: (1) red 
mangroves; characterized by prop root formations that resemble "long spider-like legs", 
(2) black mangroves; characterized by pneumatophores (pencil-like upright roots that 
protrude from the soil surface) and, (3) white mangroves. Zonation in mangroves, 

- 

probably the result of soil salinities, often follows the pattern where red mangroves are - 
most seaward, black mangroves are intermediate between the open water and uplands, 
and white mangroves are along the upland edge of the mangrove community. 

There are three major factors that liml! the distribution of mangroves in the Dominican 
Republic: (1) salt water, (2) tidal fluctuation, and (3) substrate and wave energy. While 
salt water is not a requirement, in fact mangroves grow quite well in freshwater, it reduces 
competition from other vascular plants. Freshwater from terrestrial runoff is an important 
input to prevent soil salinities from reaching hypersaline conditions that excludes even 
mangroves. 

Tidal fluctuation plays an indirect role in increasing mangrove productivity and distribution 
by carrying nutrients, dispersing propagules, and maintaining lower salinities in areas of 
high evapotranspiration rates. Mangroves grow best in environments where wave energy 
is low. High wave energy prevents establishment of propagules and can erode away 
sediments and destroy mangrove root systems. 

The importance of the mangrove community is three fold: (1) food chain support, (2) - 

shore line stabilization, and (3) water quality enhancement. Leaf litter and detritus 
produced by mangroves is exported during tidal cycles, and in conjunction with large 
rainfall events, to the nearshore marine environment. Microbial breakdown enriches the 
detrital particles becoming a nutritious food resource for a variety of marine organisms. 
Where storm surge tides are common, mangroves provide a stabilizing influence to 
shorelines and in river deltas. The mangrove-dominated banks are less likely to erode 
than river banks having no vegetation. Mangroves extract nutrients from circulating waters 
and their anoxic soils have the ability to sequester some toxins and metals. As a result, 
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they have an important function in the maintenance of water quality in the nearshore 
marine environment. 

4.1.2 Distribution 

Figure A1 in Appendix 1 shows the distribution of mangrove communities in the 
Dominican Republic. The location and land area of mangrove communities were taken 
from 1:50,000 topographic maps of the coastline. The northern coast has the largest 
area of mangrove totaling more than 18,000 hectares. The largest concentrations are 
found at Monte Cristi (1,550 hectares) and Bahia de Samana (three stands of 7,783 ha, 
1,326 ha, and 1,208 ha plus numerous smaller stands). By far, the largest and most 
robust single stand is the 7,783 hectare stand at the mouth of the Rio Yuna, where trees 
appear to be greater than 15 meters tall. The mangroves at the mouth of the Rio Yaque 
del Norte appear to offer more landscape heterogeneity and thus more and varied habitat 
potential. 

The east and southeast shore have a total of 1,308 hectares of mangrove, 1,173 of which 
are within the Parque Nacional del Este. Most of the south coast has wave energies that 
are not conducive to mangrove communities, thus where they exist they are in protected 
estuarine areas and along the river banks upstream from their confluence with the 
Caribbean. There are a total of 647 hectares of mangrove on the south coast. The 
Praque Nacional Jaragua has a total of 2,471 hectares of mangrove in two stands, one 
just north of Laguna Oviedo and on the western shore surrounding several lagoons. 

4.2 Beaches and Dunes 

.4.2.1 Characteristics 

Beaches and dunes are not stable entities, being constantly subjected to forces that either 
erode them or add to themldeposit materials. Beaches and their landward dunes are 
dynamic and ever changing deposits of unconsolidated sediments that vary in size and 
character from rock fragments to fine grained sands. Beach forms vary depending on 
the slope of the nearshore coastal shelf, the composition of beach material, and the 
forces of tides and waves. In general beaches are in a dynamic equilibrium between 
erosional and depositional forces and any actions that change the balance of these forces 
can cause erosion and beach loss. 

While not particularly biologically productive, beaches and their associated dunes support 
a large number of plant and animal species. Terrestrial sources of organic matter, and 
that deposited from open waters, often support a diverse array of filter feeding 
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consumers, which in turn are the basis for numerous coastal birds. Diatoms and 
phytoplankton are the main source of primary production within the waters, and where 
dunes are stable, they are colonized by numerous plant species that are adapted to the 
shifting nature of the environment. 

4.2.2 Distribution 

Figure A2 in Appendix 1 shows the location of most important beaches. By far the 
greatest concentrations of beaches are along the northern coast. Several good beaches 
are located along the northeastern shore. Beaches of the south coast are relatively 
scarce. There are several beaches of importance along the southwest- coast south of 
Barahona: La Clenaga, San Rafael, Paraiso, Caleton and Enriquillo; although the wave 
energy of this coastline makes these beaches less attractive for tourism development. 

4.3 Other Coastal Wetlands 

4.3.1 Characteristics 

Landward of the mangrove forests and beach and dune systems, where there is no slope 
or a slightly depressional landscape, drainage is poor, and there is sufficient rainfall, 
freshwater marshes often prevail. Dominated by sedges, shrubs and herbaceous plants, 
they are often very productive ecosystems providing important habitat for a variety of 
indigenous and migrating birds as well as herptofauna, reptiles and mammals. 

Generally marsh wetlands are wet year round, but may dry out occasionally during the 
dryer times of the year. Hydrology, especially the period and depth of inundation is 
extremely important, dictating species composition. Marshes that remain wet year-round 
have the greatest populations of fish and invertebrates that form the basis for wading bird 
populations. 
I 

4.3.2 Distribution 

Figure A3 in Appendix 1 shows the main areas of marsh wetlands in the coastal zone. 
The largest concentrations are (1) along the north coast stretching from Cabo Engaiio 
at the eastern tip of the country to Sabana de la Mar, (2) the extensive wetland complex 
of the Rio Yuna flood plain has been converted to rice and cattle production, (3) at Bahia 
Escocesa between Cayo Jackson and the city of Nagua that are now in rice and cattle 
production, and (4) in the vicinity of Sabaneta de Yasica, also given over to agriculture. 
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4.4 Coral Reefs 

4.4.1 General Characteristics 

Coral reefs are considered one of the most diverse ecological communities and most 
important marine resources of the Caribbean. They grow along coastlines where waters 
are clear, clean and free of suspended sediments, excessive freshwater runoff and 
pollutants. Corals are particularly sensitive to pollution from either toxic origins (metals 
and chemical contaminants) or excessive nutrients. 

Coral reefs are the basis for most of the coastal fisheries of the Dominican Republic. In 
addition, they often provide breakwaters which protect bays and estuaries and limit 
coastal erosion. The reefs and the beaches they protect are a substantial portion of ths 
natural resource base upon which the Dominican Republic's growing tourist industry 
depends. 

4.4.2 Distribution 

Figure A4 in Appendix 1 shows the distribution of coral reefs along the coast of the 
Dominican Republic. The map of the distribution of reefs is based on 1:50000 quadrangle 
maps and a single flyover of the coast. No attempt was made to assess the general 
health of the reef communities. 

Coral reefs can be found scattered along nearly the entire coastline of the Dominican 
Republic. In some areas wherewave action and substrate' limit coral production, the 
reefs resemble marine terraces or flats (sometimes referred to as coral escarpments) of 
lower diversity than the deep water reefs and those along more-.protected shorelines. 
Wherever turbid'w is high, 'corals are less likely to flourish. 

The north coast stretching from the tip of the Samana peninsula to Monte Cristi has the 
largest concentrations of coral reefs. The single largest concentration and most "pristine" 
reefs that were encountered during the flyover are locaied in the stretch of northwest 
coast from Punta Buren to Bahia de lcaquitos. In this area there were significant 
concentrations of fringing reefs, patch reefs, and near shore reef escarpments that 
appeared to be in excellent condition. There were other areas of good reef development, 
although of patchy distribution in the following areas: (I) near ~ a y o  Jackson, Las 
Terrenas, and La Barbacoa on the north coast of the Samana Peninsula, (2) at la Errnita 
between Rio San Juan and Gaspar Hernandez, (3) the area around and west of Puerto 
Plata. 
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4.5 Seacrrass Beds 

4.5.1 General Characteristics 

Seagrass beds are extremely productive near shore environments that provide a large 
quantity of food for grazers such as fish, green turtles, shrimp and crabs, and are nursery 
grounds for many commercial fish including snapper and grunt, and several invertebrates 
including conch and lobster. While the grasses themselves are productive, they also 
provide a substrate upon which rich communities of algae grow, increasing the nutritive 
value and grazing opportunities for many organisms. 

Seagrasses are associated with coral reef communities because, like the corals, 
seagrasses require clear, shallow water; but unlike the corals they require a soft 
substrate. Rarely are seagrasses associated with coasts dominated by mangroves 
because the organic stained waters discharging from mangroves on the falling tide lowers 
water transparency. Seagrasses are sensitive to toxins, elevated temperatures from 
thermal discharges, and over enrichment that increase phytoplankton production and thus 
lowers light transmittance through the overlying water. Areas near large river discharges 
where turbidity is high, and where fresh water inflows may lower salinity of near coastal 
waters, are not conducive for seagrasses. 

4.5.2 Distribution 

Sea grasses are found throughout the marine waters of the Dominican Republic. In some 
areas they are extremely dense and cover as much as 80-90 percent of the available 
substrate. In others, they are very patchy and cover only 10-20 percent of the bottom. 
Percent cover in seagrass areas is related to exogenous impacts, like terrestrial sediment 
inputs, storm events, prevailing currents, and wave action. Figure A5 in Appendix 1 
displays the distribution of seagrass beds in the Dominican Republic. 

8 

Seagrasses along the southwest coast of Parque Nacional del Este and in the straights 
between tho main land and the island of Sanoa were estimated to cover about 30 percent 
of available substrate. 

In the more protected areas of the east coast south of Cabo Engano, there were relatively 
dense growths of seagrasses, as well as along the northeast coast stretching from Cabo 
Engano to the scie~tific reserve at Laguna del Umon. There is potential seagrass habitat 
along the southerti shore of Samana Bay, but water clarity on the day of the over flight 
was not sufficient to verify their presence. 
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Very dense growths of seagrass beds are intermingled with the fringing and patch reefs 
along the entire northern coast stretching from Cabrera to Monte Cristi. 

There is evidence of extensive areas of sea grass beds in the southwest around lsla 
Beata (because it is reported as an important conch fishing grounds), although this was 
not confirmed during the flyover or site visit. 

4.6 Marine Fisheries 

4.6.1 General Characteristics 

The marine fishery of the Dominican Republic is at an artisanal level. Current data on the 
size and composition of me fishing fleet were not available. Earlier estimates (INDOTEC, 
1980) put the size of the fleet at about 1,400 boats dominated by (90 percent of the fleet) 
"cayucos" and "yolas" half of which were motorized. Estimates based on site visits to 
Bahia Ocoa, and the southeast coast, as well as the flyover of the entire coast, suggest 
that the fishery is still overwhelmingly dominated by the yolas type boats which measure 
from four-six meters in length. 

Table A1 in Appendix 1 gives the tonnage of the fish c ~ t c h  by coastal province. The 
largest percentage of catch was shared by Puerto Plata (25.5 percent); where the majority 
of landed fish come from the offshore fishery at Banco Navidad and Banco Plata, Distrito 
Nacional (15.2 percent), Maria Trinidad Sanchez (10.4 percent), and La Altagracia (9.9 
percent). 

4.6.2 Distribution 

Figure A6 in Appendix 1 shows the main near shore fisheries as determined by a map 
provided by PROMOSA and earlier work by Hartshorn et al. (1981). The off shore fishing 
areas (Banco Navidad and Banco Plata) are not included in the map, yet are extremely 
'important. 

4.7 Endanaered and Threatened S~ecies 

4.7.1 General Characteristics 

As in most cases throughout the world, the most important reason for declines in listed 
species populations (with the possible exception of sea turtles and the West Indian 
manatee) has been loss of habitat. Of the 14 listed endangered, coastal species (four of 
which are sea turtles), eight are birds. The critical habitats for the listed birds are primarily 
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coastal lagoons and wetlands, two habitats that have been under considerable prassure; 
and as noted above, coastal wetlands other than mangroves have suffered almost 
complete conversion to agricultural uses. 

4.7.2 Distribution 

Figure A7 in Appendix 1 shows possible distribution of endangered species as best as 
they can be determined using major concentrations of required habitat types as the key 
factor, and secondarily the earlier work of Hadshorn et al. (1981). 

4.8 parks and Protected Areas 

4.8.1 General Characteristics 

Some of the most important coastal resources in the Dominican Republic have been 
declared national parks and as such enjoy some measure of protection. The major factor 
influencing their protection is, unfortunately, not the result of a strong presence of park 
personnel, but their remote locations. A general description of each follows. 

Parpue Nacional del Este - The park is 434 km2 of lowland broadleaf forest, mangrove 
swamps, beaches, and sea grassbeds. It contains a bio luminescent bay (Las Calderas), 
and the island of Saona. The lagoons on Saona are said to be habitat for the 
endangered flamingo. In addition, the white-crowned pigeon is said to nest there and the 
park is visited by manatee and provides nesting habitat for sea turtles. 

Saona Island has a settlement (Mano Juan) of approximately 300 people who use the 
marine and nearby terrestrial resources. Increasingly tourists are using western beaches 
and making day trips to Mano Juan. 

Parque Nacional Los Heifises - The 328 km2 park located on Samana Bay contains 
outstanding landscape of carst topography, mangrove swamps. The vegetation is low- 
land broadleaf forest and mangrove. There are frigate bird and pelican nesting areas off- 
shore. There is invasion by agriculture in the southeastern and southwestern quadrants 
of the park, funded by GODR Agricultural Bank loans to youtia producers. 

Parque Nacional Jaragua - A 1,400 km2 park created in 1983 to protect the coastal and 
marine environment of the southwest. It contains 12 vegetation types including dry 
forests and mangrove swamps, several lagoons and lsla Beata. The park is an area of 
high biological diversity and ei~demism containing 400 plant species, 130 bird species, 
and 54 reptile species. It contains important turile nesting beaches and conch beds. 
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Pressure along the northern border of the park from Oviedo is reported to be quite high, 
with conflicts over wood cutting, trapping of crabs, and collection of turtle eggs. 

Parque National Monte Cristi - A 550 km2 marine park, created i n  1987 to protect the 
marine resources of the northwest coast. The park contains three principle ecological 
community lypes, mangrove swamps, marine grass beds, 6nd coral reefs. Encroachment 
on the park and its resources is in the form of salt production in areas immediately 
adjacent to the mangroves, marina development, fishing, and.some wood cutting in the 
mangrove extremes. 

Redonda and Lim6n Laaoons Reserve were designated scientific reserves in 1984, and 
are located along the country's northeastern coast near Miches. These two lagoons 
cover 10,100 hectares and possess high primary biological productivity. The contribute 
many nutrients to the neighboring marine ecosystem which .helps maintain the region's 
productive fishery. IAD recently settled the lands around the reserve and encouraged 
farmers to cultivate rice. This settlement may cause future impact on the reserve plant 
and animal communities. 

4.8.2 Distribution 

Figure A8 in Appendix 1 shows the distribution of parks and scientific reserves in the 
coastal zone. 

- 
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5.0 POPULATION AND SOCIOECONOMIC TRENDS 

5.1 Po~ulation Growth Trends 

Population arowth has been rapid over the last 40 y~~ars, and will continue to be rapid 
because of the presence of very large numbsrs of children in Dominican society. Thirty- 
eight percent of the population is under 15 years of age, which is close to the region's 
high (40 percent in Haiti), which is much higher than i,n the English-speaking Caribbean. 
Crude fertility rates will remain high resulting in unavoi,dably strong population growth for 
several decades to come. The total population currently stands at seven million and is 
estimated to reach nine million by the end of this decade and at least 11 million a 
generation later (see Appendix 7 - Demographic Data). 

There are definite signs, however, that the peak of the population explosion is now past 
and that the country is moving into the ,econd half of the dernoara~hic transition. Annual 
natural growth rates have been declining from 2.7 percent during 1965-80 to 2.2 percent 
during 1980-89; for the 1990s they are projected to fall to 1.8 percent, in line with today's 
rates for upper middle-income countries listed in cross-national data banks. The single 
most important indicator that today's population incraase is coming under control is the 
total fertility rate (TFR) - the average number of children women are expected to have 
over their lifetime. The Dominican TFR decline has bsen more spectacular than almost 
anywhere else in the hemisphere, from 6.9 to 3.6 in one generation (1965 to 1989). But 
further declines will be much more difficult to achieve and it is hard to understanc! how 
the World Bank can predict that a. net reproduction rate of 1.0 will be reached by 2010. 

- - 
- 

ti- =- -- - - 

Population density has risen gradually from 17.9 inh./km2 in 1920 ta 118.5 at the time of 
the last census (1981). At present it can be estimated r ~ t  145 inh./km2. This figura 
compares favorably with values of 260 in Trinidad, 218 in Jamaica and 228 in neighboring 
Haiti. Population pressure on the Dominican side of the island is mounting, but at this 
point is neither catastrophic nor irreversible partly due to emigration to the U.S. (50 
percent of Plan Sierra population in 20 yeat's, 1965-1985). 

Unlike in the case of Puerta RCO, Dominican migration to thle U.S. does not (yet) appear 
to have a very large impact upon population parameters in tlie Dominican Republic. The 
authoritative evaluation of sources and claims wncerning Dominican migration to the U.S. 
(Larson and Sullivan, 1987) proves convincingly that most reported estimates are vastly 
exaggerated by factors between 2.5 and 6. Even if all the Dominican-origin persons in 
the U.S. in 1981 (150,000) had bsen reported to the Dominilcan Republic, the Dominican 
population density for that year v~ould only have been driven up from 118 to 121 inh./km2. 
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5.2 Spatial Trends 

As the majority of Dominicans now live in cities, the level of urbanization has risen by 
close to ten percent every decade for the last three decades. In 1960 the level of 
urbanization was 30 percent, and has risen to 60 percent today. At the same time, Santo 
Domingo has steadily increased Cs share of the urban population, from 40 percenr to 53 
percent. ' If present trends hold, the capital city will grow from its present 2 million to 3.2 
n~illion inhabitants by the year 2000. This will serve to further increase the dominance cs: 
tke capital over all other cities; urban primacy is already high, although not unusually sc 
for small island nations. What is particular in the Dominican Republic is that the 
hypertrophy of the capital has not strangled growth of secondary and regional centers. 
Several secondary and regional 'centers continue to show both demographic and 
economic vitality (the team verified this service center character of growing cities in the 
cases of two provincial centers of agricultural areas, Santiago de 10s Caballeros and 
Oviedo, and two service centers for duty free zones, La Rornana and Barahona) be it as 
service centers for an agricultural region (Santiago de 10s Caballeros, Oviedo) or for duty 
free zones (La Romana, Barahona). 

Internal migration plays a significant role in the growth of Third World cities but this role 
is declining ryther rapidly in the Dominican Republic (as it is throughout the Caribbean). 
Twenty years ago (1960-70) migration accounted directly for 43 percent of the increase 
in the urbanization level, a figure which is now down to 26 percent (1980-90) and can be 
expected to fall fur?her. Indirectly, however, the effect of migration will still be strongly felt 
for a long time since rural-urban migration is strongly selective of the young and females. 
A significant part of the rural fertility potential is thus transferred to cities where children 
born later to migrant women will then be counted as urban natives. Statistics on urban 
birth rates hide !,his indirect contribution of migration and its relative size has so far not 
been measured in the Dominican Republic. 

Overall, there is no true , ural exodus in the Dominican Republic. Population is increasing 
In  most rural areas and the rural population decline is apparent in some provinces in the 
1981 census. This is almost certainly due to changes in survey methodology and 
classification. Small towns and villages are now being classified as "urban" although no 
rural-urban migration has taken place. Despite a shrinking. economic base in some 
regions, there has not been anything resembliirg a generalized flight from the land. It is 
true, however, that a large part of the natural ~~pu la t ion  increase of rural areas is being 
transferred to towns and cities- about 86 percent of the increase by official estimates. 
Since this process involves large numbers of individuzls - 'about 66,000 per year at 
present - it is easy to mistaka it for a demographic expression of rural collapse ("exodus") 
when in fact it is a sign of rural population stability. 
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Net migration is negative almost throughout the country and the directional bias towards 
the capital city dominates all other migration. But there are four exceptions to this trend 
in the 1981 data: (1) Santiago, the second largest province, is holding its own with only 
a negligibie net loss. (2) La Romana and San Pedro de Macoris are gaining population 

- 

from the surrounding provinces. (3) San Cristobal and Monte Plata are stable. Finally, (4) 
- Pedernales has been gaining but this gain involved few individuals and has probably 
- come to an end with the closing of the Alcoa bauxite mine. 
- - 

The following conclusions can be drawil at this point: 

The capital city (Distrito National) is becoming increasingly dominant withgut 
suppressive development in other regions. It not only allobs growth to happen in 

- other regions but appears to stimulate it in the adjacent provinces of San Cristobal, 
Monte Plata and San Pedro de Macoris. - 

• Unlike most countries in the region, the Dominican Republic has at least four 
growth poles outside the capital city. It is possible that the strong development of 
mass tourism in the eighties has added yet another growth pole on the Northern 
coast. 

• Both overall population increase and migration to the capital continue to be strong, - - 
adding scale and urgency to problems generally associated with the ciemographic 
transition. 

5.3 General Socioeconomic Conditions 

The Dominican per =pita GNP has grown by an average of 2.5 percent hetween 1965 
and 1989, a very respectable rate by international standards. Recently, however, the 

- performance has worsened, falling from the 7.0 percent of the 1970's to rnegative rates 
in 1984 and again in 1989 (minus 5 percent). As prices collapsed for the main exports 
(sugar, gold and coffee), the GODR reacted by initiating massive public wc~rks, increased 
foreign debt, and measures causing inflation. The peso declined from 3 to 13 per $US 
between 1986 and 1991. 

Torn between external adjustment policy pressures, electoral promises, international 
recession, urban unrest, and declining rural living standards, the government failed to - implement a coherent long-term strategy for sustainable growth. Tnis has led to 
conditions where its powers to redress the situation are now seriously limited. For the 

- purpose of this study the following effects of recent policies are significant: 
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By letting the prices for imported energy rise in an unprecedented fashion 
(gasoline: 322 percent; diesel fuel: 544 percent since 1986), the quantity of oil 
imports has been brought under control. Annual increases in energy consumption 

- were 11.5 percent in the 1970s as compared to 2.A percent in the 1980s. Over the 
last few years, oil imports have been reduced by 20 percent. But this "victory" - 
comes at a high cost in that demand for charcoal has risen and all hopes of 

- 
substituting propane in most urban households has vanished. Since charcoal is still 
cheap, individual short-term interests are winning the ,battle against deforestation 

, . 
- 

and soil erosion. 
- 

- The combination of massive public sector works and high inflation have redirected 
resources from health and- education towards a capital-intensive construction 
sector. Health levels are not very good by hemispheric standards and probably 
worsening of late, and malnutrition according to some reports, affects nearly half 

- of the Dominican Republic's children. Education levels are also being affected 
'I negatively. Public spending on education has declined from 2.4 percent of Gross 

Domestic Product (GDP) in 1970 to 1.9 percent in 1982 and 1.4 percent in 1989 
(World Bank, 1991). While the private sector has increased its share in schooling 
at all levels, there can be little doubt that long-term investmen: in human resource 
development is suff'ering from misplaced public spending priorities. 

There are many indications that recent policies have acces ~tuated and accelerated 
a process of rural economic stratification which has been observed throughout the 
region. The remov;al of some subsidies, the increase in indirect taxation and the re- 
allocation of government priorities toward free zones, tourism and public 
construction work have all had the effect of worsening the situation of the small 
peasantry. Orre eikc! has been the inability of the rural sector to absorb most of 
its natural populat.ion increase. Another effect has been the increased polarization 
between small ant! large landholdings. Between 1971 and 1981, the average 
smallholding (be5ow 80 tar.) .size declined by 31 percent while the average large 

I holding (above 8,000 tar.) size increased by 18 percent (Sanchez Roa, 1989). 

While rural adaptation to scarcity causes more soil erosion, urban adaptation results 
principally in lower levels of social development. Despite a relatively high level of 
urbanization compared to the region, the Dominican Republic has on average low values 
for caloric intake (2,357) and life expectancy (67); many professional observers think that 
the poorest third of the population is no better off today than it was ten years ago. The 
soil erosion impact of poverty is quantitatively less significant in urban than in rural areas, 
but it is not negligible. Dsep gullies and ravines and eroding walkways and foundations 
are common sights in the poverty belts of Santo Domingo and other cities. 
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Public investment strategies, rapid urbanization, the constant burden of external debt, and 
high energy prices make it unlikely that the rural sector could recover significantly in the 
foreseeable Mure. There shall thus be more rural poverty and more migration into the 
poverty belt of Santc Domingo. For the increasing number of families living under these 
conditions, there are few options. Basically, risk avoidance and short-term survival 
assume the highest priority, while long-term investment in human resources, agricultural 
modernization, and the preservation of the land resource can receive attention only once 
basic survival needs have been satisfied. The collective long-term interest is thus being 
ignored. It is not clear that the State is up to the task of preserving it. 

5.4 Trends in Demand for Water and Water-Related Resources 

Water demand for irrigation and industrial uses is discussed in other sections of this 
report. &s far as drinking water is concerned, the following population-driven estimates 
can be given: 

Table 3. Estimation of Demand for Water as a Function of Population Increase, 1980 
to 2000 

TR&D. Inc. 
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1980 1990 2000 

POPULATION (in millions) 

Rural 

Distrito Nacional 

Other Urban 

Total 

DRINKING WATER (in million 
'  ear) 

Rural 
- - -  

Distrito Nacional 

Other Urban 

Total 

2.42 

1.54 

1.58 

5.54 

2.63 

2.41 

2.13 

7.17 

2.76 

3.64 

3.12 

9.52 

- -- 60.53 - 
464.59 

284.79 

809.91 
4 

-- 

26.50 

191.1 1 

1 15.34 

332.95 

28.80 

299.08 

155.49 

483.37 
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Information to Table 3. (con'+) 

Notes: - Population figures and projections are ~ i s s b n  estimates based on 
annual growth rates 1990-2000 of 0.5 percent (Rural population 
increase, the difference between natural increase and migration), 
2.88 percent (Total) and 4.2 percent (Distrito Nacional). 

- Water demand is based upon estimates in Tahal(1983) expressed 
in liters: 

Rural 30 40 60 
Distrito Nacional 340 340 345 
Other Urban 200 200 250 

The above estimates and projections are based on linear extrapolations of current needs. 
While they appear to be weighted for changing socioeconomic stratification (T'ahal, 1983) 
they do not distinguish between need satisfied and need unmet. Most of the population 
of the Distrito Nacional use only a fraction of the UNDP-inspired standard of 340 I/day 
and that most of the rural population make do with much less than the assumod 30 I/day. 

Access to safe drinking water is severely restricted. Although all of the 133 urban 
communities have central drinking water systems, most of the urban population has no 
direct access to piped water. Most of the 8,615 rural communities are not connected to 
water mains (World Bank, 1991). Where there is direct or indirect access to piped water, 
there are frequent interruptions of supply and most of the water is seriously contaminated. 
Even such a significant user as the Free Trade Zone of Barahona receives piped water 
for only 90 minutes per day. The installation of powerful suction pumps by some private, 
institutional and industrial users increases social inequalities and a popular sense of 
injustice. Incidents of water dots comparable to the food riots of past years have been 
reported as recenlly as December, 1991. . 
The inadequacy of drinking water supply is due in some large measure to leakage. A 
frequently advanced estimate is that only 60 percent of water pumped is actually 
distributed to end users. While many of the pipe leaks are due to inadequate 
maintenance, outright scbotage and water theft are not uncommon, especially in the 
poorer barrios of Santo Domingo. 

As the capital city approaches a population of three million, twol thirds of which live in 
slums and barrios of high density, water related resource problems are becoming 
increasingly serious. Piping infrastructure for drinking water, and drainage, the storm 
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drainage system and waste removal services demand attendance if major epidemics of 
water-carried diseases are to be avoided. Demand for water and water-related resources 
can thus be expected to rise at a much faster pace than the simple linear progression of 
the urban population would suggest. 

Even with the expansion of Valdesia to a three dam system (nearing completion) and the 
project increase of water transported from there to Santo Domingo via the aqueduct (from 
the present 3m3/s to 6m3/s) the supply of potable water will still be insufficient, even 
grossly inadequate by UNDP standards. 
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6.0 SUMMARY OF RURAL ACTIVITIES AND PROBLEMS AFFECTING WATER AND 
RELATED RESOURCES 

6.1 Forest~v Activities 

6.1 .I. General Description of Forestry Problem 

Deforestation is recognized as the number one cause of multiple problems affecting 
natural resources, especially water and soils,: in the Dominican Republic. Its causes 
include accelerated exploitation' beyond sustainable yields of. natural forests for wood, 
firewood, and charcaal, without compensatory reforestation. Another key factor is the 
clearing of forests for agriculture, cattle, and slash-and-burn, often on lands ill-suited for 
agriculture and pasture. 

According to FA0 statistics, in 19\70,80 percent of the national territory was covered with 
forests, in 1940 forest coverage was 69 percent, and by 1967,.the percentage had 
dropped to 26 percent. Forest coverage is currently estimated to be at 20 percent. As 
land classifications have determined forests to be the optimal use of approximately 55 
percent of national territory, it can be presumed that 35 percent of the land is bsing 
misused and undergoing erosion and desertification, with consequent . . negative impacts 
on the water and soil resources. 

In the 1960s coniferous and broadleaf forests were disappearing at such an alarming rate 
due to industrial exploitation, that by 1968 it was declared illegal to cut in these forests. 
The dry forest, considered as one of the most fragile ecosystems, has also suffered. 
Species composition has permanently shifted, with a loss of many of the principal, and 
more valuable, species for timber, firewood, and charcoal (CONATEF, 1991). 

It has been difficult to control all cutting, as firewood and charcoal still constitute the 
principal fuel in 70 percent of Domislican homes. Most persons do not have the incomes 
to purchase alternative fuels, even if they were available. In fact, cutting for firewood or 
charcoal is now considered the principal ba~jse of deforestation in rural areas. 
Christiansen (1987) estimates annual requirements of about 4,090,000 M ~ ,  distributed as 
follows: 175,000 M~ in industrial firewood; 1,305,000 M~ in domestic firewood; and 
2,610,000 M~ for charcoal production. Approximately 30 percent of the country's total 
energy requirements are met by sources of vegetative origin. 

There are no reliable records of forest use for commercial and domestic purposes, since 
commercial use is illegal. The lack of data does not allow an accurate evaluation of the 
sector and its contribution to the country's economy, or ' to rates of deforestation. 
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According to Christiansen (1987), the requirements for serrated wood in 1987 was 
250,000 M ~ ,  almost completely imported from the United States, Chile, and Brazil. 
Existing standing timber of 800,000 M~ (on the existing 6,000 commercial hectares), plus 
an additional 52,000 new hectares, would be required to substitute wood imports with the 
country's forests under forest management (Pinus occidentalis and Pinus caribaea). 

CONATEF (FAO\UNDP, 1987) estimates the loss of tropical forest at 20,000 ha per year, 
and the area affected annually by firewood and charcoal extraction at 60,000 ha. If this 
use and destruction rate continues, it is expected that natural forests wilklbe depleted in 
10 to 25 years. 

6.1.2. impacts and Costs of Forestry Problems 

Deforestation produces some of the most extensive and cascading negative 
environmental impacts affecting physiography and soils, hydrological c;ycles and 
resources, climate and air quality, and biological resources (fish, wildlife, and conservation 
areas). The following is a listing of negative impacts by sector. 

6.1.2.1 Im~acts on Phvsio~raphv and Soils 

Instability of slopes, beds, and banks of rivers, lakes, and coastal areas. 
Laminar erosion, in furrows and ditches. 
Loss of nutrients and organic matter. 
Decline or alteration of micro-flora or micro-fauna. 
Decline in cation exchange capacity. 
Soil compacting. 
Laterization. 

These primary impacts on soils in turn have a multitude of secondary, environmental 
impacts. If the land is put into inappropriate use, a large proportion, or even total loss, 
of the productive potential of that land can ensue. This decreases the availability of 
productive land, and can generate rural unemployment, cause intensification of use on 
remaining land (furthering increasing erosion or contamination), and raise production 
costs on remaining lands. Deforestation of lands with a high forestry potential may also 
carry an opportunity cost compared to that which could be derived from sustainable 
forestry practices. 

The increased erosion caused by deforestation and improper land use increases turbidity 
and sediment loads in ri\.ars and streams which leads to a more rapid sedimentation rate 
of dams, irrigation works, navigable waterways, and ports, increasing maintenance costs 
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and shortening useful life. Large increases in turbidity, or too heavy of a sediment load, 
can increase eutrophication, destabilize river banks, and alter or destroy riverine and 
coastal ecosystems. lncreased sediment loads also increases the scouring and 
destructive power of water, and can lead to damage of other infrastructure, such as 
roads. The situation is so critical in Haiti at the moment that sediments are overloading 
storm drainage structures and covering' roads (blocking traffic for hours) after storms. 

6.1.2.2 lm~acts on Hvdroloaical Cvcles and Resources 

Decrease in infiltration and the charge of underground water sources (aquifers). 
Increase of superficial runoff, i.e. the proportion of rainfall running overground 
directly into low-lying areas, rivers, or streams, rather than being absorbed by soils. 
lncrease in the velocity of runoff and the magnitude of peak flows. 
Decrease of the uniformity of stream flow, or increase in the seasonality and 
magnitude of oscillations of stream flow volumes and rates. 
lncreased flooding. 
lncrease in the swamping and standing of water after rainfalls. 

As water is one of the most basic substances to life, the impacts of deforestation on 
hydrological cycles is probably one of the most serious. Secondary impacts include 
possible alteration or destruction of riverine or coastal ecosystems. As most aquatic 
animals and plants are adapted to certain conditions of water flow, turbidity, salinity, and 
seasonal volume, all are affected by changes in the hydrological cycle. It can be 
expected that deforestation would. have far reaching effects on aquatic communities. 
Destruction or degradation of aquatic habitat would in turn impact artesinal and 
commercial freshwater and coastal fisheries. 

lncreased oscillations in the seasonality of flow rates also affects human consumption and 
those economic activities that depend on a more reliable water source. This would 
include irrigation, hydroelectric generation, industrial and domestic consumption. The 
,complete or seasonal drying up of streams and the decrease of aquifer recharge may 
necessitate the construction of dams or other water storage facilities, and water 
conveyance facilities, sometimes at great economic cost. 

lncreased flooding can inflict heavy economic losses and tolls in human death and 
suffering. Floods destroy homes, irrigation infrastruclrture, agricultural crops, roads, and 
many other fruits of human activity. Floods also halve a greater power to carry heavy 
sediment loads, and therefore can rapidly bury coastal ecosystems or fill reservoirs 
behind dams (e.g., the Valdesia Dam in 1979, due to hurricane David and tropical storm 
Frederick). The Dominican Republic is already prone to floods from tropical storms arrd 
hurricanes, which can be formidable forces of destruction as well. 
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6.1 2.3 lm~acts on Climate and Air Quality 

• Increase in temperatures near to the land. 
• Local and regional desiccation of climate. 
rn Release of dust, smoke, and CO, from the burning of vegetative matter. 
• Decreased consumption of CO, from decreased photosynthesis. 

The foremost negative effect has to do with undesired changes in local and regional 
micro-climates, and the possible changes in global climate (earth warming) brought on 
by increases in CO,. Changes in local and regional micro-climates can affect community 
structure of local ecosystems and farming. 

6.1.2.4 lm~acts on Bioloaical Conservation, Wildlife and Fishinq 

Possible impacts could include the following: 

Elimination of threatened or endangered species, leading to possible extinction. 
Damage or elimination of nests and lodging trees. 
Elimination of feeding or breeding areas. 
Damage or destruction of aquatic spawning or nursery areas, as well as sea-bed 
organisms (benthos). 
Displacemer~t of wildlife by noise and human presence, resulting in crowding and 
increased competition to wildlife populations in forests not yet exploited. 
Elimination of rare and endemic species. 
Increases in noxious animals, plagues, or disease vectors. 
Damage to existing conservation areas: parks, reserves, protected areas directly, 
or indirectly by affecting the buffer zone of these areas. 
Invasion of protected areas with vague legal status or poorly marked limits. 
Damage or destruction of areas with conservation value, and perhaps lander study 
for protection, but not yet protected. 

6.2. Crop Production 

6.2.1 Soil Erosion and Depletion 

The agricultural sector of the national economy has lost some of its relative importance 
over the last several decades, but that loss has not diminished the pressures on the soil, 
water, and forest resources. There appears to be an increasing deterioration of b7e upper 
watersheds, especialiy in terms of very high rates of soil erosion. Additionally, irrigated 
areas are suffering diminished soil productivity from water-logging of soils, increasing 
salinity, and loss of soil structure (USAID, 1990). 
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A large percentage of the country's beans (approximately 80 percent) and tubers are 
grown on mountainous lands. The greatest long-term negative impact of agricultural 
production on these steep lands is the loss of soil (and subsequently soil productivity) 
through water erosioin. A reduction in soil productivity would adversely affect food price 
stability and the nutritional intake of rural farmers. 

In upper watersheds, uncontrolled/unauthorized colonization of public lands has taken 
place over the years. The resulting land uses arr3 subsistence agriculture, wood 
harvesting fctr domestic needs. (fuel .wood and construction wood), and uncontrolled 
grazing. This; situatio~n results in negative effects on water flow and quality. Governmental 
regulations are in place to regulate rural colonization and land uses, but enforcement is 
lacking. The task of increasing food production to feed a growing population and 
modifying/regulating crops grown on steep marginal lands is difficult. One of the main 
objectives of the Government is to increase food production to feed a growing population 
and to reduce the levc3l of expensive food imports. An increase of agricultural productivity 
and an increase in the acreage under cultivation will both be necessary over the 
long-term. 

Traditional slope farming practices do not include protection of soils against strong and 
prolonged rainf3lls which is common in most of the mountainous areas and most densely 
inhabited of the country. The eroded soils of these slopes are taken downward by the 
waters and deposited in water currents to be taken further to the artificial basins and 
coastal estuaries. Here they generate a negative impact on the useful life of hydraulic 
works and marine environments. 

In recent years beef cattle production activities have decreased in the norther coastal 
zorid. The area is currently experiencing accelerated tourist development which has 
stiffelled competition for labor and other resources. However, in the area near Puerto 
Plata, dairy farms have been increasing because of improved marketing opportunities. 

The Northwest Line is not as important as other livestock zones. Livestock activity in this 
zone is carried out by small and medium producers who manage dual purpose 
production systems and semi-intensive dairy farms (usually in cooperation). By-products 
from crops are used to improve the diet of dairy cows. CODAL-NESTLE has 
approximately 14 milk reception canters to buy an estimated production of 80,000 [/day. 

The most intensively managed and productive cattle farms are in the southern and 
southwest zones. Production is oriented towards dairy products in very specialized units. 
Particularly high technological levels have been reached in the areas of Ban1 and San 
Cristobal. In these units, cows are confined and industrial by-products, crop residues and 
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fed stuff are provided to guarantee a balanced diet. The cows with the highest genetic 
potential are also raised on these farms. 

6.2.2. Overuse of Pesticides 

General Descri~tion 

The country's recent reduced per capita GNP growth rate (from seven percent growth in 
the 1970s to 2.5 percent in the 1980s with two years of negative growth)!-is in large part 
due to the collapse of the world price of primary products such as sugar and coffee. The 
GODR has responded by encouraging crop diversification (since the late 1970s) including 
high-value fresh vegetable crops for the U.S. and other developed country markets 
(USAID, 1990). 

New crops demanded new technology that was not readily available in the country. Of 
partleular importance was increased pesticides use. In addition to new pests, the use of 
larger quantities of pesticides was required to be able to market unblemished produce as 
demanded by consumers. Regulations on the levels of pesticide residues are very strict 
in BECD countries. In 1985, some of the growers seeking new market and product 
alternatives organized themselves in the Junta Agroempresarial de Consultoria y 
Coinversi6n (JACC). Itss mission was to kcilitate access to new markets as well as 
introduce the technology required for the successful export of the new fresh vegetables 
products. Although JACC operates in other areas such as aquaculture, forestry, and . 

livestock enterprises the agricultural component is by far its largest. 

Initially Dominican growers did not pay enough attention to the level of residues that 
accumulated i l r  the crops. The utilization of the products was at first encouraged by their 
price. When the Dominican Peso started to lose value in relation to the US Dollar, imports 
of pesticides was based at the official rate of 1:l. This situation continued until 1982 
when the government decided that pesticides import costs should be based .on the 
Parallel exchange rate that was then approximately 1.6 Dominican Pesos. per US Dollar. 
In others words, there was then a subsidy on the price of pesticides in-.the order of 60 
percent. Furthermore, there were no import duties on pesticides. The low price of 
pesticides encouraged their utilization in spite of the local efforts to work with the safer 
integrated pest management (IPM) approach. 

An area where the problem of pesticide abuse has been particularly intense is the 
Constanza Valley (Gbmez, 1991). This is a relatively high valley where dominant crops 
include several kinds of fresh vegetables, potatoes, garlic, and flowers. Other areas 
affected by the applications of high pesticides rates include Azua, and San Juan. Tho 
Azua area also produces fresh vegetables such as tomatoes and melons. 
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Currently there are efforts under way to rationalize the use of pesticides in the areas that 
produce fresh vegetables products. The [nost important one is the IPM program that is 
being supported by lJSAID/Dominican Republic. This is a joint effort of the JACC, the 
Plant Protection Departmont of the Ministry of Agriculture, and the Foundation for 
Agricultural Development. This project started in 1990, and is already doing applied 
research and extension at a national level. The program has a total of 11 agronomists 
and entomologists who operate through a national ofice in3anto Domingo and three 
regional offices in Azua, and La Vega y Santiago. In addition to the IPM program, JAG@ 
is currently working on the development and astablishment of a modern laboratory that 
is going to provide a pre-certification service for export oriented products. 

6.2.2.2. lm~acts and Costs 

Pesticides can pose a health hazard to all forms of life. Excessive and careless 
application of these agents can result in serious losses and costs. In the Dominican 
Republic this problem has already cost the country potential earning because vegetable 
crops failed to meet pesticide residue standards of OECD countries. 

In addition to the presenca of pesticides residues, a new thripid pest (Thrips palmi 
Karni), was partially responsible for the stopping of Dominican prodl~cts in the US market 
(Alvarez, personal communication'). The same source indicated that 1,496 shipments 
were rejected in 1989. This figure represented 80 perc13nt cf the annual production with 
an estimated loss of $16 to $20 million US dollars. 

Agricultural biocides: insecticides, herbicides, and fungicides, applied to irrigated crops 
may also reach water supplies. Biocides may be washed from the plant, leached from 
soils, or reach supplies directly through aerial spraying, accidental spills, or the washing 
of equipment. 

Biocides vary in their potential impacts on the environmental and human health. Biocidels 
,that break down quickly generally present less of a problem than those which persist far 
years or even decades. Persistent biocides which enter the aquatic environrr~ent are 
known to concentrate in living tissue as it moves up the food chain from smaller to larger 
organisms. Soil fauna necessary for healthy soils can ,be permanently altered or 
destroyed through persistent use of biocides (Webb, 1991). 

1 Porfiro Alvarez is the head of the IPM project that has been implemented jointly by JACC, Plant 
Protection from the Mlnistry of Agriculture, and the Agricultural Development Foundation (ADF). The project 
is being executed with USAID/DR PL-480 funds. 
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6.2.3.1 General Descri~tion 

According to INDRHI (1987) an area of 250,000 ha is under irrigation, mostly in the 
regions or' Yaque del Norte (39 percent), Yuna (16 percent) and Yaque del Sur (13 
percent). The irrigated surfaces presently benefit 58,000 producers who own farms of 
four hectares on average and utilize 45 per cent of the area potentially irrigable, estimated 
to be around 552,000 ha. T ie  volume of water consumed in agricultural activities is 
estimated to be around 2,500 ~ n ? ,  for an average endowment of 10,000 .~~/ha/year. 

Approximately 250,000 hectares is devoted to fruit and vegetable pmduction. A ma!or 
agricultural crop for local consumption that requires irrigation is rice. Major issues and 
concerns with rice production are poor water management and the salinization of 
semi-arid zones. An additiofial 300,800 hectares could be brought under agricultural 
production through irrigation. A constraint on irrigated lands, and potential irrigated lands, 
is deforestation in mountainous areas and the attendant sedimentation of irrigation works. 

Most of the irrigation projects are a sub-ploduct of the hydroelectric developments and 
do not make efficient use of the constructed infrastructure and in the maintenance of the 
system. In addition, the irrigators lack organization and training in irrigation management. 
Furthermore, user fees are insufficient to cover operation, maintenance, and conservation 
costs of the irrigation districts. Only 25 percent of irrigation waters are estimated to be 
consumed by crops; the rest filters, evaporates and/or drains directly into drainage 
systems (Webb). 

6.2.3.2 Impacts and Costs 

Depending in the soils, the crop, and management and type of irrigation, up to 60 percent 
or more of the water applied to crops rnay reenter water supply through artificial drainage 
or percolation to the groundwater. Of course, tCle quality of the unconsumed water is 
significantly altered. 

Sufficient water applied to the soil is able to leach the salts formed there out of the root 
zones into the surface drainage or groundwater. Flood irrigation, in particular, can add 
soluble salts, or decrease the salinity of water supplies if local conditions are appropriate 
(low rainfall, salty soils or parent material). 

High slat or mineral content of water can negatively affect downstroam riverine ecology 
as many species are only tolerant of a certain range of osmotic pressure. High mineral 
content can also negatively affect water quality for downstream domestic, industrial, or 
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particularly further agricultural use. The mineral content of irrigation drainage water 
ranges from two to tor1 times greater than incoming irrigation water. Each successive use 
for irrigation1 can further concentrate salts until the water is useless for further irrigation 
and cannot support life '(VVebb, 1991). 

Livestock procluction is one .the most important agricultural activities in the Dominican 
Rspublic. It utilizes .almost 50 percent of the total area dedicatod to agriculture, 
approximately 1,200,OGO ha. In this area there are some 2,000,000 head of cattle, of 
which 700,000 are reproductive cows. A survey conducted by PRODELESTE (Proyecto 
de Desarrollo Ltxhero del Este of PNUD/FAO) in 1990 indicated that 76 percent of the 
producers are dedicated to dual purpose (beef and diary), 26 percent produce only beef 
cattle, and 4 percent have specialized dairy farms. The whole activity pr7duces 
;;lpproximately 30C1,000,000 liters of milk and 30,900,000 pounds of beef. In addition, it 
provides protein (meat and milk) to the population and raw materials for both dairy 
industry (milk processing) and tanneries producing leather used in the production of other 
goods. 

Productivity and intensity sf the livestock activity in the Dominican Republic is comparable 
to that of other cattle producing countries with similar resources. Currently, 40 percent 
of ths eiea is under improved pastures, the rest are arcas of native pastures with trees 
and shrubs in different stages of plant succession. Average stocking rate is 1.2 animal 
units (AU)/ha. Average meat production is approximately 170-200 kg/ha/year (RD$ 
21 00-2300 ha/year). 

Semi-intensive dairy farms is the dominant production system in the central Cibao zone. 
There are also abundai~i byproducts from crop production (e.g., green pigeon pens, 
gugar cane) and industries (e.q., malt for breweries) that are commonly used for 
supplemental feeding. The zone also,.mntains several milk reception centers (centros de 
acopio) of the CODAL-NESTLE milk.processing plant located in Santiago which facilitates 
marketing of milk. In the Eastern flatlands, the most important production system is dual 
purpose, but specialized beef cattle is also important. 
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6.3.2 Activities Impacting Water and Natural Resources 

6.3.2.1 Overgrazing 

Livestock producers and technicians working in extension programs have a good idea 
of the recommended stocking rates for the area they are working on. However, due to 
normal weather variability - mainly precipitation - annual and seasonal variations in forage 
production and availability are common. During dry years, adjustments in stock rates are 
necessary to avoid overgrazing and consequent deterioratinrl of pastures. Part of the 
problem that leads to site deterioration is that even though the ranchers might recognize 
they are in a dry year they do not have a system to really evaluate how much impact the 
drought is going to have. Furthermore, there are few alternatives and the pressure 
continues on a site that has less than enough forage supply. The result is overgrazing. 

Over grazing reduces both the foiiar and basal cover and eventually alters the hydrologic 
condition of the soil. Less cover exposes more bare ground to trampling, which in turn 
increases soil bulk density and reduces infiltration. The final result is then an increas3d 
potential erosivity of soils due to overgrazing. Overgrazing was observed in the North 
Eastern and the North coasts as well as in the North West line. According to technicians 
from PRODELESTE there have been two consecutive dry years. Erosion and later 
sediment transport from overgrazed areas are partially responsible for the color observed 
in the waters of these areas. 

Establishment of Improved Pastures 

Establishment of new pastures is similar to establishing new crops. Planting and fertilizer 
application follows intensive plowing of the soil (most sites are plowed three times). 
Erosion is enhanced by the fact that this activity takes place during the rainy season. 
Environmental impact is larger when the sites h ~ v e  significant slope and major 
precipitation events occur. 

* 

Impact on coastal resources and estuarine species reaches a peak where part of the 
mangrove areas have been converted to forage production. In those cases loss of the 
mangrove also means loss of its environmental services, the buffering effect on the 
coastline and production of organic matter. 
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6.3.2.3 Fencinq 

Fence building and maintenance exert an important pressure on forest resources in 
livestock producing areas. Fencing requires a post every 3.4 yards and a "mother post" 
every 20 to 25 yards. Lack of incentives and guarantee of resource accessibility prevent 
post production for fence buildirlg and maintenance from becoming an activity more in 
balance with the local potential for forest to produce them. 

6.3.3 Status of Rangeland Resources 

Eastern Flatlands 

There are few problems of resource degradation from livestock production in the Eastern 
Flatlands. However, in Monte Plata and Bayaguana the situation is different. Specialized, 
semi-intensive dairy farms are common in these two areas. They are located in the 
Subtri.7pical Wet Forest life zone, with annual precipitation of 1600-2000 mm per year. 
Soils are poor, mostly shallow to very shallow ultisols with steep slopes which makes 
them highly erodible. During a trip to this area severe degradation of soil resources was 
observed. Top soil was practically nonexistent in some areas, and severe gully erosion 
was observed. 

Northeastern Coastal Zone 

The current livestock management system in the northeastern coastal zone is not 
compatible with the utilization of natural resources under a holistic approach. The 
combination of heavy rainfall and shallow soils with livestock production in steep slopes 
of this zone is likely to produce severe soil erosion. The problem is aggravated by the 
conversion of wetlands and mangroves in the coast line to improved pastures. Water of 
the rivers discharging in this area were dark-brown during the visit to this zone, indicating 
it was transporting considerable amounts of sediments. The impact of those sediments 
in the ocean was evident in thr increased turbidity and color of the ocean water near this 
coast. 

Northern Coastal Zone 

In the Northern Coastal zone, areas with steep slopes and shallow soils of slow 
permeability are being used. This activity needs to be carefully evaluated because it has 
potential to produce undesirable impacts on coastal resources and tourism. 
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The Government owns and operates two marble quarries in the Samana Peninsula and 
a magnetite ore reserve in Manzanillo Bay. The Government i.s conducting oil exploration 
drilling in the south insular platform and northern offshore banks. 

Sand, gravel and sandstone are extracted from many Dominican rivers. This activity is 
mostly concentrated at the mouth of the Nigua river basin with apparent disregard for 
habitat sad coastal degradation. Other areas damaged by sand extraction are Playa 
Estero, Juan Esteban, and Cuello y Cuello. Dune sand extraction occurs in Las Dunas 
of Caldera Bani. ~espite acknowledgement of the problem and the establishment of a 
coordinating group, dune destruction has continued although with less intensity. Marine 
salt extraction through evaporation occurs in the Monte Cristi area near Lagunas de 
Marigo, Salina and Piedra and near Las Salinas in the Bahla Las Calderas. 

6.5. Hvdroelectrical Energy Production 

6.5.1. Gonera! Doscription of Problem 

The high cost of oil has caused the government to sxplore the possibility of substituting 
hydroelectrical power to generate electricity. The Dominican Republic produces neither 
oil, gas, nor coal, and its hydroelectrical potential is limited. Only 28.9 percent of energy 
requirements are satisfied with vegetable fuels (firewood, sugar-cane bagasse, charcoal); 
64.9 percent with oil by-products; 2.2 percent with coal; and 4.0 percent with hydropower. 

Eighty-nine percent of the electric energy supply comes from the Corporaci6n Dorninicana 
de Electricidad (CDE) and Falconbridge Dorninicana (private mining enterprise), and 11 
percent from Consejo Estatal del Az~icar (CEA). This energy is basically thermic with 22 
percent generated in coal plants, 64 percent with liquid fuels and 18 percent in 
hydroelectric plants. However, the energy supplied is not enough to cover current 
requirements. This results in permanent daily rationing with sudden cuts of electricity to 
industry, business, and homes. Most use emergency generators with a consequent 

6 \ 

increase in the hydrocarboil requirements. 

The electric energy requirements of the country are estimated at around 900 to 1,000 mw 
and thj production is around 500 to 550 MW in average, with a maximum of 700 to 750 
MW in optimal situations. This creates a deficit of about 400,mw, which cannot be easily 
overcome (Santos Cayado, personal communication). 
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It can be estimated, from studies of the projected and constructed dams for the 
generation of hydroelectric energy, that at present there is a current hydroelectric capacity 
of 216 MW. Fourteen new projects are being studied to increase the installed capacity 
to 480 MW/year. 

6.5.2 Impacts and Costs 

Dams can have impacts upon physical and hydrological conditions, land use patterns, as 
well as local flora and fauna. Dams reduce river flow downstream which can impact 
navigation , cultivation, drinking water supplies as well as the physical configuration of the 
coastline or river deltas. Dams trap sediment and silt which reduces deposition 
downstream which affects adjoining land. Eutrophication is an un-intended consequence 
of dam building which can increase weed growth and BD loads. The reservoir creates 
a large body of water which changes local temperatures, increases evaporation, and 
effects the entire water cycle for the river valley. 

The dam itself and the reservoir cover a large area of land. People who lived and farmed 
that land will be relocated onto, areas not previously used. This could exacerbate soil 
erosion, overgrazing, and deforestation. This can also lead to species loss ~f flora. 

6.5.3 Importance of Watersheds 

The deforestation of watersheds has had a severe impact on water resources which has 
largely taken four forms: a dryer, hotter micro-climate and more erratic rainfall patterns, 
greater disparity in seasonal river flows, increased sedimentation of river beds and 
infrastructure works, and increased flooding. 

Clear cutting of a forest immediately causes the micro-climate to become dryer (due to 
loss of evapotranspiration from the plants) and hotter (due to the change in the albedo 
of the earth's surface). With less evapotranspiration and hotter temperatures, the 
mountainsides are no longer a place of intensive cloud formation and bursting (as the 
clouds lift the temperatures drop). The result is that the rains seem to be condensed into 
one short period instead of evenly throughout the season. All contributing causes have 
not been determined. 

Deforestation of watersheds compound more erratic rainfall patterns to produce greater 
disparity in seasonal river flows. Forested watersheds have a much greater water 
retention capacity than non-forested ones. Forested watersheds will break the fall of rain 
and allow it to slowly absorb into the soils around the root zones for ground water. This 
water slowly feeds the rivers and streams, moderating the effacts of erratic or seasonal 
rainfall. 
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Another result of lack of tree cover and incr3ased velocity of surface run off Ts the 
increased capacity of the water to carry sediizents, not only a greater volume but also 
larger sizes. As such, the maintenance costs and life span of downstream development 
projects such as dams and irrigation systems are adversely affected. 

Increased sedimentation cat: also cause river beds to rise in many valley bottoms. The 
combination of increased volumes of water and reduced capacity of the river bed to 
contain water leads to increased flooding. 

A recent study of all watersheds was wr ied  out by the TFAP (FAO\UNDP, 1987) and 
ranked in their order of importance for intervention based on indicators such as level of 
forest coverage, population density;, hydroeledric energy production, irrigation, and the 
areas of possible reforestation. The study concluded that the regions of Yaque del Norte, 
Yaque del Sur and Ocoa-Nizao were in greatest need of comprehensive watershed 
management. 

The Inter-American Development Bank has funded a feasibility study for the "Plan de 
Manejo de la Subcuenca del Rio Baa" (Management Plan for the Sub-watershed of Rio 
Bao), which is part of the Yaque del Norte river system. The hydroelectric dam of Tavera- 
Bao is the oldest in the country and has one of the biggest sedimentation problems. This 
Plan will be finished in July, 1992, and will become the first comprehensive management 
plan of a sub-watershed in the Dominican Republic. 

A similar water management plan will soon be required for the Nizao River due to thrm 
competing demands for the river's water. An aqueduct whose source is the Valdesia 
Dam is currently supplying three m3 per second of drinking water to Santo Domingo and 
is planned to supply six m3 per second. The dam also supplies the Bani area irrigation 
system (18,750 hectares). The Jiguey dam and the Aquacata dam are currently being 
constructed in the Nizao river's higher watershed and will complement the Valdesia dam's 
hydroelectrical generation capacity. As a result, overall water volume demands, as well 
,as conflicting demands (water storage for year-round irrigation versus constant water flow 
for hydroelectric needs and potable water for the capital city) will make management of 
the Nizao water resources both essential and difficult (Overseas Development 
Administration). 
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7.0 SUMMARY OF URBAN ACTIVITIES AND PROBLEMS AFFECTING WATER AND 
WATER-REIATEQ RESOURCES 

7.1 Urban Growth and Activit~ 

Urbanization in the Dominican Republic has progressed at a rate much faster than the 
provision of services and infrastructure in all but a few locations. While successive 
governments since 1965 have invested large sums in the construction of streets, water . 
systems, and public housing, there are more urban residents today who do not benefit 
from such investments than ever before. Even the consumption of energy has not kept 
up with urban growth. While per capita consumption almost tripled since 1965 (World 
Bank, 1991), the urban population more than quadrupled. As public sector services are 
falling behind, the private sector has expanded greatly in some areas. For example, most 
education at all levels in Santo Domingo is now provided by private institutions. Most 
water-related services, however, are in the hands of state and parastatal agencies, with 
the exception of the retail sale of bottled drinking water. 

Two types of urban development, Free Trade Zones (FEs) and tourism, have both 
prompted and absorbed much of the urban investment since 1965. In 1988, the 25 Free 
Trade Zones directly provided five percent of ?he employment of the economica!ly active 
population, and seven percent of foreign exchange (Dauhajre et at., 1989). The FlZs 
provide modern, formal sector employment to a predominantly female labor force. 
Because the cost of operating a factory of comparable cize and type in the Dominican 
Republic C-TZ is the lowest anywhere among the 23 countries covered by the Caribbean 
Basin Initiative (Dauhajre et al., 1989), growth continued to rapidly expand (by 22 
percent), even during 1990 when most of the economy was declining. Critical analysis 
by social scientists has highlighted negative aspects of FL! employment (Corten, 1985; 
Duarte, 1986; 1980), however, given the alternatives, both the government and the 
population consider employment in FTZs highly desirable. 

m workers live in households which differ signlcantly from national averages in size, 
education levels and consumption patterns. Taking an average household size of 4.9, 
their incomes help to support no fewer than 500,000 urban residents, most of them 
outside of Santo Domingo. Since most of the workers are migrants (Duarte, 1986) it can 
be assumed that FTZs are the principal reason for the continued vitality of urban centers 
outside the capital city. Urban problems of water supply, drainage and pollution are thus 
decentralized and demand action in two dozen distinct locations and local political 
structures. While the industrial activities of FlZs appear to have few water-related 
problems, their role in urban demographic growlh most certainly does increase the 
magnitude of such problems in existing cities. 
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The recent expansion of tourism has been as spectacular as that of the mZs. Foreign 
visitors have increased from 63,000 in 1970 to 1.6 Million in 1990. Installed capacity has 
grown from 1,305 to over 20,000 hotel beds in the same period, and tourism receipts 
have risen from US$ 16 Million to US$ 750 Million constituting 30.4 percent of foreign 
earnings in 1989. Water-related problems of tourist developments are not limited to the 
large quantities of water used by the hotels during periods of high occupancy, but include 
those of expanding settlements of employees and their families in previously pristine 
areas. Some of these settlements are dense, informal, and polluted, while others benefit 
from publicly subsidized housing developments (e.g., in the Puerto Plata - Sosua region). 

As in the case of other urban growth the principle long-term water-related impact of 
tourism may well be indirect. (Table A4). Expanding urban populations with attendant 
increased demand and investment has exacerbated the urban bias of most Third World 
policies and economies. Urban bias increases rural poverty which in turn is linked to the 
destruction of the hillsides. Large increases in the number of hotel beds which are 
currently projected, planned, or are being built come at a heavy environmental cost 
ultimately undermining the profitability and sustainability of tourism. 

7.2 Sewaae Manaaement 

Public sewage evacuation and treatment systems exist in only a few municipalities and 
have never been analyzed in detail. Thoy will increasingly become an issue because of 
the frequent overlap of tourist and other' uses of some areas. For example, the location 
of both FlZs and major tourism investments in urban places such as La Romana, Santo 
Domingo, Puerto Plata and Barahona. Because of the magnitude and scale of the 
problems in the capital city, and the paucity of documentation on other areas, this report 
will be limited to the Santo Domingo area. 

Data concerning sewage are collected in the Urban Environment Strategy Paper (Cobb, 
1991) and the Rio Ozama Diagnostic Study (SOGREAH, 1991) and will be summarized 
here. Although some 40 percent of the city's land area is reportedly connected to a 
sewerage system of a total length of 615 km, this system serves only a minority of the 
population. In addition, most piping is inadequate (eight inch diameter) and the four 
treatment plants and five pumping stations work only intermittently. At most, two percent 
of the urban population's waste water is treated. Garbage and industrial waste are 
indiscriminately dumped into this system and further reduce its effectiveness. Most of the 
piped sewage remains untreated and reaches the ocean directly or through the Ozama 
and lsabela rivers. 

Most other sewage is either discharged directly into the rivers and the sea or is left to 
become part of the open-air sewage and storm runoff typical of the poorer barrios. An 
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- 

-- 

- 
= - 

Contaminated water also has a high social cost, particularly on women. Tlie hardship of - 

seeking and carrying potable water, sometimes from long distances, usually falls on 
women or older children. The time and opportunity costs to the family (in terms of lost 

- 

- income) of caring for sick children usually falls disproportionately to women as well. The 
costs of buying bottled water or of filtering water is a chronic factor now adding to the 
operating costs of businesses and families, and is a disproportionate burden to the 
poorer segments of society. 

unknown proportion is taken care of by private septic systems or injected into the aquifer 
by industries and at least one governmental agency. Depth of the aquifer, the availability 
of drilling equipment, and the cost and availability of alternatives are factors which limit 
this practice. - 

- 
- - 
- 
- - 

Given the economic and political outlook of the country the only practical solution which 
- 

- - - addresses both health and environmental concerns may be to provide those two thirds 
of Santo-Domingo's population which liva in the barrios along the Ozama river with non- 
conventional alternatives to the existing system. Such alternatives (Lo., pit latrines, 
composting toilets) can provide significant health benefits at a small fraction of the cost 
of conventional systems (Cobb et al., 1991). While considerable investments would be - 

needed even ia the non-conventional approach they wo~lld be small compared to the 
benefits to the national economy of improving the morbidity and mortality levels of that 
population. Data existing in health statistics and household expenditure suweys (but not 
available to this team) could corroborate the following estimates. If the cost was $100 for 
each of 300,000 households (for a package of (1) individual or community toilet, (2) 
access to drinking water, and (3) participation in solid waste removal, the savings on t 

The cost of building, operating, and maintaining a complete and'adequate sewage system 
for the city is beyond any realistic plan. Such a system would utilize enormous quantities 
of water for the operation of a waterborne collection system, incur high corrstruction costs - in poor soil conditions and street design in densely populated areas, and would have to 

-i maintain considerable annual expenditures on administration and maintenance in a 
political structure which does not lend itself easily to these tasks (see Figure A l l ,  

-1 Appendix 1 for map of sewags disposal in Santo Domingo). 

- 

- 

- 
- - - 

- 

Compared to an ideal system the currerrt way of discharging sewage is cheap in 
municipal-budgetary terms but negatively impacts public health. Water contamination by 
sewage is the main mechanism for the spread of diseases such as cholera, typhoid, 
paratyphoid, gastroenteritis, giardiasis, amoebic dysentery and hepatitis. Should an 
epidemic of any one of these diseases occur it would be uncorrtrollable for a considerable 
amount of time because of the long time lags required to effect major changes in a 
sewage disposal system. 
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treatment of sick children alone could pay for the whole investment within ten years. 
However, taking into account savings in work days of the adult population, a three year 
estimate would not be a particularly optimistic guess, given the enormous opportunity 
cost of high morbidity and low life expectancy. It is clear that such costlbenefit 
guesswork cannot take the place of a much more detailed study of the issue, but it 
should not be dismissed summarily. At least two PVO's listed by our team have achieved 
and documented I 'ramatic decreases in morbidity and mortality rates with investments 
along the line suggested above. 

The only proposal for solving the sewage situation in Santo Domingo (SOGREAH, 1991) 
is conventional. It proposes a collector ring and two treatment plants on the plateau 
rather than along the river and sea shore, a ring,closed on the Western side by a five 
kilometer tunnel. The investment and maintenance costs will be very high but can no 
doubt be added to the national debt. But the permanent need for large quantities of 
water and electricity will be suc:-v that the system will not function very long. This will be 
another instance of permanently mortgaging governmental budgets with no benefit in 
return. In addition, this approach ignores the sewage needs of the barrios located below 
the collector, i.e. of the majority of the population. 

7.3 Solid Waste D ~ S D O S ~ ~  

The solid waste issue will only be addressed here as far as the City of Santo Domingo 
is concerned. Since USAID has just conducted an excellent report on the matter (Cobb, 
1991). 

Santo Domingo's population in 1990 produced an estimated 1,230 tons of solid wasto per 
day or close to one half million tons per year (estimates vary by up to 80 percent 
according to source). The main producers are househalds (65 percent), public markets 
(lo), commerce (6 percent) and parks and gardens (6 percent). Higher-income areas 
produce more waste per household but are numerically less frequent and reside in low- 
density areas; hence the apparent link between poor barrios and garbage. On average, 
the waste contains 80 percent organic matter and 12 percent paper. 

Most solid waste is never collected. Although 46 percent of the municipal budget ($DR 
40 Million) and sub~~iantial foreign donor allocations (e.g., 35 new trucks in December, 
1991) are committed to garbage collection, something in excess of 40 percent of daily 
garbage production is left to rot in the streets, on empty lots, along the river banks and 
on improvised sites, and an undetermined proportion is dumped into the two rivers and 
the sea. 
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While the present situation contains some savings for the municipal budget it also 
includes considerable costs in terms of devaluation of real estate and tourism potential, 
pollution of seashore and rivers, and increased health risks. But these costs do not 
accrue directly to the municipality. Ttie solid waste problem is thus a classic illustration 
of what makes a Third World governmental institution so inefficient. Taking better care 
of the collection and disposal of solid waste would only increase the costs and general 
burden of the municipality (AYUNTAPJIIENTO) while all the benefits (in economic activity, 
real estate value, tourism receipts and health levels) would go elsewhere. 

Transportation and landfilr we the two principal bottlenecks of the present solid waste 
disposal system. An ina~. jquate number of compaction trucks are in.existence at the 
moment - the Strategy Paper contains contradictory numbers between 44 and 108 - less 
than 75 percent of which are operational on any given day. In addition, there are scme 
60 dump trucks and other pieces of equipment. Private enterprises (e.g., EMLURB with 
17 trucks) have a superior record of keeping equipment rolling and delivering garbage to 
destination. 

Initial collection is a problem separate from garbage transportation since rn~ch of the 
population lives in areas inaccessible to compaction trucks. Sorne initiatives by PVOs and 
private enterprise have been successful in organizing garbage delivery to collection 
points. The economic feasibility of buying household garbage by micro-entrepreneurs 
(tricicleros) has been demonstrated in the La Zurza project (IDI-SODIZUR). Short of 
redesigning and rebuilding most of the barrios, this appears to be the most promising 
route towards a solution of the solid waste problem in those areas. The EMLURB 
experience shows the superior cost/benefit ratio of the private sector. 

Guaricano, San lsidro and up to very recently Cancino are the active landfills of the city, 
located at six kilometers, 22 kilometers, and eight kilometers, respectively, from the 
center. Cancino and San lsidro have problems of access while all three of them have 
problems of drainage. Several more sites have been opened, and closed again soon 
after opening, due to public complaints. 

Health risks associated with the current solid waste situation are considerable. 
Generalized seepage of toxic and contaminated liquids into the ground water, the aquifer, 
and the under-pressurized drinking water system currently exist. Disease vectors, as well 
as rodents, proliferate throughout the city because waste removal is so deficient: waste - 

accumulates and provides for humid and nutrition-laden living from collecting refuse such 
as bottles and cardboard frorrs landfills and from garbage piles throughout the city. Many - 
of the minor and all of the major landfills provide food for pigs for market whose meat 
ftness for human consumption in open to question. Large numbers of families (150 at 
one site) make a living from collecting refuse such as bottles and cardboard from landfills. 
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Due to the unsanitary conditions of the landfills they are exposed to serious health risks. 
Many actually live either on, or close to the major landfills. Any radical change ir! the 
disposal of garbage would deprive them of a living and the collectivity of their recycling 
services. 

The landfill at Guaricano will have to be closed by 1992 and it is unlikely that anything 
more than temporary solutions will be found for the landfill problem. However, the most 
urgent probldm at this time is the initial collection, not the permanent disposal of garbage, 
as collection affects a greater amount of families. Private enterprise and PVOs can solve 
the collection problem, but tlieir contribution is dependent upon a public commitment to 
having an agency. remove garbage from collection points. A minimal.form of  private- 
public partnership will be indispensable. 

Since such a large proportion of garbage here is organic matter, disposal problems may 
be eased throug9 some form of sanitary composting. If public health risks can be 
minimized using some form of composting technique that destroys bacterial 
contamination, and if strong interests of private fertilizer producers do not interfere, this 
compost can be distributed free or sold (to offset costs) as a soil enhancer. One of the 
most promising systems for rendering organic waste, dry matterlnight soil, or sewage, 
safe for recycling in the soil is the Beltsville Aerated Rapid Composting system (BARC). 
This system is appropriate for developing countries in that it is simple to build and operate 
(limited, simple, and inexpensive mechanical equipment), is highly effective in destroying 
pathogenic bacteria, viruses, and helminths, is an anaerobic process that does not 
produce any of the foul smelling gases associated with anaerobic decomposition of 
organic matter, and is fairly inexpensive to operate (Shuval et al., 1981). 

7.4 Industrial Pollution 

Data on industrial pollution are seriously deficient, however, some indications suggest this 
issue requires more attention. Action in this field will require social and political skills 
since any radical and direct approach is unlikely to bear fruit (e.g., it appears that 
temporary plant closings have led to an exchange of the minister responsible, rather than 
changes in pollution practices). The following is a partial list of issues and offenders. 

7.4.1 Solid Waste and Surface Soil Pollution. 

It appears that this is not at this time a very major issue. The team observed PCB oils 
leaking from transformers in government-run workshops, hundreds of drums containing 
(properly labeled) toxic and acid liquids rusting away and contaminillii~g the soil in the 
Barahona FTZ, the rusting remains of rolling stock and other equipment in lots near active 
or formerly active industries, and cows grazing among the tons of improperly handled 
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plastic materials of an industrial polluter. Every industry appears to lack proper disposal 
practices. Hoviever, this is probably not the area needing the most urgent attention since 
it does not ys'i appear to affect large human or animal populations. 

7.4.2 UquicF Waste Emissioa'rs. 

The most apparent instance of improper handling of liquid wastes is the effluent of the 
Fabrica Dominicans de Cementos into the lsabela river; the discoloration of the river is 
obvious. However, the effluent from the lndustrias de Asbestos Cementos may in fact be 
more dangerous because of the apparent absence of any safety equipment and the great 
long-term danger posed by asbestos fibers washing up on the shore where ttiousands 
of people live and children play. In terms of quantity, the Cerveceria Nacional Uaminicana 
and the lndustria Nacional del Papel Bonao were the largest industrial users of water at 
the time of the 1981 A.I.D. Dominican Republic Country Environmental Profile, but this 
means little in terms of defining their pollution impact. 

Other examples of water pollution outside of Santo Domingo are the following: 

Location Industry Bodv of water affected 

Santiago 
Barahona 
San Pedro de Macoris 
La Romana 
La Vega 
Puerto Plata 
Haina 
Haina 
Haina 
Villa Altagracia 

' Haina 

m 
CEA Sugar Mill 
Sugar Mills (2) 
Largest Sugar Mill 
Meat Processing 
Rum Factory 
Thermo-electric 
Cardboard 
Car Batteries 
Paper Factory 

Yaque del Norte 
Sea 
Higuame 
Rio Dulco 
Camii 
San Marcos 
I-laina 
Haina 
Haina 

The most serious irldustrial water pollution problems are clearly concentrated in the capital - 
city and have now become urgent in residential areas. A coherent, comprehensive land- 
use plan separating industrial and residential land uses does not exist, however, partial 
plans haw been enforced (e.g., the Banque Industrial Norte was indeed meant to protect 
residential areas from industrial encroachment and pollution). The city, without the benefit 
of a land-use plan, has grown causing the several dozen industries located in that area 
to be surrounded by residontial neighbors. This is what made the recent explosion of the 
Zurza canal a tragedy when it might otherwise havg remained a curious incident of 
industrial pollution. 
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The FlZs which have more than doubled since the time of the 1981 study possibly posing 
significant problems as some include textile lying processes. Most, however, produce 
little liquid industrial waste. 

M;.;as such as Falconbridge (Bonao), Rosario Dominicana (Cotui) and ALCOA (now 
closed in Pedernales but leaving a very large open pit) produce liqurd waste and stcrm 
runoff waters rich in heavy metals. Their effect on biodiversity in rivers and coastal waters 
is probably significant but has not been measured. 

Air ~ollution. The smoke stacks of Metaldam, Falconbridge and the industrial, institutional 
and commercial .power plants emit sulfur and other emissions which must influence 
morbidity levels in nearby, especially urban areas. The only recent systematic study of 
such pollution is the one done on the impact gf the Falconbridfle mine (lnstituto st~perios 
de agricultura, 1991) which popular opinion had accused of causing everything from birth 
defects to spreading plant diseases and causing harvests to fail. High levels of Nickel, 
Chromium and other metals were irrdeed found in the soil, water, vegetation and animal 
skins close to the mine and hese levels diminish with distance from the mine. While the 
study does find significant levels of pollutants downwind from the mine, it novertheless 
concludes that they pose no hazard. 

From an ecological-historical perspective, most pollution problems are not considered as 
high a priority as other essentially irreversible environmental problems: loss of topsoil and 
destruction of uppsr waterr;heds, extinction of endangered species, and destruction of 
rare habitats such as cloud forests or coastal wetlands. Most pollutants, when diffused 
over wide areas or diluted, do not have demonstrable acological effects. Even areas of 
heavy contamination have shown amazing resiliency when the sources of pollution have 
been removed. Many European rivers have sprung back to life after decades of heavy 
contamination after pollution control was implemented. The pollutants that may be 
exceptions are the persistent chlorinated hydrocarbans (e.g., toxaphene, alpha-HCH, 
PCBs, and the DDT group), Bong-lived racrioactive wastes, and some heavy metals. (Most 
heavy metals, except mercury and arsenic, do not exis+ in an or,ganic form and are not 
bioavzilable to most org:?.nisms that comprise food wsbs; ther~!'i:re, elevated levels in 
sediments or aquatic en~4ranrnents may not be effected in -9vatecl levels in biota and 
may pose little or no health or ecosystem risks.) 

It appeal; that there con8ir:ires to be a need for monitoring and analysis of industrial 
pollution in the Dominicac ilnpublic. One step in the riaht direction is the brand new 
laboratory which will analy?.~ water samples and data generated by INDRHI under a 
Gsrman (GTZ) sponsored program. But such monitoring will not in itself bring relief. Other 
major Caribbean nations at risk appear to be more successful than the Dominican 
Republic in enforcing pollution standards at this time. For example, Jamaica with its 
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bauxite processing, Trinidad and Curaqao with their petroleum extraction and refining, 
Puerto Rico with its thousands of manufacturing establishments and Cuba with its small 
but old industrial base are now known as "dirty" destinations, a reputation which the 
Dominican Republic might well acquire if pollution continues unabated. Such a reputation 
wo!;ld hurt the tourist trade, one of the highest priority industries for the present and 
former governments. 

7.4.5 Rapid Storm Water Runoff 

Fewage piping is inadequate to drain storm runoff in the cities of the Dominican Republic. 
A considerable part of the area covered by any urban settlement is constituted by 
impervious surfaces - roofs, streets and other paved or compacted spaces - which act 
as collection systems for water. Runoff in urban spaces is therefore very high - certainly 
nu less than the 80 percent assumed in the Table 4. The quantities of water collected 
over short periods can be considerable. If we assume, in the absence of better data, 
homogeneity and equal density of urban areas throughout the Dominican Republic, a one 
hour storm event of 20 mm rainfall wili in 1990 produce the following quantity of runoff: 
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Table 4: Estimation of 1990 annual and single event runoff of rain water in 10 major 
cities. 

The main impact of rapid surface draining of very large quantities of water is physical: 
street surfaces and founda ions are damaged, the steep inclines along urban river beds 
are collapsing, barrio housing is swept away, pipes, poles, cables and other infrastructure 
installations are exposed, undermined and damaged. The pollution impact of surface 
runoff is also considerable. Garbage and waste is carried from higher to deeper locations 
from where its noxious and toxic elements seep into groundwater. The piles and 
concentrations of waste, including hurr?n wastes, in low-lying locations rotain humidity 
longer and become breeding grounds 1 ,r numerous disease-carrying organisms. Rain 
storms appear to wash down the barric - in effect they make them more dangerous 
habitats. 

Santo Domingo 

Santiago 

La Romana 

San Pedro aa r.!. 

San Franc. de M. 

Puerto Plata 

San Juan de la M. 

San Cristobal 

La Vega 

Barahona 

TOTAL 

The damage potential of surface runoff water in tropical urban locations can only be 
controlled by a combination of measures most of which are prohibitively expensive. 
Relocating the barrios, redesigning and constructing a street grid or providing drainage 
canals demand both investments and maintenance budgets which are beyond 
governmental capscities. Unless properly designed and cared for, the life expectancy of 
storm drainage systems is extipemely short. Because many of the urban problem areas 
are on sloped terrain sand, rocks and garbage tend to fill and block pipes and canals 

Population 
in '000 

1,938 

3% 

'1 48 

115 

91 

65 

63 

56 

55 

50 

2,980 

Area 
In k d  

198.0 

40.7 

15.1 

11.7 

9.3 

6.6 

6.4 

5.7 

5.6 

5.1 

304.3 

Annual 
rainfall 
in mrn 

1,500 

1,000 

1,100 

1,100 

1,500 

1,800 

700 

1,500 

1,300 

1,100 

- -  

Annual 
runoff 
In d 

237,600,000 

32,558,400 

13,284,480 

10,322,400 

1 1,138,400 

9,547,200 

3,598,560 

6,854,400 

5,834,400 

4,488,000 

335,226,240 

--q1 
20rnm eve 
mi,lilofl In I. 

3,168,000 

651,168 

241,536 

187,680 

148,512 

106,080 

102,816 

91,392 

89,760 

81,600 

4,868,544 

, 
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rapidly. For example, the costly storm drainage system of Port-au-Prince, Haiti, has bedn 
completely rebuilt two times since 1972 and is presently almost beyond repair. 

Two control measures have been used successfully in the Dominican Republic to limit 
runoff water damage. Some towns have strongly curbed streets lined by concrete canals, 
even across intersections, which controls the physical damage of water to houses and 
infrastructure installations. Some cities have at times had a functioning garbage co!lection 
service, limiting the indirect health impact of rainstorms. Unfortunately both of these 
measures appear to be beyond the budgetary and political capability of most 
municipalities in the Dominican Republic at this time. Storm runoff will continue to damage 
housing and infrastructure to some extent. Its effect can be limited only by (1) re-enforcing 
the walkways, stairways and foundations in the steeply sloped barrio settlement, (2) 
getting garbage collected and disposed of rapidly, and (3) properly designing future 
infrastructure. 

TR&D, lnc. 
78 



Preliminarv Evaluation of Potential Pilot Project Sites 

8.0 SUMMARY OF ACTIVITIES IMPACTING COASTAL RESOURCES 

There are four main activities that occur (or potentially may occur) within the coastal zone 
directly related to the quality of its marine and terrestrial resources. These include: 
tourism development, shipping, mariculture and salt pond development, and fishing. In 
addition, two broad areas of activities, development in rural watersheds and developnier . . 
activities in urban watersheds, while not necessarily within the coastal zone, have 
profound impacts on coastal resources and have been included in the analysis of human 
impacts. Table A2 in Appendix 1 lists marine related activities, major problem associated 
with each activity, and their pr jmary and secondary impacts on tha ierrestrial and marine 
environments of the coastal zone. These activities and impacts are elaborated below. 

8.1 Tourism Deve l~~men t  

8.1.1 General Description of the Problem 

The rate of increase of tourist arrivals over the period 1988-1990 averaged nearly 15 
percent per year (INFRATUR, 1990). It appears that, of the total foreign arrivals, 53 
percent arrive in the Santo Domingo area while 32 percent arrive at Puerto Plata. The 
remaining 15 parcent are 'divided among Santiago, La Romana, Punia Cana, Jimani, 
Dajabon, and Herrera. 

In an islar d community of 7.5 million, a tourist population increase of nearly 1 million per 
annum, 0:' about 13 percent of total, represents a significant impact. Ir addition, each 
tourist consumes nearly five times the resources that a local citizen consumes (Brown, 
1991), making the potential effect of this population increase on the ent~ironment 
equivalerit to increasing the present population by 86 percent. 

Tourism developnlent has occurred in numerous locations along the entire length of the 
coastal zone, especially where Tourism Development Zones (TDZ) have been declared 
in Figure A9 in Appendix 1. Table A3 in Appendix 1 lists the most recell'. estimates of 
hovil rooms in the coastal zone, by province. In some areas, especially on the south 
coast within and radiating .east from Santo Domingo (TDZ I), and on the north coast near 
Puerto Plata WDZ 2) and the Samana Peninsula, VDZ 4A) tourism is relatively well 
developed. Areas of potential tourism development are located along the northeast and 
east coast from Sabana de la Mar to Cabo Engano, extsnding southward to Playa 
Juanillo (TDZ 3), and on the southwestern coast stretching from Barahona to Oviedo 
VDZ 4). Recently the area East of Luperorl extending b Punta Rucia has been declared 
(by Presidential decree) a   our ism Development Zone.. In each of the potential locations 
the main limiting factor is adequate infrastructure. 
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Tourism development has become an important alternative for needed foreign currency 
in the Dominican Republic as elsewhere throughout the world in developing countries. 
In island nations with extensive coastal shorelines and associated beaches, reefs, and 
marine grassbeds, the potential is significant. Limitations to resort development are both 
external and internal. The major external limitation is developing a sufficient "market 
share" to warrant increased resort development, and while all indications are that world 
tourism is still growing, it represents a limitation not easily overcome. Often in the rush 
to develop tourist resorts, the very resources which attract tourists are neglected, not 
protected, and lost. Once gone, reefs, beaches, and coastal habitats a:e not easily 
replaced. 

In the Dominican Republic, like many developing nations, the major internal limitation is 
the lack of adequate infrastructure in the form of road networks, airports, public water 
supplies, and waste treatment technologies. Provision of the needed infrastructure 
represents a significant investm83nt that must be financed from external sources. The 
costs of infrastructure development (including the airport, golf course, access roads, and 
utilities) in the Puerto Plata TDZ were financed by two loans from the World Bank ($21 
million in 1974 and $25 million in 1979). The net benefits from tourism development under 
these circumstances are questionable when both economic and environmental costs are 
considered (Brown, 1991). As a result of this lack of public infrastructure, many hotels 
are required to provide their own services at varying degrees of success and efficiency. 

8.1.2 Major Problems and Resulting lnipacts 

The general trend is an increase in the pressure on the local environment as tourism 
development incraases. The major problems that result can be grouped into 3 broad 
areas: (1) release of pollutants, (2) direct conversion of terrestrial and marine habitats, 
and (3) increased demand for resources. 

Release of pollutants: There are several sources of pollutants resulting from tourism 
development in the coastal zone. The largest is dnmestic sewage from beach front hotels 
and ancillary developments. Other sources of pollutants include, stormwater runoff, 
dumping of solid wastes, and oil and fuel from marinas and boat operation. In some 
areas, the dumping of solid wastes directly into coastal wclers can represent a significant 
source of potentially hazardous material. 

In well mixed surf zones and tidal locations the ultimate consequences of ocean outfalls 
for domestic sewage are disputed. The enrichment of marine waters that are notoriously 
low in available nutrients may actually increase productivity, yet net increases in 
productivity alone may not justify the practice. Since both coral reefs and marine 
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grassbeds depend on extremely transparent waters, over enrichment for sewage outfalls 
and the resulting increases in algae production can have serious impact on water 
transparency and thus these communities (Snedaker and Getter, 1985). Coral reefs are 
particularly sensitive to toxins that may be released as nonpoint sources of storm water 
runoff or from marinas (fuel and oil). 

Maintenance of good water quality is not only important to marine organisms, it can 
seriously affect human use of marine resources as well. With the release of sewage and 
nonpoint source stormwater runoff, water quality can be negatively affected to the point 
that recreational uses and harvest of .marine resources for consumption are impaired. 
While many beaches have well mixed surf zones, others can easily concentrate human 
wastes resulting in dangerously high levels where water quality standards for human 
recreational use are exceeded. While indications are that some marine organisms 
(bottom fish) do not biomagnify trace metals from sewage outfalls (Meaams, 1981) thare 
is still cause for concern regarding benthic invertebrates, filter feeding mollusks, and some 
epibenthic invertebrates like crabs, shrimp, and lobster. 

Sewage treatment is probably the single most important service (other than potable water 
supply) neceqsary to protect the health and safety of people living (or visiting) in the 
coastal zone, and yet the one most often neglected by public and private development. 
In the Dominican Republic, most devt~lopment, whether for tourism or urban expansion, 
is not serviced by a central sewage treatment system, or small package facilities. 

Public waste treatment facilities in the coastal zone are inadequate. Cobb et al. (1991) 
reported that 40 percent of the population nation wide was served with sewage treatment 
facilities that are extremely overloaded. This team's interview with CAASD suggested that 
only 25 percent of Santo Domingo was sewered. The consequences are staggering. 
Virtually all existing development, and much of the new development, in the coastal zone 
either injects untreated sewage to groundwater or discharges domestic sewage untreated 
directly into coastal Wilters. Both of these practices degrade the quality of the resource 
base for tourism and ihreaten the health of the permanent population and visitors alike. 

I . .  

Pollution of near shore waters resulting directly from tourism development is impossible 
to distinguish from other discharges of point and nonpoint sources in areas around Santo 
Domingo, although it can .. be . summized that coastal hotels are contributing to an already 
serious situation. 

Direct conversion of terrestrial and marine habitats: With the construction of tourist 
resorts, marinas, and associated infrastructure, terrestrial communities like beach and 
dunes, back dune areas, mangroves, and areas of salina are directly converted. Often 
coral reefs are removed or channels blasted to provide access to open waters. Marine 
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grassbeds and mangrove swamps are often dredged to provide boat access to marinas. 
These conversions are direct and irreparable. The connections between terrestrial and 
marine habitats, the values of fringing mangroves and reefs as buffers against storm 
waves, not to mention the importance of many of these habitats to indigenous and 
migrating fauna, make their conversion problematic. Impacts of conversion of any of the 
coastal communities, because they are tightly coupled, causes loss of habitat value and 
food chain support throughout the coastal zone. Tt-10 impacts are manifested in shifts in 
the community structure of reefs and grassbeds, decreases in the abundance of certain 
marine organisms, and the eventual loss of fishery potential. 

In areas of existing tourism development (Figure A9 in Appendix I), and radiating outward 
along the coasts, associated impacts on the marine and terrestrial communities, while not 
always evident or documented, have been mentioned in numerous interviews with 
government and private sector individuals. Wherever beach siae development of tourist 
resort facilities was observed on the northern shore, there was complete alteration of 
beach and dune communities throughout the immediate area of each complex. 
Associated road networks and nearby commercial developments contributed further to 
destruction of dune and back dune vegetation. In many areas of the north and northeast 
coasts, native dune vegetation had been rep!aced long ago with coconut plantations. 

Evidence of destruction of reef communities and marine grass beds is more difficult to 
document without extensive investigation. The mechanical disturbance of marine 
grassbeds has become a serious problem in areas where there is heavy boat traffic and 
may be surmised to be of minor importance in most of the coastal zone, since the 
number of boats and marinas in areas of seagrass bed communities is relatively small. 
However there is increasing marina development in the Monte Cristi area with the 
dredging of channels through the fringing mangrove communities to accommodate 
pleasure boat traffic (E. Pugibet, persor?al communication). 

Where fringing coral reefs are removed for better beach access, wave action and storm 
events can quickly erode the beach foreshore and backshore areas. There are reports 
of serious beach erosion within the last several months at Puerto Plata resulting from 
destruction of near shore reefs (E. Pugibet, personal communication) and at Boca Chica 
where bulldozers are being used to push sand onto the beach. The Boca Chica situation 
is indicative of increasing problems with sand supply and the potential for loss of reefs 
and seagrass beds. Aerial observation of the Puerto Plata situation revealed beach groin 
construction immediately upcurrent from the eroded area, thus a possible explanation for 
erosion may be loss of sand supply in combination with reef destruction. 
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Increased demand for resources: Wherever concentrations af human populations 
increase, there is an increased dsmand for resources from the surrounding environment. 
Tourism development increases the demand for fishery resources, potable water, land, 
labor, and even such obscure resources as palm fronds for thatching of beach front 
palapas. Wih increased demand comes the potential for over exploitation. Many of the 
reefs and grass beds throughout the Caribbean region exhibit indications of overfishing 
of such desirable marine organisms as lobster, conch, and the larger reef fish (Snedaker 
and Getter, 1985). 

The demand for curio items like corals and sea shells can easily out strip the potential of 
the marina environment to provide them on a sustainable basis in areas of intense tourist 
development. As these resources are exploited, associated secondary impacts include 
the complete collapse of reef communities. These communities cannot sustain high levels 
of harvest of top levels of the food chain without serious shifts in populations of lower 
food chain organisms. Economic dislocation of artisanal fisherman follows the initial 
increase in income and numbers of fishermen as over-exploitation eliminates the resource 
base upon which they depend. 

The influence of the increased number of tourists on the demand for local resources is 
apparent in soveral examples. The south coast stretching from Santo Domingo to as far 
east as Parqua Nacional del Este has a growing number of tourist operations transporting 
tourists lo the secluded beaches of the park for day trips. Observations during a single 
field trip to Parque Nacional dig1 Este estimated the number of tourists using the beaches 
and near shore waters at over 200 individuals. Unrestrained recreationists have caused 
declines in the reef communities at Boca Chica (in combination with other activities 
including dredging, fishing and sewage outfalls (H. Lopez, personal communication). 

8.2.1 General Description 

h e r e  have been several personal reports of increased contamination of south shore 
coastal areas resulting from ocean dumpirtg of garbage, sewage, and balast tank water 
by freiahters and cruise ships. The magnitude oi the poblem was impossible to qualify 
or quantify. Much of the jetsam and flotsam found on the beaches of the southwest coast 
may be more from unrestrained d:rmping of garbage and urban runoff both on the island 
and from islands t? the east, and less from passing freighters and cruise ships. 

In the Dominican Republic, principle ports are located in the southern cities of Santo 
Domingo, San Pedro de Macoris, and La Romana. On the north coast Puerto Plata is the 
main port. 
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8.2.2 Major Problems 

The construction, maintenance, and operation of port facilities can represent a significant 
impact on the environment. Dredging of habitats for port creation, channel maintenance, 
and release of toxins and other pollutants are the major problems. Moderately sized 
accidental oil spills have occurred, and could pose a potential problem. A brief 
discussion of each follows. 

Dredaina and ietty construction - In nearshore waters, deep water access to ports for 
ocean going vessels must be provided and maintained. The process of dredging, 
whether for newport construction or for maintenance of existing facilities, directly converts 
marine and terrestrial habitats, increases turbidity, and can be a source of pollutants from 
accumulations in sediments. The process of dredging converts habitat directly, and 
disposal of dreclgs spoil often further damages habitat. 

Physical destruction of habitats threatens wildlife, impacts fisheries, and ca.uses loss of 
sediment trapping capacity and storm surge protection. 

Release of toxins. sewaae. and aarbaae - In both nearshore waters and deep water 
shipping lanes, the release of ballast, sewage, and garbage can pose a threat to marine 
resources. Ballast often contains toxic substances that if released in open waters 
probably do not reach concentrations that may be significant. Yet oil residue often forms 
tar mats that are unsightly and unpleasant to tourists and present an ecological problem 
on beaches and fringing reefs. Sewage discharges at sea do not present the problems 
of shore based discharges. Open sea dumping of garbage is problematic because of the 
prevalence of non-biodegradable plastics that foul beaches and can be ingested by 
marine mammals, fishes, and birds. 

Ballast waste (from foreign ships) is discharged in the shipping lane mar the country. 
Few steps have been taken to' control this practiw, and its impac'is.: and costs are 
unknown. !t is also unknown what proportion of tho heavy litter found on beaches is 
caused by open ocean dumping. As currents travel from an east to west direction on the 
south coast, heavy litter problems affect beaches as far west as the San Luis beach of 
the Jaragua National Park. Litter is reported to be so heavy as to interfere with the 
spawning of sea turtles on the beach (H. Lopez, personal communication). 

Clean up can be a large cost; it is attempted by resort facilities (which have the most to 
lose) and rarely by municipalities. The only known clean up of the Jaragua beach was 
done on a volunteer basis (although costs for transportation from Santo Domingo and for 
food was incurred) by the Federaci6n Dominicana de Asociaciones Ecologistas . 
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(FEDOMASEC). The extinction of an endangered sea turtle would be a cost difficult to 
calculate economically. 

Accidental oil spills - Accidental oil spills can be the most catas'rrophic impact of shipping, 
completely destroying nearshore habitats and outright killing fish and shorebirds. 
The Dominican Republic has already suffered from a couple of these types of accidents. 
A little over two years ago, a barge carrying crude oil on a routine trip  fro^ Santo 
Domingo to Puerto Plata (for the thermo-electric plant of the CDE) ran aground at La 
Vacama near the Nisbon. lagoon. The barge lost most of its contents of 625,000 gallons 
of crude, contaminating the shores of.Vacama, Las Galetas, Samanh, and Las Tarrenas 
and damaging flora; faun& fisheries, and tourism.:. Clean up and attempted containment 
of the accident was conducted by the Dominican: Republic Navy and the Civil Defense. 
These groups are now preparing a contingency plan tc increase readiness in the caso 
of future accidents (V. Garcia and H. Lopez, personal communications). 

Likeliness of further accidents, even more serious ones, is quite high. A large percentage 
of the oil used in the United States (the world's largest consumer) is refined in the 
Caribbean. Every day, 23 to 30 supertankers, and approximately 80 smaller ships, 
transporting more than 3 million barrels of oil cross the Caribbean sea through the 
shipping lane by Santo Domingo (H. Lopez, personal communcation). 

8.3 Mariculture and Salt Production 

8.3.1 General Description 

Typically the construction of ponds for mariculture and salt production occur in salir~a 
areas. Often the salinas are upland, but immediately adjacent to mangroves, but are 
sometimes found next to bays or lagoons separated from these open water systems by 
a natural rock of coral dike or sand bar. Sometimes upland fring~s of mangroves are 
converted, and in the more serious cases, ponds are corrstructed next to estuaries within 
mangrove fnrests. Salt evaporators in the Dominican republic appear to be constructed 
in the salinas areas. In field surveys of the coastal zone, the team did not encounter any 
mariculture operations. 

8.3.2 Major Problems 

Occasionally salt evaporators discharge brine solutions to nearby waters raising soil 
salinities in adjacent mangroves. In addition, large expanses of salt evaporators 
immediately upland from mangrove communities alter, and in the worse cases, eliminate, 
overland flow of rain water into the mangrove. The increased soil salinities that result can 
kill trees. 
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Access by local fish populations to open waters through tidal creeks can be inhibited, 
and, in some cases, salt evapgrator dikes .provide human access to mangroves for wood 
cutting that otherwise may not have been possible. 

Increases in suspended sediment load from saltpond construction are temporary, but 
erosion of constructed dikes can be a long term source of sediments if not stabilized. 

There is a significant area of salt evaporators occupying the areas immediately inland 
from the mangroves at Monte Cristi. The actual area covered by the evaporators is not 
known; however, it appeared that marly 90 percent of the landward .edge of the 
mangroves was given over to salt ponds. A salt operation was also encountered at Bahia 
Caiu'dras where, on the day of the team's visit, operators were discharging an estimated 
1-2 m3/minute of salty water (65ppt) to the estuary. 

8.4 Fishing 

8.4.1 General Description 

Compared to more temperate fisheries, the fishery of the Dominican Republic is relatively 
low in productivity. Mostly at an artisanal level, the fishery is daminated by demersal 
species. The major fishing zones are the shelf areas at Banco Monte Cristi, Bahia de 
Samans, Cabo Engano, San Pedro de Macoris and Bani-Barahona, and the submerged 
banks at Banco Navidad and Banco Plata. The latter two areas dominate the Dominican 
fishery as the source for the largest portion of total annual catch. 

Because of low productivity and the lack of effective fishery management, the potential 
for overfishing the entire marine fishery is significant. In addition, increased local demand 
at urban centers and in areas of tourism development, can easily deplete local stocks. 
Some species, such as shrimp, lobster, and conch, which have an international rnarket 
and tourist inflated local prices, may be seriously depleted if the Dominican Repubrrc has 
followed the trends of the rest of the Caribbean Islands. 

8.4.2 Major Problems 

Overfishing causes collapse of the fishery when harvest is greater than population 
recruitment and growth rates. Once the fishery begins to decline, increased effort to 
sustain yields results in decreased catch-to-effort ratios. Often prices rise, reflecting the 
scarcity of supply, which in turn continues to place increased pressure on declining fish 
stocks. O ~ c e  collapsed, economic dislocation of fishermen results and increased imports 
of fish and fish products are necessary. 
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In 1980, INDOTEC estimated the yield of the insular platform and submerged banks of 
the Dominican Republic to be between 800 and 2,330 kg/km2/year, and total potential 
yield to be 22,312 metric tons. Hartshorn et al. (1981), using a lower suggested yiald, 
estimated a total sustainable yield of 10,454 metric Pons. Using the latest published 
statistics (Oficina Nacional de Estadistica, 1991), the estimated totzl annual fish catch of 
marine origin in 1988 was nearly 15,000 metric tons (see Table A1 In Appendix 1). Data 
provided by the Department of Fisheries shows a higher total annual catch for 1988, 
almost 19,000 M tons. If the sustainable yield estimate by Hartshsrn et. al, is reasonably 
accurats, the fishery of the Dominican Republic is being over exploited. Unfortunately, 
data apparently do not exist on any basis except estimates of total volume~of catch, thus 
it is impcssible to determine the status of individual fish stocks or catch to effort ratios. 
Department of Fisheries pt\r430nnel confirmed that the siza of shrimp, lobster and conch 
were getting smaller, and that fishermen were having to fish longer and farther to maintain 
their volume (R. Nelasco, personal communication). 

8.5 Activities in Rural Watersheds 

8.5.1 General Description 

The primary activities of concern are agriculture, deforestation, and hydroelectric and 
irrigation projects. Agricultural activities contribute to sediment transfer and tho 
introduction of pesticides, herbicides, and nutrients to tho marine environment. 
Deforestation contributes to the transfer of sediments and alteration of timifig and volum~s 
of freshwater inputs to the coast. The construction and operatio?, 5: dams alters 
discharge regimes of major rivers, and ,Ihus the timing and volume, of frcJ 1 wsier entering 
the marine environment. 

8.5.2 Major Problems 

'The major problems in the coastal zone that result from rural watershed activities whether 
$griculture, forestry, or from dams can be grouped into three areas: (1) inflows of 
sediments, (2) inflows of toxins and nutrients, and (3) altered fresh water inflows. There 
is a paucity of reliable data on the levels of contamination and sewagd enrichme~t of fresh 
water inputs and near shore coastal environments. The evidence of problems and 
impads remains anecdotal. 

Inflows of sediments - Agricultural practices and deforestation act to increase sediment 
trawfer to the coastal zone, yet hydroelectric dams can trap sediments, and as a result 
minimize negative coastal zone impacts that may have otherwise occurred. On the other 
hand, productivity of estuaries and river delta areas depends on an adequate aupply of 
sediments and organic matter from terrestrial sources. There are. numerous examples, 
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world wide, where loss of sediment inputs has caused irreparable damage to coastal 
fisheries, and even erosion of delta land masses (i.e., the collapse of the herring fishery 
at the mouth of the Nile River. or the loss of wetlands at the Mississippi River delta). 

The impacts of alteration of sediment inputs to marine environments can result from either 
too much sediment input or too little. Where sediment loads increase, the impacts are 
sedimentation and increases in turbidity in nearshore areas with subsequent loss of 
grassbeds and reefs. Where sediment inputs are diminished because of diversion or 
impoundment behind dams, loss of marine productivity and even erosion of shorelines 
(resulting from a negative balance between erosional and dapositional forces) can result. 

Related to sedimentation; it was reported that the western portioils of Bahia Ocoa ware 
dominated by sandy substrate, but since the last hurricane, the bottom is now mostly silt 
and thsre has been a consequent decrease in grass beds (E. Puqibet, personal 
communication). 

Inflows of toxins and nutrients - Agricultural watersheds and dispersed rural populations 
without adequate sewage treatment can add significant amounts of agrochemieals and 
human wastes to river systems via runoff that are in turn carried to the marine 
environment. Toxins that interfere in biochemical processes, can be biomagnified in food 
chains to humans, and in rare cases can ultimately result in the collapse of marine 
fisheries and ecological functions of iitarine systems receiving them. Increased nutrient 
inputs can be beneficial, especially if there is a significant harvest of organisms (and thus 
removal of nutrients) from the receiving marine ecosystem. Yet in many areas, over 
enrichment results in declines of fri 're ecosystems, like corals and seagrass beds, and 
eventual collapse of marine fisheries and ecological function. In all, with increased inflows 
of toxins and human sewage, safe water quality standards are violated and waters are 
rendered unsafe for human uses. 

Related to increases in toxins and human sewage; there have been numerous 
suggestions of possible problems in bahia Samana, the result of runoff from the extensive 
areas of rice cultivation. 

Altered freshwater inflows - The volume and timing of freshwater infiow to marine systems - 
is critical. Modification c4f inflows causes rapid fluctuations in salinity and disrupts the 
saltwater-freshwater interface. With reduced flows, higher salinity water migrates inland 
and flushing cf sail salinity from mangroves is impaired. With increased discharges, 
marine organisms that are adapted to higher salinity waters, migrate sezward or become 
extinct. Changes in the periodicity are detrimental to coastal orgariisms that cannot adapt 
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to fluctuations in salinity, often pus:-ling emlogical communities in the saltwater/freshwater 
interface toward lower diversity iqnd lower yield systems. 

Related to reduced intows of fresh water; the team's flyover of the coastal zone and 
interior areas of the country revealed that the Ocoa, Nizao, aiia Yaque del Norte tiers 
had no fiow; their waters divorted for agricultural irrigation. -The Nizao appears to be so 
dry for extended periods of the year that extensha mining of sand and gravel from the 
stream bed is taking place in numerous locations down stream from the dam. Die off of 
about 20-30 hectares of mar~groves was noted at the mouth of Rio Yaque del Norte, 
presumably the result of lowersd freshwater flushing of mangrove soils. 

8.6 Activities iz 'Jrbanized Watersheds 

8.6.1 General Description 

Whether increasing in size, or remaining relatively stable in spatial extent, urbanized 
watersheds affect water qualtty, timing, and quantity. lncreased area of impervious 
surface increases the speed and volume of runoff after storm events. Stormwater runoff 
carries with it silt and sediments, oil residues, heavy metals, and trash. 

Increased urbanization and popu l~~an  density means increased spatial density of wastes. 
Whsre urban populations are concentrated in the coastal zone, human and industrial 
wastes a.re often discharged in ocean outfalls, often untreated. Further inland, wastes 
from urban concentrations are usually discharged to a nearby river that carries them 
downstream to the coastal zone; In the Dominican Republic, a third form of sewage 
waste managerrlent is the injeclthn of untreated sewage directly into the aquifer. 
Solid wastes disposal in the coastal zone is problematic. Often solid wastes are dumped 
in "lown areas (marshes and mangrove swamps) or directly into the ocean at the 
shoreline. Accumulations of solid wastes in streets, if not removed regularly, are washed 
with the next rainfall to the nearstiore envirocment. . 
The demand upon marine resources in areas surrounding urban concentrations usually 
far exceeds sr~stainable yialds. First, increased population densi@ i;;crea;;es the demand. 
Second, urban populations with higher income increases den land; and third, urbanization 
often results in a high concentration of poor who by necessity %tract resources from the 
local environment. 
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8.6.2 Major Problems 

Altered freshwater inflows - Alteration of tha hydrologic regime through increased 
impervious surface has two deleterious impacts on near shore waters. First, during storm 
events, nearly all rainfall runs off the urban area immediately because there is little soil or 
surface storage. Second, during dryer periods of the year, there is less base flow in 
rivers and streams with large urban concentrations, since runoff during rain events is so - 
high. The impacts of altered timing and volumes of freshwater inflows are to muse higher 
concentratiocs of wastes, and greater fluctuations in the salinity of neershore waters. - 
These factors seriously impact species composition, lower productivity, and ultimately I 

decrease stability of marine ecosystems. The net result in human terms is the decline of 
nearsl~ore fisheries. 

The volume of freshwater runoff from the ten major urban areas was estimated to be 
about 335 million m3/yr using a runoff coefficient of 80 percent. Prior to urban expansion, - 

the freshwater runoff from these same areas was probably half that amount. There are - - no estimates of the amount of sediment and trashlgarbage that is carried annually to the - 

Caribbean via stormwater runoff from urbanized lands. - 

Inflows of toxins and nutrients - Liquid wastes from industry and human sources are 
serious threats to the nearshore marine environment if concentrations exceed the capacity 
of the environment to assimilate them. Factors affecting the assimilation capacity are: 
type and concentration of the waste, type of community receiving the wastes, and other 
abiotic factors, like mixing of the near shore waters, rainfall, and soils (in terrestrial 
communities). The impacts of discharges of human and industrial wastes in the coastal 
zone are relatively straight fontvard: they cause water pollution, which in turn causes - 
alteration of marine communities, poses human health risks, contaminates near shore 
fisheries, and increases eutrophication that contributes to the decline of coral reefs and 
seagrass beds. . 
Cobb et al. (1991) estimated that only 40 percent of the urban population in the 
Dominican Republic is connected to a sewage system, and that existing sewage systems 
are inadequate. All "treated" sewage is discharged either to rivers ,(which discharge to 
near coastal waters) cr discharged through ocean outfalls. Untreated sewage is either - 
discharged on si!e through septic tanks or leach beds, injected to the aquifer (is long 
term fate unknown), or discharged to rivers or the Caribbean (L Marion-Landais and J. 
Infante, personal communication) In other words, effectively, there is little or no sewage - 
treatment .in the coastal zone. - 
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-- 
Inflows of sediments - Sediment transfer to the marine environment from urbanizsd areas 
can be significant. Where sediment loads increase, the impacts are sedimentaticin and 
increases in turbidity in nearshore areas with subsequent loss of grass beds and reefs. 

Increased resource demand - Increased demand for resources from urbanized areas in 
the mastal zone is probably the single biggest factor affecting the sustainability of 
nearshore fisheries in many areas. Ultimately without strict controls on use of resources, 
whether fisheries, beaches, or wildlands, the quallty deteriorates with increased 
populations and eventually the ecological systems that produce the resources collapse, 
or undergo regression to a simpler, earlier successional community. 

- 
Current demand .for coastal resources like firewood and fishery products is difficult to 
estimate. However as an exampie of the pressure on the environment to provide 

- resources, an estimate of the demand for charcoal in the Monte Cristi/ Pepillo Salcedo 
area was deveioped using an urban population of 15,500 (Oficin2 Nacional de Estadistica, 
1991) annual consumption of .4 m3/capita (Cobb et al., 1991) and standing stock in 

- 

- mangroves of 25 m3/ha. The annual rate of potential c!eforest&tion of the mangrove 
community near lvlonte Cristi is equal to about 25 hectares per year. 

Solid waste dum~ing - Dumping of garbage in the coastal zone is problematic because 
of improper handling and location of dumps. The practice of using wetlands, direct 
dumping in coastal waters, landfills located next to river floodplains, and build up of 

- 

- garbage in streets results in release of solid wastes and landfill leachate directly to surface 
waters. The prevalence of non-biodegradable plastics in gabage can foul beaches and 
can be ingested by marine mammals, fishes, and birds. Landfill leachate contains many 
toxic compounds and metals that can represent threats to marine communities and 
uitimately human health. 

8.7 Status of Coastal Resources 
- 

8.7.1 Mangroves 

8.7.1 .I General Status 

For the most part, mangrove communities on the northern shore have not been impacted. 
There are reports of cliannelization and cutting for charcoal in the Monte Cristi area, and 
wood cutting in :hs extensive forests of the Bahia de Sarnana. An overflight in a Navy 
helicopter confirmed channelization for boat access to open water at Monte Cristi, but 
could not confirm reports of wood cutting. The extent of the channelization is relatively 
small. Additionally there are reports of potential conflicts with rice cultivation at Bahia de 
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Samana. There seems to be very little, if an.y, intrusion into the mangroves from rice 
cuitivation. 

The flyover along the entire coastline did reveal that smaller, isolated areas of mangrove 
are under considerable pressure along the north coast whers it was estimated that about 
20 percent of the small stands were seriously impacted. This does not represent a large 
proportion of the entire area of mangroves (probably less than one percent), yet locally 
the loss of 10-50 heaares can mean local extinctions of numerous species. 

It is probably safe to say, that many of the rivers of the south coast were once mangrove 
lined. However, they have long since been cut and/or filled with the exception of the 
mangroves along the Rio Higuamo and a 80 hectare forest on the Rio Soco. Several 
isolated forests near the Rio Soco appear to be completely cut over. The 186 hectare 
mangrove forest at Puerto Viejo appears to be intact. 

Mangroves north of the Laguna Oviedo are reported to be under some pressure from 
wood cutting, although this report was not confirmed. Mangroves in both the Parque 
Nacional del Este and Parque Jaragua are relatively removed from population centers 
(with the exception of the forest at Luguna Oviedo and those near the settlement of San - 

Juan on lsla Saona) and as a result are relatively intact. 

Greatest pressures on mangroves occur in areas where development and populations 
and tourism development proposals are increasing. The extensive forests at Monte Cristi 
are under considerable pressure from salt production on their upland fringes and reduced 
discharges of the R!o Yaque del Norte. Those Bahia de Samana near the mouth of the 
Rio Yuna may be under pressure, although the flyover did not reveal any visible evidence 
of conversion to rice. The mangroves of the Rio Higuamo, are located just north of San 
Pedro de Macoris and as a conEzquence are impacted. The upland fringes of these 
forests are altered and filled in numerous locations. . 
In all, while the forests on the north coast are relatively intact, increasing development 
pressure is evident. Forests of the south coast have been mostly destroyed, and those 
that remain are under considerable pressure. 
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8.7.2 Beaches 

8.7.2.1 General Status 

With the exception of the beaches located along the stretch of northern coast from Punta 
Buren to Bahia de Icaquitos, most of the beaches have been developed in one form or 
another. 

The beaches of the northeast coast have several large tourist resorts. Virtually all the 
dunes along this stretch of the mast have been altered and planted in palms. 

There are several small "pocket" beaches along the eastern windward shore from Cabo 
Engano to Cabo San Rafael that are still dominated by native dune vegetation. These 
beaches and the majority of this coastline is inaccessible, except f ~ r  a dirt road that runs 
along the coast. 

Roughly 50-70 percent of the beaches of the north coast from Nagua to Puerto Plata host 
some form of tourist davelopment. Here again, the natural dune vegetation has been 
given over to coconut plantations. 

The beaches and dune systems of the r?orthwest coast between Punta Buren and Bahia 
de lcaquitos are still relatively intact and represent the last vestiges of beach & dune 
native flora and fauna in the country. 

Beach erosion was noted at Puertc, Plata and Punta Nlacao; the former location was 
reported to have been caused by removal of the fringing coral reefs, while the latter 
appeared to be due to normal shifting of the point. The erosion at Puerto Plata may be 
aggravated by the construction of beach groins just to the west of the area of most 
intense beach loss. 

The beach loss at Boca Chica may be the result of jetty construction and the loss of 
fringing corals. It must bs mentioned that the beach nourishment project is only a 
temporary fix, at best, and may in fact aggravate the situation by further causing declines 
in fringing reef communities and seagrass beds. 

General Status 

While estimates from a single flyover of the coastal zcrne are difficult, it appears that well 
over 90 percent of the total area of marsh wetlands within the coastal zone have been 
converted to agricu!tural production, or otherwise seriously degraded. On the entire 
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northern coast, only a single marsh of approximately 100 hectares was noted that was 
somewhat intact, although there was encroachment along its eastern and southern 
edges). Wrthin this same wetland, located bletween Punta Macao and Playa del Macao, 
there was a significant bird rookery. 

Other areas of wetlands were noted but for the most part they were seriously degraded 
either from loss of hydrologic inputs or from cattle grazing. The impacts of agricultural 
chemicals within the remaining wetlands in close proximity to rice plantations represents 
a serious threat to remaining indigenous and migrating bird pop~lations- 

8.7.3 Coral Reefs 

8.7.3.1 General Status 

Near shore waters along the south and southwest coast, in places especially near 
concentrations of urban develo$ment, and where rivers discharged to the Caribbean, 
were relatively turbid and are believed to be areas of low coral productivity. The 
southeast coast along the Parque Nacional de Este and north has significant development 
of coral substrate, but these were more of the nearshore reef escarpments. In areas 
along the north coast where rivers discharged into the Atlantic, especially at Rio Yeguada, 
near Miches, Rio San Juan, and Rio Yasica, turbidity is high (substrates appear to be 
mud), not at all conducive to coral formation and growth. 

Wthout further evaluation in a more detailed study of reef condition, it is impossible to 
ascertain the general health of these communities. Professional judgement would suggest 
that the reefs of the northwest coast are in relatively pristine condition and those around 
Puerto Plata are probably suffering from over fishing, turbidity increases, and recreational - 
diving. 

- 

8.7.4 Sea Grass Beds 

8.7.4.1 General Status 
- 

In general, the sea grass beds on the south coast suffer from turbid river discharges and 
intense urbanization. For instance, the percent cover at Boca Chica was estimated at 
less than ten percent during the flyover. The beach nourishment now underway is 
seriously increasing both turbidity and sedimentation. I 
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Since there is a paucity of data and no quantitative inventory of coastal zone resources, 
it is difficult to provide trends in resource aburslance, especially seagrcsses. 
Observations of the entire coastal zone indicated that grass beds on the southe~st coast 
at Parque Nacional del Este were little impacted and those along the north coast for the 
most part were in relatively good condition. At several locations along the east and north 
coast where the larger watersheds discharged (Bahia de Yuma, Rio La Yoguada at 
Miches, Bahia de la Jina, Rio 'tabon near Sabana de la Mar, Rio Yuna, and Ria Nagua), 
there were obvious turbidity problems that probably have affected seagrasses. 

9 .  

It is unlikely there were extensive seagrass beds at Monte Cristi because of the inputs of 
organic stained water from'mamgroves and the discharge of Rio Yaque del Norte. On the 
day of the flyover, there was no discharge from Rio Yaque del Norte, yet the near shore 
waters in both Bahia Monte Cristi and Bahia de Manzanillo where extremely turbid, 
probably the result of bottom sediments and mangrove runoff. 

8.7.5 Fishery Resources 

General Sta&s 

Total annual fish catch for the Dominican Republic during the period from 1985 through 
1988 shows a peak in 1986, a decline in 1987, and a partial recovery in 1988 (Oficina 
Nacional de Estadistica, 1991). These trends are somewhat disturbing, but without better 
data collection and reporting, it is impossible to assess the status of fish stocks. 

Hartshorn et al. (1981) reporting INDOTEC estimates suggested that the total landings 
in the five years proceeding their report was near 7,000 metric tons/yr, and that 
sustainable yields are on the order to 10,000 metric tons/yr. Estimates based on data 
for 1988 (Oficina Nacional'de Estadistica, 1991) are that total fish landings for coastal 
cities was on the order of 14,OCM metric tons and current data provided by Departamento 
de Recursos Pesqueros for 19!30 show total landings of over 19,000 metric tons. Clearly 
there has been a significant increase in the ten years since the Hartshorn report. Again 
though, it should be emphasized that there is a paucity of data on individual species, or 
catch to effort analysis t~ determine the status of the fishery. 

8.7.6 Endangered Species 

General Status 

Unknown. Unfortunatciy there is a paucity of information and population trends for any 
of the endangered species of the coastal zone. 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents a prioritized list of conclusions concerning the current state of 
various aspects of the country's natural resource base, recommendations for Mission 
interventions, and action steps to be taken. All recommendations and actions have been 
made in light of the SGTNRM project's purpose which is to: 

assist in developing the knowledge, programs, and institutions which will 
enable the Dominican Republic to utilize quickly and effectively the 
resources available through the Enterprise for the Americas Initiative, to 
undertake large scale efforts to reverse the trends of environmental 
degradation of watershed and coastal zones, and to promote sustained 
growth through improved management of the country's natural resources. 

In particular, the SGTNRM project is designed to improve performance in three areas: 

I Problem Identification and Policy Ar:alvsis 
I I Natural Resource Management 
Ill Long-term Planning 

Each of the recommendations below will be parenthetically marked (I,ll,or Ill) according - 

to which of the three objectives it will most promcte. h 

P 
The SGTNRM project calls for intervention in "a.t least two coastal zones and two ~ ; r  

watersheds." The recommended sites are listed in tho first section of this chapter. The 
site selection methodology and decision-making criteria are presented in Annex I1 
Description of Methodology and Site Selection for Pilot Frojects. - - 

Ei 

9.: Conclusions and Recommendations Derived from Rural Issue Analvsls 
ii - - 

9.1.1 Provide Economic Alternatives to Subsistence Agriculture and Charcoal . 
Production 

9.1.1.1 Conclusion 
- 

The main cause of environmental deterioration and degradation of water and other natural - 

resources in the Dominican Republic is deforestation of areas' only suited for forest 
production, conservation of biological diversity, recreation, and water consen!ation. 
Dense and multi-storied vegetaticrr w4h deep roots as, in forested areas, acts as a 
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spongc? releasing water slowly, over more uniform time periods. Deforested areas may 
experience flooding during periods of rain, and little or no water in streams during dry 
seaons. Social and economic considerations, rather than technical limitations are 
responsible for the occurrence of such processes. 

Current rates of deforestation are primarily caused by the economic activities of low- 
resource farmers who !ack alternative means of subsistence. Projects which promote 
natural resource management activities must seek to provide low-resource farmers with 
economic alternatives to subsistence agriculture or charcoal production on unstable 
slopes and access to financial resources to reduce current deforestation rates. Incentives 
may include a link of resource/larrd rights to a continued supply of water resources and 
protection of the watershed as practiced in the San Jose de Ocoa model. Another 
incentive may include an economic option for the utilization of forest resources, based on 
sustainable rates of extraction. 

Results should include improved protection of areas only suited for consewation of water 
resources and biological diversity. 

Recommendation (11) 

Promote the creation of a positive incentive structure based on access to 
resources and alternatives to unsustainable exploitation of steep slopes through 
replication of the Jan Jose de Ocoa or similar models at other sites. Access to 
resources should be tied to protection or sustainable utilization of forest in areas 
suited for forest production. 

Action 

Select a pilot watershed as a demonstration site for the activities that should lead 
to environmental restoration and sustainable development. According to the field . visits, literature review, and the criteria established for the study, the areas with the 
highest prioriiy are the subwatersheds upstream of the Sabana Yegua reservoir 
and the Rio Nizao watershed. , ' 

Provide assistance for the development of community groups which will take active 
roles in the management of their natural resources. Administrative and technical 
assistance are the best means to accomplish this in a scheme similar to the one 
followed by the  an Jose de Ocoa development board. The actions 
recommended here will only succeed if the local population is included in the 
decision-making process from the outset. Participatory problem-solving and 
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project design methodologies ensure that project beneficiaries understand and 
agree with project objectives. In this instance, they will understand the value of 
maintaining watersheds in their current condition and will work to that end. 

Activiijes should include the movement of low-resource farmers from the more 
fragils areas within the selected watershed, to areas were they can make a living 
bassd on irrigated agriculture, forestry, and/or agroforestry, without causing 
environmental degradation. The transition can be accomplished through the 
development of small scale irrigation on more level lands which are generally 
owned by more prosperous farmers or landowners. The program would ensure 
that subsistence farmers and landowners share mutual interests. The generally 
landless, subsistence farmer would gain usufruct rights in perpetuity (inheritable) 
to the land and water in exchange for small rents and protection of the wai,?r 
source (if the water source dries up, usufruct rights are forfeited). In exchange for 
relinquishing usufruct rights, the landowner also receives irrigation on lands 
returned for exclusive use and income from rents. 

9.1.2 Improve Pesticide and Irrigation Water Management/D?ta Base 

Conclusion 

After deforestation, release of poliutants from the over us^ of pesticides, salinization of 
soils (release of salts), and mining operations have the greatest impact i,n water quality 
and aquatic habitat in the fresh water environments of the Dominican Republic. However, 
specific data on concentrations and impacts are not well documented with political action 
difficult to mobilize. 

Pesticide residues from agriculture operations are a non-point pollution source as they 
enter aquatic ecosystems through the margin of rivers and lakes carried by run-off. The 
presence of riparian vegetation along the river banks can effectively reduce the access 
of pesticides and sediments to streams and rivers. The greatest reductions in pesticide 
risk and contamination, however, come from education in the safe handling, use, and the 
implementation of IPM practices. 

Mismanagement of irrigation areas has caused water-logging and salinization over 
significant portions of irrigated areas in the Dominican Republic. As much as 58 percent 
of irrigated acreage in the Dominican Republic may be affected by salinization alone. 
Salinization affects water quality through increasing the salinity of irrigation runoff or waste 
water. Increasing salinity can damage freshwater river communities and the availability 
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of water for further use. As irrigation is the largest user of water, this is a potentially 
significant factor in water quality in the Dominican Republic. 

Mining operations are slightly less of a problem when observed from a national 
perspective as impacts are usually localized (point sources of pollutants). However, 
certain local areas and water sources of the Dominican Republic have been greatly 
impacted by mining operations, varying according to the nature of the minerals being 
extracted. Mitigation is site specific and usually requires restoration of the natural 
vegetation after mining operations. 

Recommendation (11) 

Provide technical assistance required to improve performance of intensive 
agricultural activities in the selected demonstration watershed, and reduce the 
impacts of agricultural runoff. These could include better water management, the 
rational use of pesticides, and the implementation of IPM. 

Action 

ordinate with the existing project on IPM, the On Farm Water Management, and 
PRODELESTE to provide needed assistance to the farmers in the selected 
demonstration watershed. Allocate additional resources to those projects, if 
required, in case the selected sites are not under the area of influence of such 
projects. 

Where applicable, provide technical assistance for the protection or restoration of 
riparian vegetation. In areas where the vegetation has been eliminated, include 
species that can provide additional income such as bamboo. 

Recommendation (I) . 
Develop a national data bank of pollution levels, problems, and impacts to 
precisely record data collected by different organizations. 

Action 

Through a competitive approach, sponsor a PVO to develop a data bank on 
pollution problems in the country. 
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9.1.3 Support Development of Improved Institutional Framework 

9.1.3.1 Conclusion 

The existing institutional framework is not ideal for the implementation of the 
recommendations cited earlier, such as tha creation or support of regional development 
boards to provide technical and other assistan~e to local communities for greater 
participaticin in their own development. Moreover, comprehensive legislation concerning 
the manslgement of watersheds is lacking, and roles of various government agencies are 
not clearly defined. The current legislation cor~trolling utilizacon of forestry resoutces is 
clearly cot ~nterproductive. 

The role of the central government should be redirected to provide guidance and an 
appropriate framework, leaving the actual implementation to community based 
organizations and PVOs. Comprehensive legislation specifically geared to promote 
integrated watershed management should be developed. 

Recommendation (I) 

The role of the central government should be redirected to provide guidance and 
the appropriate framework. Actual implementation should be left to community 
based organizations and PWOs. Comprehensive legislation specifically geared to 
promote integrated watershed management should be developed. 

Support should be provided to strengthen existing regional development boards 
as well as prgmote the establishment of new ones. The definition of an 
appropriate lesal framework is an important factor for support, and should include 
a) a legal basis i ~ r  integrated watershed management, and b) a legal basis giving 
regional development organizations a framework for action, a legal identity, and 
provision for independent tirlancing. 

Actions 

Promote legislation that will provide the basis for integrated wctershed 
management and the operation of local development boards. CONATEF, which 
has taken the lead in the current activities to compile and revise forestry legislation, 
may be the appropriate agency to support or undertake this exercise. Tho Mission 
should consider one of three options in its ensuing project design: include a policy 
dialogue component in the project; include policy compliance as a project convent; 
predicate disbursement of project funds upon policy compliance. 
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Provide support for the current process calling for modifications to forestry 
regulations requiring total restriction in the utilization of forest resources, and offer 
incentives for sustainable management of forest resources to the local communities 
and the private sector. 

9.2 Conclusions and Recommendations Derived from Demoara~hic, - - 
Socloeconomic. and Urban Issue AnaDvsis 

- 

Action is recommended on two urban issues. The first, waste and garbage collection, is 
1 an urban problem with an urban solution. The second, charcoal consumption, is an 

urban issue but a rural.problem. Urban use of charcoal is a factor contributing to soil 
erosion in rcral areas. 

9.2.1 Removal of Solid Waste and Garbage 

9.2.1.1 Conclusion 

Expanding urban populations, especially in Santo Domingo, are increasingly exposed to 
health risks associated with inadequate removal of garbage and human waste. Even the 

m 
a small portion of garbage removed by public services is not disposed of properly. 
- Seepage after rainfall carries coliform bacteria and othsr risk factors into the inadequately 

pressurized potable water system. All drinking water in Santo Domingo is heavJ:y 
contaminated making water-borne diseases the principal cause of the Dominican 
Republic's high levels of morbidity and infant mortality. 

- 

Municipal garbage collection suffers from all the ills affecting governmental institutions in 
- the country. An USAlD sponsored new project would lack the resource to begin to 
- - 

resolve this problem area. Also, the highest health hazards connected with garbage and 
human waste are located in the barrios of Santo Domingo, which are mostly unaccessible 
to garbage trucks. There is much evidence that private individuals and entrepreneurs will 
tespond to financial incentives for collecting garbage and delivering it to collection points 
where municipal trucks can take over. 

- Recommendation (11) 

Assist in the creation of private entdrprises collecting garbage from areas not 
currently served. 
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Action 

Provide a grant through the Private Sector Office to a non-governmental agency 
or entrepreneur tc, plan and implement a pilot project which buys and disposes of 
garbage. 

9.2.2 Reduction of the use of Charcoal 

9.2.2.1 Conclusion 

Charcoal production can be stopped in an area if the population is given the opportunity 
to make a better living by alternative means, thus contributing to the reduction of 
deforestation and soil erosion. 

Legislation against tha cutting of trees and the production of charcoal has been useless. 
Recent price increases for petroleum products appear to have driven up both charcoal 
prices and the demand for charcoal. Virtually all of the urban Goor (i.e., two thirds of 
urban households) and sever81 industries use charcoal as their principal energy source. 

Regrowth and su.Mng fore?! 2iinds make charcoal production feasible for about two 
more decades. Electricity arid petroleum proc'ucts are unlikely to become competitive 
with charcoal before the complete destruction of all forests. 

Replicate the San Jose de Ocoa model at numerous other sites, however, avoid 
all reforestation and terracing before local community structures can handle such 
projects in an autonomous way. 

Action . 
Finance the San Jas6 de Ocoa organization so it can send community organizers 
to help reactivate and/or found similar organizations throughout the watershed and 
adjacent watersheds. 

Recommendation (l,Ill) 

Build on A.I.D.'s ext~nsive experience elsewhere by following through on 
recommendations of earlier reports (e.g., Cobb et al., 1991) concerning fuel wood 
plantations. Alternative energy sources (e.y., wood and solar energy rather than 
charcoal for heating) should also be exploretd. 
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Governmentally controlled reforestation and wood production schenes should be 
awoided. 

Action 

Engage the GODR in policy dialogue concerning the benefits of energy farms and 
how to legislate and regulate this activity. Provide grants to PVQs to extend 
existing tree planting programs to include fuel wood. Exp:ore the potential of "debt 
for energy farms" swaps. 

9.3 Conclusions and Recommendations Derived from Coasta: Zone Analvsis 

9.3.1 Better Control of Freshwater Inflows 

Conclusions 

The most important problem in the coastal zone is the alteration of the timing and volur:ie 
of freshwater inflows to near shore waters due to activities in the rural and urban 
watersheds. Deforestation is the most important activity affecting the timing and volume 
of water flow in the rural watersheds of which the most important activity is the expansion 
of impervious surfaces. .Again, water cannot be absorbed by an impervious surface like 
a city street, and rushes to'the nearest low point or stream during times of rain. 

The volume and timing of freshwater inflow to marine systems is critical. Modification of 
inflows, causes rapid fluctifations in salinity and disrupts the saltwater-freshwater interface. 
With reduced flows, higher salinity water migrates inland from mangroves or estuaries. 
Marine organisms that are adapted to higt ~er  salinity waters migrate seaward or become 
extinct. Species ccrnposition is seriously impacted, productivity lowered, and main 
ecosystems destabilized. The net result in human terms is the decline of nearshore 
fisherias. 

klteration of the timing and volume of freshwater inflows also acts in synergy tu 
exacerbate the inflow of sediments and pollutants from activities in rural and urban 
watersheds (which already by themselves rank higher than all other impacts except for 
increased resource demand from urban watersheds). Higher volumes of flow during rainy 
seasons results i,rl higher water velocities and greater erosion and sedimentation. Lower 
flow voiumes during dry seasons leads to a concentration of pollutants. Slash and burn 
and tho implementation of urisustainable agricultural practices on steep slopes is one of 
the main causes of deforestatian and increased erosion. 
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Recommendation (II,III) 

Maintain and enhance freshwater inflows to near shore waters while simultaneously 
decreasing sediments and contaminants. Implement better watershed and water 
management, and improve agricultural pest and water management practices. In 
psrticular, develop water use plans for all rivers, especially the Jaque del Norte and 
the Yuna. Replicate the San Jose de Ocoa model at aumerous other sites, and 
implement integrated pest management. 

Actions 

1) Fund a pilot project(s) for the construction of wetlands for the capture of storm 
water run off and waste water recycling. Constructed wetland ecosystems are a 
low snergy, appropriate technology well suited to developing nations for improving 
f re quality of human discharges to the environment, runoff from urbanized lands, 
and the attenuation of rapid freshwater inflows. The industrial discharge to the 
Caribbean at Barahona may be a good location for a constructed wetland in lands 
immediately inland from the beach. 

2) In conjunction with INDRHI, support the development of a model water use plan 
for either the Rio Yuna, Jaque del Norte, or the Rio Ocoa. (If the proposal of the 
OAS and INDRHI to conduct a national inventory and planning exercise gets 
funded, this may not be necessary). 

9.3.2 Development of Better Fisheries Management 

9.3.2.1 Conclusion 

The second most critical problem in the coastal zone increased dema.nd for resource;, 
from: . 

A. Tourism development 
6. Increased urbanization 

Tourism and urban development increases the demand for fishery resources, potable 
water, land, labor, and even such obscure resources as palm fronds for thatching of 
beach front palapas. Many of the reefs and grass beds throughout the Caribbea? region 
exhibit indications of over fishing of such desirable species as lobster, conch, and the 
larger reef fish. The demand for curio items like corals and sea shells can easily out strip 
the potential of the marine environmsnt to provide them on a sustainable basis in areas 
of intense tourist development. 
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Increased demand for resources from urbanized areas in the coasti&l zone is probably the 
single biggest factor affecting the sustainability of nearshore fisheries in many areas. The 
absence of strict coi-;trols on use of resources, whether fisheries, beaches, or wildlancls, 
will diminish the quality of resources as populations incrba;;: ultimately leading to the 
collapse of the ecological system that produces the resourca(s). 

The potential loss of marine fisheries is a serious threat because of the number of 
fishermen affected, the importance of fish in the diet, and the impact on touricm. The 
potential of over fishing is critical, as a wt-lola and especially in local areas and for 
individual species. 

Recommendations (I,III) 

The potential for overfishing should be studied and regulations enforced. Better 
fishery management should be developed. 

Action 

Develop (fund) a program through !.+e Daparhent of Fisheries, and possibly 
CIBIMA, to monitor catch by species, area, and by unit effort, to estimate 
sustainable yield and guide management and enforcement. Coordinate with 
fishery projects and inventory of GTZ. 

9.3.3 Ps-delopment of Better Data 

Conclusion 

There is a serious paucity of adequate data with which to make accurate assessmepts 
of the scale and magnitude of problems, and to guide interventions and public policy, 
especially in the areas of: 
. 

A. natural resource inventories 
8. fishery status and use 
C. water quality 

Improve the quality and increase the quantity of data related to the amount and 
quglity of coastal zone resources, their use, and the impacts of human activities. 
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Actions 

(1) Fund a natural resources inventory of the coastal zone through an 
organization like PRONATURA or CIBIMA, or perhaps a consortium. A detailed 
inventory of the coastal zone is necessary to document resources and status. 
Since the World Health Organization has recently taken the initiative to begin a 
comprehensive water quality monitoring program, water quality data will be 
available soon. I: may be necessary to augment their water quality monitoring 
stations with some located in areas of high tourist concentrations like Puerto Plata. 

(2) Support a continuous research effort in the coastal zone by holping to 
establish a marine research station headed by CIBIMA. A strong program of 
research and training in coastal zone communities, issues, and management is 
urgently needed to train and educate individuals for management and regulatory 
roles in government and environmental edvcetion. ClBlMA already has a 
leadership role in this area, however, facilities for research and education at a 
coastal location are needed. There is strong justification (nearness to Santo 
Domingo, multi use conflicts, productive and diverse bay) for locating such a 
facility at Bahia Calderas. 

9.3.4 Study of One or More Coastal Areas Leading to Pilot Projects in Coastal 
Zone Management 

The third most critical problem in the coastal zone is "multi-use" conflicts 
manifested as cumulative impacts. For example: 

A. cumulative impccts of pollution, loss of freshwater inputs, and over 
fishing on fisheries, or 
B. cumulative impacts of loss of fresh water inputs, wood cutting, salt pond 
cons!ruction on mangroves. 

Recommendation (Ill) 

Develop a better understanding of the cumulative impacts of human activities in the 
coastal zone that can guide policy and management. Develop a pilot coastal zone 
management project using this understanding. 
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Action 

Implement a system study leading to recommendations for public policy and pilot 
coastal zone management in one or more of the following critical areas: 

a. Monte Cristi, Northwest coastline 
b. Bahia Ocoa 
c. Puerto Plata (added to potential sites) 
d. Samana Bay at Rio Yuna 

A systems study is a holistic approach of evaluating impacts and interactions 
between subsystems and various outside forces (see Figure A12 in Appendix 1 for 
a schematic; r2presentation of holistic approach to Monte Crisiti area). It should 
be designed to look at all aspects of human and natural resources and the 
interactions between them. Better coastal zone management will balance human 
activities and nature for improved sustainability (see Rgure A10 Appendix 1 for 
map of recommended sites for pilot project). 
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Table A l .  Total Catch and Value by Coastal Province (1988) including only coastal 
cities. 

- 

Notes: 
Total catch derived from coastal cities, only, but may contain some freshwater fish. 

(Republics Dominica en Cifra . 

I- 

Province 

District Nacional 

Azua 

Barahona 

El Seibo 

Espaillat 

Hato Mayor 

La Altagracia 

La Rornana 

Maria Trinadad Sanchez 

Monte Christi 

Pedernales 

Peravia 

Puerto Plata 

Sarnana 

San Cristobel 

San Pedro de Macoris 

TOTAL 

Catch 
(metric tons) 

2,272 

588 

628 

725 

13 

233 

1,479 r 

Percent 

15.2% 

3.9% 

4.2% 

4.8% 

0.1% 

1.6% 

9.9% 

Value 1988 
(1 000 RD$) 

$5,680 

$1,470 

$1,570 

$1,813 

$33 

$583 

$3,698 

$1,495 

$3,910 

$513 

$2,433 

$740 

$9,543 

$1,840 

$915 

$1,253 

$37,485 

598 

1,564 

205 

973 

296 

3,817 

736 

366 

50 1 

14,994 

- -  
4.0 36 

10.4% 

1.4% 

6.5% 

2.0% 

25.5% 

4.9% 

2.4% 

3.3% 

100.0% 
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Figure A6. Distribution of marine fisheries in the Dominican Republic 







Table A2. Matrix of coastal related activites, problems, and impacts. 

L 

Activttes - 
1. Tourism 

Development- 

Hotel & 
Infrastructure 
construction and 
operation 

Marina construction 
and operation 

Recreational 
activities 

II. Shipping 

Channel 
maintenance/ Jatty 

t construction 

Freighter traffic 

Maior Problems 

Release of 
pollutants and 
toxins 

Direct conversion of 
terr. and marine 
habitat 

Increased resource 
demand 

Direct conversion of 
ten: and marine 
habitats 

Release of toxins. 

Increased 
boating/diving 

Dredging 

Release of toxins/ 
Sewage/garbage 

Coastal 

Primary 

Water pollution 

Loss of habitat and 
food-chain support 

Over fishlnglother 
resource depletion 

Loss of habitat and 
food chain support 

Water pollution 

Physical destruction/ 
water pollution 

P hyslcal 
destruction/Turbidity 
increases 

Water pllution 

Impacts 

Secondary 

Shifts in comm. 
structure of marine 
habitats, violation of 
safe water quality 
standards 

Shifts in community 
structure, decreases 
in organism 
abundance, loss of 
fishery potential. 

Collapse of reef 
community, loss of 
fisherj potential, 
destruction of 
terrestial habitats. 

Destruction of reefs 
and terr. habitats, 
loss of fishery 
potent. 

Alteration of madne 
ecosystems and safe 
water quality 
standards 

Destruction of reefs 
and grassbeds 

Destruction of 
reefs/grassbeds/ma 
ngroves and other 
terr. comm. 

Alteration of marine 
ecosystems and 
violationof safe water 
quality standards 



- 
Loss of mangrove, 
salina and marine 
grassbed 
ecosystems 

Collapse of reef 
community 

Loss of marine 
ecosystems 

Alterations of marina 
ecosystems and 
vidatlons of safe 
water quality 
standards 

Alteration of 
estuarine/mangrove 
ecosystems. 

Loss of marine 
ecosystems 

Alteration of marine 
ecosystems and 
violation of safe 
water quality 
standards 

Alteration of 
estuarine 
ecosystems 

Collapse of fishery/ 
reef communities 

Aesthetics/darnage 
to marine organisms 

Ill. Mariculture and Salt 
Pond Development 

IV. Fishing 

V. Activities in rural 
watersheds 

VI. Development of Urban 
watersheds 

. 

Dlgging/bulkheadin 
g 

Ovemshing 

Inflows of 
sediments 

Inflows of 
toxins/nutrients 

Altered freshwater 
inflows 

inflows of 
sediments 

Inflows of 
toxins/nutrients 

Altered freshwater 
inflows 

Increased resource 
demand 

Solid waste 
dumping 

Physlcal 
destructio/turbidity 
increase/ Impacts on 
ecosystems 
interconnections 

Loss of fisher/habftat 
destruction 

Increased turbidity 

Water pollution 

Increased and/or 
decreased freshwater 
inflows 

Increased turbidity 

Water pollution 

Increased freshwater 
inflows 

Over fishiny/other 
resource depletion 

Water pollution 



Table A3. Total number of hotel rooms and estimated income by province. 

NOIeS 
Estimated income calculated assuming 65% occupancy rate income = $SOUS/night and $47US/day miscellaneous expenses. 

r 

PROVlNCE 

District Naclonal 

Azua 

Barahona 

El Seibo 

Espaillat 

Hato Mayor 

La Altagracia 

La Romana 

Maria Trinidad Sanchez 

Monte Christi 

Pedemales 

Peravia 

Puerto Plata 

Samana 

San Cristobel 

San Pedro de Macoris S 

TOTAL 

Coast 

S 

S 

S 

N 

N 

N 

S 

S 

N 

N 

S 

S 

N 

N 

S 

1,830 

16,982 

$42,114,248 

$390,81 1,012 

Number of Rooms 

3,839 

43 

41 

1,956 

870 

310 

103 

7,322 

656 

12 ---- 

Estimated Income* 

$88,347,867 

$989,570 

$943,543 

$45,013,917 

$20,021,528 

$7,134,108 

$2,370,365 

$1 68,503,017 

$1 5,096,692 

$276,159 



- 

Table A4. Ranking of Environmental 

Activhy/Problem 

Tourism Dweioprnent 

Release of Pollutants 

Habitat Conversion 

Inc. Resource Demand 

Marina Development 

Release of Pollutants 

Habitat Conversion 

Recreation Activities 

Increased Bcat/Drfving 

Shipping 

Channel and Jetty Const. 

Release of Pollutants 

Marlcul:. Development 

Habitat Conversion 

Fishing 

Over Fishing 

Act. In Rural Watersheds 

Impacts 

Hydrdo 
g l d  

lmporta 
nce 

1 

2 

1 

1 

2 

1 

3 

1 

2 

1 

in the Coastal 

Socio- 
Economlc 
irnportanc 

e 

4 

3 

5 

2 

3 

3 

2 

2 

2 

5 

Zone 

Ecological 
lrnportanc 

e 

2 

5 

5 

1 

3 

4 

3 

2 

3 

5 

lrreversl 
bility 

1 

5 

5 

3 

5 

3 

3 

4 

5 

4 

- 
Trends 

5 

4 

5 

5 

5 

5 

4 

4 

4 

4 

Scale 

2 

2 

3 

2 

2 

3 

2 

2 

2 

5 

Urgency 
Gravity 

3 

5 

4 

2 

4 

2 

2 

2 

2 

4 

Practlca 
lity 

4 

2 

3 

2 

4 

3 

1 

1 

4 

4 

Total 

3.375 

2.75 

3.5 

3.875 

2.875 

2.25 

3.5 

3 

2.375 

2.5 

225 

4 

4 

3.958 



Inflow of Sediments 

Inflow of Pollutants 

At. Freshwater Iflows 

Dev. Urban Watersheds 

Inflow of Sediments 

Inflow of Pollutants 

At. Freshwater Inflows 

Inc. Resource Demand 

Solid Waste Dumping 

4 

1 

5 

4 

1 

5 

1 

1 

3 

5 

4 

2 

4 

4 

5 

. 3  

4 

4 

5 

4 

5 

5 

5 

4 

5 

4 

3 

4 

4 

3 

5 

2 

3 

2 

3 

2 

2 

2 

3 

4 

5 

5 

5 

5 

5 

5 

5 

4 

4.1 25 

3.625 

4.125 

3.75 

3.25 

3.75 

4.125 

4.25 

3.375 

4 

4 

4 

3 

4 

4 

5 

4 

5 

4 

4 

2 

5 

5 

5 

5 
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Figure A10. Map showing the locations of potential pilot project sites, 
and main activities affecting marine and terrestrial resources 



Figure A1 1. Sewage Disposal in Santo Domingo 





APPENDIX 2 
Rational and Description of Methodology 

RH\:*king of Potential Project Sites 



DESCRIPTION OF METHODOLOGY 

- RATIONALE: 

- - The purpose of this report is to provide USAID/Dominican Republic and the government 
of the Dominican Republic with the information needed to make decisions concerning the 
allocation of its resources in the environmental-management sector. This sunmy had 
three principal tasks: 

- 

evaluate rural and urban activities effecting water and coastal resources 
nationally, 

identify and evaluate potential sites for pilot projects -- thereby giving focus 
and substance to the overall evaluation and 

- 
develop an action plan which the Mission can use to develop the 

- Sustainable Growth through Natural Resource Management project. 
d 

- 

As this study was an evaluation to ascertain priorities, it was decided to give a tour of the 
horizon, with an overview of as many activities and sites as possible, rather than to study 
one or two activities or sites in depth (any one of which could be the focus of a 12-to-1 5- - month study). As it was, the study was conducted by a four-member team over a three- 
week period (19 work days) and required the reconnaissance of 20 sites. 

The level of effort for the various activities is broken down in the following manner: 

3 days for orientation and consensus building on the objectives and 
- methodology of the study and other coordinating and administrative 

meetings, 
- 5 days for site visits, 

5 days for writing-up findings, 
1 2 days for travel (to and from country), and . . 

. e  4 days for meeting contacts and collecting hard .data. . 
The team leader was in the Dominican Republic for 20 working days before the team 
arrived to work with the Mission to establish objectives and methodology of the study, 
identify potential sites for reconnaissance and establish initial contacts. 

The task was ambitious for a three-week study, and trade-offs had to be made between 
comprehensiveness and detail. The methodology used to identify priority activities and 
sites, therefore, was basically a qualitative one that did not require detailed and 
quantitative data gathering and analysis. The methodology developed for this study was 
based on the methodology used by senior consultants Ian Nisbet and Robert Risebrough 
for the World Bank-funded Environmental Program for the Mediterranean (EPM). 



The task of these pollution specialists was similar to that of this team - to identrfy and 
preliminarily evaluate the myriad pollutants (activities) effecting the Mediterranean sea in 
order to determine the priority problems to be addressed. Their study also ranked 
marine pollution among other environmental problems encountered in the Mediterranean 
region. Their short, three-month study and 77-page paper was considered one of the 
most useful issued from the entire two-year EPM exercise, largely because of the 
methodology used to determine priority problems. In addition, TR&D recently completely 
a Your of the horizon' for USAID/Philippines. Over a six-weak period, the 10-person team 
generated a profile of Philippine urban and industrial environmental management, which 
the Mission then used to design its Industrial Environmental Management project. 

In this study, as well as in the EPM and profile, the team decided not to rely entirely upon 
economic analysis to determine environmental priorities as the shortcomings of a strict 
economic framework in environmental decision making are well known (Schramm and 
Warford, 1989). The key importance of economics as a decision-making tool is not 
neglected in this study. Its primary importance for Mission and government decision 
makers is clearly recognized. Economic evaluation was treated as a cross-cutting issue 
in the interdisciplinary analysis of the impact of each activity. Economics is also an 
important component of the prioritization methodology-and was one of the established 
evaluation criteria. The team attempted to qualitatively identify the economic costs of the 
impacts associated with each activity. In some cases, the team also put numbers to these 
impacts. Further economic analysis is an option of follow-on exercises; and the nature 
of these analyses is suggested by this study. 

The task was to organize data collection and evaluation in such a way as to enable 1) use 
of the methodology (to establish initial conclusions and priorities) and 2) completion of 
the task in the time allotted. In order to do this, the team used a scientifically valid 
technique - extrapolation from analogous situations to formulate initial conclusions 
(hypotheses). 

Once certain scientific (biological, ecological or sociological) principles are supported by 
the best available evidence, these same principles can be universally applied. For 
instance, once it has been shown that mangrove forests require freshwater and saltwater 
flishing to remain healthy, or that deforestation leads to greater oscillations in the timing 
and volumes of stream flows and increased sedimentation, it is not thought necessary in 
each new situation to perform the laborious data collection and. analysis that was 
necessary to establish the principle initially. The report does, however, try to support, 
wherever possible, claims with reference to the original scientific literature. 

The team believes that the considerable information provided in this survey will create a 
comprehensive picture of rural and urban activities affecting water and coastal resources 
in the Dominican Republic. The principal conclusions therein will provide the basis upon 
which the Mission and Dominican policy makers can make decisions concerning 
environmzntal-management efforts. 



DESCRIPTION OF METHODOLOGY: 
-- - 

I. Methodology for site selection and delineation. 

Tfle following are recommended criteria for site selection: 

Perceived hydrological importance 
Perceived socioeconomic importance 
Perceived ecological/biologicaI importance 
Irreversibility of major problems 
Trends in above 
Scale of problems 
Urgency/gravity of major problems 
Practicality 

- 
- Definitions/descriptions of these criteria follow. A weighing system was developed for 

each of the criteria (I-low; 2-moderately low; 3- moderate; 4-moderately high; 5-high). In 
order to select the recommended site, a matrix of sites visited versus the above criteria 
was constructed and sites prioritized based on an aver6ge of totals. See tab!e A2.4. Sie 
descriptions also follow in this appendix. 

II. Methodology for prioritization of problems associated with water and coastal areas. 

A similar exercise was conducted to determine the priority, natural-resource problem 
areas. The relative priority of risk from each problem was calculated using the following 
steps: 

. 1. Identify and describe the' general character of the problem, i.e. pollution with 
sewage wastes. 

2. For each problem, analyze and describe the following factors (defined below): 
hydrologic impact, socioeconomic impact, ecological-biological impact, 
irreversibility, trends, scale, urgencylgravity. . . 
3. , With the use of a weighing system developed for the purposes of this study, 
assign a numerical weight for each of the above eight factors. (g -low;2-moderately 
low; 3- moderate;4-moderately high;5-high) 

4. Based on an average of all factors, rank the problems in order of risk. See 
tables A2.1, A2.2 and A2.3, located after definitions. 



DEFINITIONS OF WEIGHING FACTORS 

Hydrologic impact: Problems or threats likely to have large negative impacts on tho 
quality or quantity of water resources will be given a higher weight than problems with 
smaller impacts. 

Socioeconomic impact: Problems or threats likely to substantially and detrimentally 
effect health, social livelihoods, social customs, aesthetic or other amenities, important 
cultural or historic artifacts or sites, or women, will be given a higher weight than those 
with minor sociocultural impact. We place higher weight on problenis that are likely to 
have substantial economic impact than on those with minor economic consequences. 

Ecological/biologicaI impact: Problems or threats likely to substantially hinder 
ecosystem functioning or key ecological processes, or that substantially interfere with the 
life cycle (feeding, breeding, nesting, etc.) of any organism of ecological importance will 
be given a higher weight than those problems with minor ecologic impact. In addition, 
problems or threats that substantially damage or destroy the genetic or evolutionary 
fitness of biota scientifically interesting because of its contribution to bio-diversity, its rarity 
or its life cycle will be given a higher weight than th6se problems with minor or no 
biological impact. 

Irreversibility: A great weight is assigned to problems for which continuation of current 
trends would resulted in consequences which are irreversible, at least on reasonable 
human time scales or at reasonable costs. Examples are the extinction of endangered 
spe~cies or the drainage or destruction of coastal wetlands. Intermediate weight is placed 
on problems which are theoretically reversible, but only on a long time scale, e.g. 
destruction of forests or contamination of shallow lagoons with metals or persistent 
organic compounds. Lower weight is assigned to problems which are more readily 
reversible, e.g. pollution with degradable organic compounds or discharge of sewage. 

Trends: Problems that are likely to continue to increase in severity, such as -problems 
related to population growth and the growth of certain economic activities, i.e. production 
of, sewage and solid wastes, receive a greater weight. A lesser weight is assigned to 
problems whose severity is likely to decrease. 

Scale: A greater weight is assigned to problems which occur on a.wide geographical 
scale than is assigned to local problems. Particularly high weight is assigned to problems 
that may have global implications or whose effects occur across national boundaries. 

Urgency/Ciravity: A greater weight is assigned to problems for which there may be 
.= irreversible or grave outcomes and for which little time remains to develop remedies. 

Problems which give us the luxury of a longer time scale to seek solutions are assigned 
a lesser weigh;. 



Practicality: Greater weight is assigned to problems whose gravity is commiserate with 
- 

-- 
available financial resources for project preparation and project implementation. Problems 

-- 
- - 

for which information, services and field work is available are assigned a greater weight. 
- 
- -- Local interest and support, including private-sector support and international donor 

agency support was also heavily weighted, as were problems whose remedies would not 
overlap with on-going projects. 



RANKING OF POTENTlAL PROJECT SITES 

COASTAL WATERSHED - Rural WATERSHE!) - 
Urban 

Monte Cristi 

Bahia Ocoa/Calderas 

Bahia Samana 

NW Coast @ Buen 
Hombre 

Boca Chica 

P.N. de Este 

Sabana Yegua 

Nizao 

Artibonito 

Laguna de Rincon 

Valle Nuevo 

Falconbridge 

Ozama/lsabela 

Barahona C-T;Z 

P.N. Jaraqua I Dole I 
Malecon Frudoca 

SITES RECOMMENDED 

The .coastal sites with the highest scores were: 

WATERSHED - Mixed 

Haina 

1) Monte Cristi 
2) Bahia Ocoa/Calderas 
3) Bahia Samana . . . 

Rrther study of one of more of these sites for final selection is recommended. 

The rura! site with the highest score was the upper watershed of Sabana Yegua and the 
urban site was Ozama/lsabela. 

Further detail about each of these sites, and the basis for the ratings, can be found in the 
following site descriptions. 
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Table A2.2 Ranking of 

Activii/Problern 

Tourism Development 

Release of Pollutants 

Habitat Conversion 

Inc. Resource Demand 

Marina Development 

Rdease of Pollutants 

Habitat Conversion 

Recreation Activities -- 
Increased BoatIDrMng 

Shlpping 

Channel and Jetty Const. 

Release of Pollutants 

Maricult. Development 

Habitat Conversion 

Fishing 

Over Fishing 

, Act. in ~ u d l  Watersheds 

lnfiow of Sediments 

lnfiow of Pollutants 

dt. Freshwater Inflows 
a 

Dev. Urban Watersheds 

Inflow of Sediments 

Inflow of Pollutants 

Alt. Freshwater Inflows 

Inc. Resource Demand 

..Solid Waste Dumping 

Environmental 

Hydrolo 
gical 

lmporta 
nce 

1 

2 

1 

1 

2 

1 

3 

1 

2 

1 .  

4 

1 

- 5 

4 

1 

5 

1 

1 

Trends 

5 

4 

5 

5 

5 

5 

4 

4 

4 

4 

5 

5 -  

5 

5 

5 

5 

5 

4 

Scale 

2 .  

2 

3 

2 

2 

3 

2 

2 

2 

5 

4 

4 

4 

3 

4 

4 

5 

4 

Impacts in 

Soclo- 
Econom 

Ic 
lmporta 

nce 

4 

3 

5 

2 

3 

3 

2 

2 

2 

5 

3 

5 

4 

2 

4 

4 

5 

3 

the 

Ecolo 
gical 

lmpor 
tance 

2 

5 

5 

1 

3 

4 

3 

2 

- 3  

5 

4 

4 

5 

4 

5 

5 

5 

4 

Urgency 
Gravity 

3 

5 

4 

2 

4 

2 

2 

2 

2 

4 

5 

4 

5 

2 

5 

5 

5 

5 

Coastal Zone 

lrreversi 
bility 

1 

5 

5 

3 

5 

3 . 

3 

4 

- 5 

4 

5 

4 

3 

4 

4 

3 

5 --------- 
3 

Total 

3.875 

2.5714 

3.7143 

4.000 

2.857 

2.286 

3.500 

3.000 

2.375 

2.714 

2.429 

2.857 

4.000 

4.1905 

4.2857 

3.8571 

4.4286 

3.75 

3.4286 

4.000 

4.428 

4.429 

3.429 



‰� able A2.3 Ranking of Urban Activities/Water Quality lssuea 

. 

- 

Scale 

5 

Urgency 
Gravity 

5 

5 

4 

4 

5 

5 

2 

3 

1 

Trends 

5 

Total 

4.000 

4.1 429 

5 

4 

4 

4 

4 

2 

2 

2 

A~VITIES/ISSUES 

SOLID WASTE DISPOSAL 

Cont sdMs 

5 

5 

5 

4 . 
4 

. 

4 

4 
4 

3.8571 

3.8571 

4.2857 

3.4286 

3.8571 

3.8571 

3.8571 

3.000 

2.6429 

3.000 

2.2857 

' Release of pollutants 
- 

STORMWATER RUNOFF 

- Alt Freshwater Inflows 

Inflow of Pollutants 

- SEWAGE DISPOSAL 

Cont. BOD 
- 

Cont. Coliform 

USE OF 
GROUNDWATER/INJECTI 

- ON OF SEWAGE 
- 

Cont Coliform 

INDUSTRYflHERMO- 
ELECTRIC 

Release of Pollutants 

Inc. Temperatures 

Hydrd 
ogical 
Impact 

4 

3 

5 

3 

5 

5 

4 

1 

3 

3 

Socioec 
onomic 
Impact 

5 

5 

5 

2 

2 

4 

2 

2 

1 

Ecologi 
cal 
Impact 

3 

lrrevers 
ibility 

2 

2 

5 

4 

5 

3 

3 

4 

4 

2 

2 

2 

2 

2 

4 

3 

1 



'able A2.4 Rankina of Rural Acl itieslwater Quality Issues - 
Socio- Ecological Irrever- Trends 

Economic Importance sibllity 
Importance 

TOTAL A(=TIViTIES/ISSUES Hydrologi- 
Cal - Importance 

CHARCOAL WOOD 
4 PRODUCTION/ - DEFORESTATION 

At. Freshwater Inflows 5 

Increased 5 

Scale Urgency Gravity 

Sedimentation - - 
- CROP PRODUCTION,' 

IRRIGATION 

Forest Conversion 

Al t  Freshwater inflows 5 - 
- Increased 5 

Sedimentation 
- I - Overuse of Pesticide 

Release of Pollutants 1 5 

Salinization I 
Release of Pollutants 5 

Water Consumption 

At. Freshwater Inflows 5 

- LIVESTOCK 
PRODUCTION 

Overgrazing 
- Increased 4 

Sedimentation 

MINING/€XCAVATION 

lncreaseci ' 4 - Sedimentation 
- 

HYDRO-ELECTRIC - ENERGY 

Decreased 5 
Sedimentation 

At. Freshwater Inflows I 3 



COASTAL SITE SELECTION FOR PILOT PROJECTS 

Coastal Site 1: Monte Cristi 
. . 

General description: Located on the northwest coast, the area surrounding the 
settlement ot Monte Cristi is dominated by mangrove and salina. Salina areas are under 
intensive salt production. Evidence indicated some minor limber cutting .although no 
strong indications suggested that this activity was a threct to the mangrove area's 
continued existence. The mangrove areas are a national pi-?. [Parque Nacional Monte 
Cristi). 

Distinguishing hydrological characteristics: Rio Yaque del Norte discharges to this 
area at Bahai de Monte Cristi. At one time, the river was an important source of organic 
matter and freshwater. The flow has been much reduced as a result of extensive use of 
upstream river water for irrigation. The team's flyover founi no evidence of discharge 
from the river, as its flow had been entirely diverted for irrigation purposes 30 kilometers 
upstream at Guayubin. . 
Distinguishing biological characteristics: The marine environment is an extremely rich 
estuarine fishery supported ~y river discharges of organic matter and the export of detriil 
matter from the mangroves. Much of the backwater mangroves are scrub, attaining an 
overall height of only two meters or less. Coastal and tidal-fringing mangroves aro more 
robust, attaining heights of 10 meters. During the flyover, a flock of more than 200 
rosette spoonbills were seen feeding in the area. 

So~%iocultural importance: Two settlements in the area rely extensively on fisheries. In 
addition, evidence indicated marina deveiopment, and ten-to-15 yachts were observed 
docked at new boat slips. 

Economic importance: The area is an extensive, near-shore fishery and could offer the 
opportunity as the base for an eco-tourism industry. . - 
I\nanagement/land tenure: There is no current management although the mangrove 
areas have been declared a national park. The "upland fringes" of the mangroves include 
two settlements and extensive areas of salt production. Timber harvesting has been 
reported in the upland fringes of the mangroves although it was not confirmed during the 
flyover. 

Status/pressures: An area of less than 100 hectares of mangrove at the mouth of the 
Rio Yaque del Norte was dead, probably the result of the reduced freshwater input of the 
river. The use of salina areas for salt production could be an important pressure if salty 
brines are discharged directly to the mangroves. The impacts of salt production needs 
investigation. 



Activities/agencies: The mangrove area is a national park. How much of the area given 
to salt production is within the national park is unknown. 

Rate of changelurgeney: Evidence indicates increased development in the area; a 
channel had just been cut through a portion of the mangroves to provide boat access to 
open water. Therefore, the rate oi change may be increasing, also increasing urgency of 
the need to address the environmental impact. 

Impacts/costs of trends: So far, areas of human impact are along the fringes of the - 

mangrove systems and involve the loss of important driving energies, such as freshwater 
and organic matter. The loss of the river discharge could have serious implications on - 
the productivity of near-shore areas. Typically, declines in coastal fisheries resulting from 
decreases in river discharges are not noticed for one or a combination of the following 
reasons: (1) storages of organics in the benthic communities can carry the system for 
some time, (2) continued inputs from mangroves during storm events can provide some 
of the needed organics, and (3) annual, natural variability in marine fisheries often masks - 

- 
early declines. However, depending upon the budget of organic matter and which ssurce 
is the greatest, the impacts of river diversion are extremely important. . ., 

Practicality: The area is relatively compact and offers gdod potential to develop a project 
of sustainable multiple use under extreme pressure from both external and internal - - 

development. It represents an important coastal marine habitat that is under serious 
pressure from both internal development (salt production, wood cutting and possibly over- t 
fishing) and external pressur (the declines in river discharge). 



Coastal Site 2: Bahia Lzs Calderas and Bahia De Ocoa 

General description: Bahia las Calderas is an extraordinary, sheltered bay 30-40 
kilometers southwest of Santo Domingo. It has been suggested as an ideal location for 
a ClBlMA marine lab. The team's site visit encompassed the entire Bahia de Ocoa since 
there were several indications that the larger bay was under development pressure and 
may represent a potential site for coastal- zone-management studies. 

The Dominican Republic Navy has a presence at Bahia las Calderas on its eastern shore. 
There is some evidence of second-and-vacation-home development as well as a large salt 
operation near the western land terminus (Punta Caballera). On the western shore at 
Puerto Viejo, there is a large off loading LP gas terminal. 

Distinguishing hydrological characteristics: Bahia las Calderas is dominated by local 
drainage only. The surrounding landscape is dominated by dry thorn forest and receives 
less than 1000 mm of rainfall per year. The fringes of the bay are dominated by salt flats 
and to a lessor extent mud flats. The water of the bay had exceptional clarity the day of 
the team's visit. Bahia de Ocoa receives the oufflow of the Rio Ocoa. The river was not 
flowing the day of our visit. It has been said that when it does flow especially during large 
storm events it has an extreme sediment load that has already caused serious disruption 
to the bay and potentially to the fishery. The Rio Jura drains into tbe bay along its 
northwestern shore, west of Azua. 

Distinguishing biological characteristics: Because of the relatively arid surrounding 
landscape and the bay's relative protection from the southeastern trades, the waters of 
both bays are extremely clear. Some small areas of mangrove and button bush was 
found along the northern shore of Bahia de Ocoa. Extensive areas of coral are reported 
in the western quadrant of Ocoa. The entire bay has a well developed artisanal fishery. 

Sociocultural importance: The eastern shore of Ocoa and Calderas, especially around 
Palmar de Ocoa and to a lessor extent near Las Salinas, includes relatively well developed 
areas of second homes (presumably vacationing populations from Santo Domingo). The 
clear, calm waters and good fishing have attracted considerable investment.' Artisanal 
fishing in the area is an important source of income. We counted more than 70 fishing 
boats were counted, leading30 an estimate of a fleet of about 100 boats. The assurance 
of regular irrigation, due to the dam at Rio Ocoa, has resulted in a great deal of 
investment in agricultural infrastructure. 

Economic importance: Besides the artisanal fishery and second-home development, 
discussions with E. Puqibet of the national aquarium indicate there is interest on the part 
of government in developing a shipyard at one of three locations: Calderas, the northern 
shore, or at Puerto Viejo on the western shore. Agricultural development near Palmar de 
Ocoa suggests a relatively well developed agricultural sector. Much wood cutting was in 
evidence and we were told that much of the charcoal from the area is transported to 
Santo Domingo. The salt ponds at Las Salinas prodlice about 48,000 bags of salt per 
month at an average weight of 70 kilos per bag. 



Managernent/land tenure: Land tenure on most of the lands on the eastern shore 
appears to be relatively stable. Relatively large agricultural land holdings seem to 
predominate. On the northern shore, land tenure is more marginal, with numerous 
sefflements of 5-10 dwellings, where the population both fish and farm small plots and 
raise livestock. 

Status/pressures: Timber cutting north of Palmar de Ocoa and along the northern 
shore, as well as small scale farming and grazing have altered much of the dry forest. 
Incidental evidence (observations of the very young age of conch landed. by one 
fisherman) at Las Salinas suggests that the conch fishery is nearly depletad. 

Activities/agencies: At the present time little is known about planning and management 
activities in and around the bay. 

Rate of change/urgency: It can be expected that pressure on the fishery will increase 
through the next decade with a growing, second-home tourist presence. Irrigation water 
from the dam on the Rio Ocoa has spawned considerable investment in agricultural 
infrastructure around Ocoa, and this trend will likely continue. Timber cutting for charcoal 
may continue to place considerable pressure of the dry . forests of the area. 

Impacts/costs of trends: Factors which will increase pressures on the bay are 
increased second-home development -- due to the bay's proximity to Santo Domingo - 
fishing and agricultural development and construction of a shipyard -- should such plans 
become reality. Since the general coastal currents along the south shore of the island 
are from east to west, and probably, for at least some portions of the year, the near-shore 
currents may also be from east to west, the waters -of Santo Domingo, laden with 
pollutants, might potentially effect the bay. 

Practicality: The waters and surrounding lands of Bahia de Ocoa and Bahia las Caldera:; 
represent a good opportunity for planned intervention in the form of coastal-zone 
planning, site evaluation, and regulation oi dcvelopment activities and the integration of 
multiple use of this important resource. 



Coastal Site 3: Samanii Bay 

- General description: Located in the Northeastern Dominican Republic, Semana Bay is 
the largest bay in the country. It is fed by the Rio Yuna, is one of the largest rivers in the 

- country. The predominant vegetation of the area is degraded, subtropical, humid forest. 

Distinguishing hydrological/geological characteristics: The ar'ga around the bay, 
particulariy within the Los Haitises National Park, is composed of an extremely permeable 
karstic substrate of marine origin. The undulating karstic hills in the park may be unique 

- 
- 

in the world. The area receives the highest rainfall in the country (average 
2,500mm/year), as trade winds blowing from the east or northeast first drop their 

- moisture upon hitting the SamanA Bay area, particularly the Cordillera Oriental and Los 
Haitises. (Speculation suggests that Los Haitises controls the weather for the country.) 
Rapid percolation of rainfall occurs in the karstic areas,' such that rivers are not formed. 
Especially critical may be the hydro-geology of subterranean water supplies and their 
relationship to rivers on the south side of the eastern range, including those feeding Santo 
Domingo. .. 

- Distinguishing biological characteristics: The bay is the most important sanctuary for 
- Fumpback whales in the North Atlantic. And it has the largest extension of mangroves in 

the Dominican Republic. Due to the nutrient-rich waters being supplied by the outflow of 
- 

the Barracote and Yuna Rivers, the bay possesses potentially ideal nursery conditions to 
sustain large populations of commercially valuable shrimp, oysters, and fish. The bay also 
is considered one of the most important marine nurseries in the Caribbean; it has been 
recommended to the National Parks Directorate (DNP) that the park's limits be extended - 

to include the complete estuaries of the Yuna and Barracote rivers and adjoining 
mangrove areas. Studies have identified 78 endemic and 32 migratory bird species in the 
Los Haitises National Park, with 13 of these native only to the park zone. Many species 
of bats live in the karstic caves. . 

Socioeconomic importance: The bay is home to the most important shrimp fishery in - 

- country. Other economic activities include whale research and tourism, with much 
potential for em-tourism yet untapped. Miches, close to beaches and the second-largest 
town .in the province, is undergoing development for tourism. There is also on-going 
exploration and drilling for oil. 

Managernent/land tenure: Land around the bay is a mixture of private and state-owned 
tracts. One national park, Parque Nacional Los Haitises, and one scientific reserve, 
Reserva Cientifica Lagunas Redonda Y Limon, border the bay on the southern side. 

Status/pressures: Development of irrigated agriculture in Yuna River valley and 
particularly the poor use of agro-chemicals has had serious debilitating effects on the 
fisheries. The mangroves are being cut for charcoal. And according to a 1986 report, only 
20 percent of the 20,800 ha belonging to Los Haitises National park remained in a natural 
state; more than 3,000 families were reported to live within the park boundaries, most 
practicing slash-and-burn agriculture. Only shallow pockets of organic material remain on 



top of the karstic .substrate, and after slash-and-burn has exhausted the land, cattle 
ranchers buy the 'rights' of the farmer to graze cattle. The Banco Agricola has given loans 
to farms to grow malanga. or yautia in the park, as the government wishes to stimulate 
exports. 

Af:tivities/agencies: Spanish Agency for International Cooperation (AECI), with the DNP 
is undertaking a study and preparing a management plan for Los Haitises. 

Rate of change/urgency: It was determined in 1988 that Los Haitises Park was in urgent 
need of protect~on. Neither the rate of change of other areas surrounding the Bay nor 
the urgency of planning has been determined. 



Coastal Site 4: Northwest Coast at Buen Hombre 

General description: 'This coastal area is north east of Monte Cristi, between Punta 
Burne and the Bahia de Icaquitos. Extensive off-shore coral reefs provide some protection 
from waves. Apparently intact are the coastal dune systems, mangroves, salania areas, 
beaches and . eefs. The area is said to be the last remaining area on the coast where the 
dunes are dominated by native vegetation. 

Distirrguishing hydrological characteristics: By the gross features of the coastline and 
sand awumulations associated with escarpments, the dominate near-shore circulation is 
from east to west. 

Distinguishing biological characteristics: This site is an excellent example of the 
native, coastal-communities grading, from reefs and marine beds, through dunes, with a 
mangrove slough behind, upland, to dry and moist forests. The area does not have a 
large human population and thus, remains in a relatively natural state. 

Sociocultural importance: The area is the base for a small artisanal fishery. Some 
evidence suggests salt production at the western end near Monte Cristi. 

Economic importance: This zone could become an important eco-tourism area if 
development were strictly controlled and visitors could be brought in for day trips that also 
might include the mangrove systems of Monte Cristi. 

Management/!and tenure: No management now exists. During the team's flyover, two 
very small concentrations of houses -- at Playa Punta Rucia and at Cacao -- were 
apparent. Several isolated homesteads were scattered across the area, within the coastal 
zone. There was no evidence of fishing boats on any of the coastal areas except for 
appioximately 20 homes and about six to eight boats Playa Punta Rucia and about 20 
homes and five boats on shore at Cacao. 

Status/pressures: The area does not seem to be under much development'pressure. 
In order, however, for it to be preserved, proper planning -- with the goal toward good 
cuastal-zone management 'and preservation of the resource base - should be 
implemented as soon as possible. 

Activities/;agencies: None that are apparent. 

Rate of change/urgency: The rate of change has not been exceptionally fast in the 
recent pas,t. The announcement, however, that a single, large hotel chain intends to build 
a resort in the area could indicate coming change. 

Impacts/costs of trends: Few human impacts and no environmental losses were noted. 



- 
Practicality: This area is extremely important because it represents the last area of 

- - coastal beaches, reefs, sea-grass beds, mangrove, and transitional uplands that has not 
been developed or converted to agricultural production. The area should be preserved 

-1 - for both cultural and ecolagical reasons. If preserved, the area could form the basis for 
an eco-tourism industry along the northwest coast. - 



Coastal Site 5: Boca Chica 

General description: Boca Chica is a public-recreation area east of Santo Domingo. It 
has recently gained notoriety due to "beach nourishment" practices there. 

Distinguishing hydrological characteristics: Circulation in Bahia de Andres is poor, 
due to its location along the coastline. Wind fetch and wave action is directly onshore for 
much of the year. 

Distinguishing biological characteristics: The enclosure has caused poor circulation 
that, combined with possible enrichment with waste water from hotels and bathers has 
increased nutrient loads. In addition, the town of Andera, Boca Chica, and Ensanche 
Belle Vista add significant nutrient load through improper sewage treatment and the 
common practice of aquifer injection of wastes. During the team's flyover, sea-grass 
coverage was noted in a very small percentage of the total bay bottom. It is probable ' 
that the spatial extent of the grasses was much greater in -the past and that they have 
diminished as the result of diminishing water-clarity. 

Sociocultural importance: The beach has high visitiility; a number of environmental 
groups are opposing the beach-nourishment project. 

Economic importance: Boca Chica is the mair: recreational beach for the city of Santo 
Doming o 

Managernent/land tenure: The Boca Chica Public Recreation Area is entirely owned 
and managed by the Government of the Dominican Republic. 

Status/pressures: Population growth in the Santo Domingo area will increase pressure 
on the beach. 

Activities/Agencies: The Assiacion Pro-Desarrollo de Boca Chica and Ayuntarniento del 
Distrito Nacional are spending 40 million pesos on the beach-nourishment project. 

. - 
Rate of change/urgency: 'Since the rate of degradation is approximately equal to the 
;ate of population increase, urgency is not great. Since the bay has been in slow decline 
for several years, little need exists to act swiftly to try improve the situation. The apparent 
degree to which sewage and industrial pollution is causing the decline of sea-grass beds 
makes effective remediation nearly impossible. 

Impacts/costs of trends: With continued human intervention, the bay will continue to 
decline in environmental quality. The beach-nourishment operation has caused and will 
continue for some time to cause serious turbidity problems within the bay. 



-53 Practicality: Little can be done to solve the bay's problems. Neither over-enrichment nor 
-- - the efforts to enhance the beach through nourishment for economic reasons can be 
- 

- 

- - 
easily undone. Alternatives that would favor the sea-grass beds and coral reefs would 

- 
- 

-- - 
result in the loss of the beach's recreational potential. But continued nutrient enrichment 

- 

- - - and possible industrial pollution may eventually cause the popularii of the beach to 
seriously decline. 

- 

- 
- 



Coastal Site 6: Parque Nacional del Este and lsla Saona 

General description: A national park at southeastern end of the island, it contains 950 
hectares of mangrove on the mainland and north coast of lsla Saona. A bioluminescent 
bay (Bahia Calderas), extensive areas of sea-grass beds (primarily Talassia) and several 
extraordinary beaches along its western shore all contribute to the area's biological 
importance. 

Distinguishlng hydrolalgical characteristics: No rivers flow within the park. The entire 
area seems to be dominated by local drainage. the Island of Saona has a large area of 
mangrove and salina (Luguna 10s Flaniencss) immediately to the west of the settlement 
known as Mano Juan. PInother such area can be found east from the settlement (Laguna 
Canto de la Playa). 

Distinguishing biologilcal characqeristics: Extensive areas of mangrove line the coasts 
of Paso de Catuan. Grass beds are located in the protected areas along the southwestern 
shore of the mainland. The numerous lagoons of the area and especially the Las 
Calderas (the bioluminescent bay) all distinguish the area biologically. 

Sociocultural importance: Because of its relatively remote location, the western 
coastline of the park is relatively unaffected.. The coastal waters are productive and 
appear to be fished by local fisherman. An old jail on the southern shore of Saona at 
Mano Juan may be restored by the park service. 

Economic importance: ?he park representsan extensive area of wildlands that could 
form the basis of a compact, eco-tourism industry, centered around the airport near Cabo 
Rojo. A resort at Cabo Rojo appears to use the remote stretches of the coast for day 
trips. Several tourist groups from farther east were observed using beaches for day 
expeditions. 

Management/land tenure: As with most of the national parks, littls if any active 
management exists. The park service has a presence at Mano Juan, where it'maintains 
several buildings and at least two park rangers. Settlements within the 'park are located 
,on the island of Saona and along the eastern shore at La Granchorra, Las Canas, and 
El Algibe. 

Status/pressures: Timber cutting has been reported in the northern portions of the 
park, at Mano Juan, and at the settlements along the eastern shore. Increased tourist 
presence along the western shore is evident at several beaches that have been cleared. 
Park person~iel voice concern that increased boat traffic and the additional use of Las 
Calderas will negatively effect the grass beds. 

Activities/agencies: A work plan for activities sponsored by The Nature Conservency 
has begun. The work plan will identify resources most at risk and develop a master plan 
for the park. 



Rate of change/urgency: With a growing tourist presence in that portion of the island, 
pressure on the park is expected to increase through the next decade. 

impacts/costs of trends: Loss of sea-grass beds from increased boat traffic and 
impacts within U s  Calderas comprises the most critical impact. Of secondary importance 
is timber cutting near several fishing settlements within the park boundaries and from 
populations immediately to the north of the park. Increased tourism development at Cabo 
Rojo could increase local populations as well, adding ta the pressure for fuel wood. 

Practicality: Infrastructure could be improved to provide better access to the interior 
portions crf the park. Funding to increase park personnel would enable better 
management of park resources and regulation of park use by tourist, day-trip services. 



z Coastal St:e 7: Parque Nacional Jaraqua, Coastal Site, Southwest. 

General description:. This 140,000-ha park was created in 1983 to protect the coastal 
- and marine environment of the southwest. It contains 12 vegetation types including dry 

forests and mangrove forests. Immediately to the north, an extensive area of agriculture 
- and the city of Oviedo exert pressure on the northern resources of the park. 
- 

Distinguishing hydrological characteristics: The park contains two) - Laguna de 
I Oviedo and Laguna Salada - of only a handful of freshwater lagoons in the .country. No 

rivers drain into the park, which is dominated by local drainage. 

Distinguishing biological characteristics: The park, dominated by dry forests, is located 
in a region of high bio-diversity and enclemism. Preliminary studies have inventoried more 

- than 400 plant species (most regionally endemic), 130 bird species (10 endemic to 
island), 54 reptile species (36 locally endemic). The park contains the Caribbean's largost 

- 

- 
colony of birds and one of the most important sea-turtle-egg-producing regions in thg 
Caribbean; fourteen marine turtle species nest along its beach. isla Beata and lsla Alto 
Velo are located within the park. - 

- 
" - Sociocultural importance: Although the park is located in one of the poorest regions in 

- the country, the large agricultural zone to the immediate r~orth is very productive. - 

Economic importance: A relatively rich fishing zone, the Laguna de Oviedo supports an 
- important fishery for the city of Oviedo. The southwest coast of the park has high 

potential as an eco-tourism destination. . 
Management/land tenure: Although Parque Naciorlal Jaraqua has been legally declared 

- 
- a national park, the presence of park personnel is limited to an outpost at the northern 
- boundary where Highway 24 enters the qark. It has been reported that a citizens group, 
- Grupo Jaragua, organized by Sixto Inchaustegui, is promoting the park and helping to 

clean beaches and protect nesting turtles. While few residents inhabit the park, the City 
of Oviedo, to the north, exerts extensive pressure on the park. 

Status/pressures: While the park is located one of the best, ecologically conserved 
areas, some areas near its nor~lern boundary are degraded due to over-grazing, over- 
fishing and deforestation for charcoal production. Conflicts exist between locals and 

= authorities over the harvest of crabs, sea turtles and their eggs; control is difficult. 
-1 Beaches are heavily littered with sol~d waste, washed ashore by currents all the way from 1 

Santo Domingo. Garbage has been reported to be so thick that turtles have no place to 
lay eggs. 

Activities/agencies: The park iis part of the Parks-in-Peril program, assisted by Grupo 
Jaragua and sponsored by The Nature Conservancy and World Wildlife Fund (WWF). 
DRP has a small presence. The! Domicana de Associaci6n Ecologistas is conducting an 
environmental-education campaign in neighboring communities Aguas Negras and 
Mercia. And Las Mercedes sponsored a day trip, which cleaned up the beach. 



Rate of change/urgency: Diminishing resources around the park and continued 
population growth could continue to place pressure on fringing resources of the park and 
could compromise tho park's current situation. 

Impacts/costs of trends: A loss of bio-diversity and endemiclendangered species, as 
wall as damage to a potential eco-tourism industry has already occurred. 

Practicality: High pstsntiai exists for education within the local communities, especialy 
regarding preservation of coastal resources and wise management of lands. A program 
of environmental education coupled with field trips to some of ths more interesting areas 
within the park for school children could increase awareness and respect for resources. 



Coastal Sits 8: El Malecon 

General description: This coastal area is located immediately west of the mouth of the 
Ozama River. The area extends approximately 5 km to the west along the Caribbean sea. 

Hydrological importance: Located next to the delta of the Ozama River, this area 
receives pollutants, floating debris and suspended particles discharged by the river. In 
addition, it receives all runoff and untreated sewage and industrial waste from the western 
part of h e  capital. Two important industries are dumping waste directly into4he sea: 
Cerveceda Nacional Presidente and Metald6n (Meales Don71nicanos). Runoff from the city 
is high (i.e,80 percent of rainfall) and large quantities of solid waste are carried to the sea 
because of garbage-=ollection problems in the capital. The volume of sewage discharged 
is unknown. 

Ecological/biological importance: As a coastline next to an important river, this ?ires 
is of great ecological and biological interest. Pollution from the river, untreated sewage 
and indcstrial waste pose real threats to both public health and marine life. These 
pollutants are also transported by sea currents, affecting large areas of the coast and the 
Caribbean sea. . 
A 3 cm storm can easily produce some 250 m3 of runoff/ha. In Santo Domingo, with an 
area of approximately 20,999 ha, such a storm may produce up to 5 million cubic meters 
of runoff. This stormwater carries garbage, sediments and pollutants from streets and 
other areas to r' !ers and the sea. Debris floats on the water, reducing aesthetic value 
and discouraging tourism and other recreational uses. Great quantities of sediment, 
organic matter and other pollutants are suddenly discharged, increasing the turbidity of 
ths water and reducing both the oxygen available for aquatic organisms and the 
productivity of the coastal zone. 

Although some of the costs of such events a n  be estimated, such as beach-garbage 
collection, other costs are difficult to determine because they usually require close and 
sophisticated moqitoring. The disposal of sewage into surface waters of rivers and 
oceans is causing serious deterioration of important natural resourccis. Water 
contaminated with sewage is creating sanitation problems that can cause' incresed costs 
from medical bills and a loss of earnings due to premature death and absenteeism 
(Environmental Assessment Source Book). A lack of adequate sewage disposal can 
create an explosive situation in the event of a cholera epidemic. Such an epidemic would 
not only cause many deaths among the population, it could also seriously damage the 
growing tourist industry. 

In the Ozama and lsabela rivers, inadequate sewage disposal is contributing to excsssive 
sedinlentation. This condition is reducing the rivers' potential use as water ways for 
tran3portation and tourism. The Ozama River provides access to the colonial part of the 
city, But bad odors are effecting development of the river for tourism. Much sewage is 
going into the ocean, contaminating fish and reducing productivity of coastal areas. 



Sociocultural importance: El Malecon is one of the most important and dynamic areas 
of economic areas in Santo Domingo. It has valuable aesthetic resources and a 
concentration of the most important hotels, restaurants and other tourist related 
businesses. Such businesses are an important source of employment and economic 
activity, bringing badly needed money t~ the country. Several important government 
buildings and monuments are located in El Malecon, and it has facilities for agricultural 
and inldustrial fairs. Another important characteristic is its location next to the colonial part 
of the city, providing excellent crpps~agun'Hy for tourist boating activities. A part of this 
coastal area is occupied by Gtsibia Beach. This beach was an important area for 
recreation, but now swimming fher~ is prohibited due to pollution. The area lies within 
"Parque La C~lsta." 

Management/iand tenure: The area has been developed for tourism. lmprovcments 
include sidewalks and terraces. And the infrastructure includes a wall to protect the area 
from erosion. Hotels, restaurants and othar tourism-related businesses are an important 
source of employment and bring money to the country. 

. . 
Status/pressures: The government and NGOs express growing concern 'about the area, 
due to both its importance for tourism and because of the health risks it poses for the 
population. While the extent of the pollution is unknown, fish have a!l but disappeared and 
swimming is prohibited. 

Actizlities/agencies: Several institutions share responsibility for maintaining this area. 
I-egislation also p r W e s  a framework for protection there. Very little, however, is actually 
being done. This problem is due to a lack of both the resources and an organization 
cable of effectively coordination activities to determine the extent of the problem, monitor 
it, and establish mitigatiiiy actions. A periodic clean-up by the Federation de Asociaciones 
Ecologistas is the only activity to miiigate environmental losses in the area. 

Rate of change/urgency: Important resources are at stake. Increasing urban and 
industrial activity with little regulation or control sixggest that action should be taken soon. 

Inlpact/cost of trends: Aesthetic value arid tourist potential are diminishing riot only in 
this area, but also from other coastal areas, as well. Other costs include reductions in 
the dishing industry, due to sewage and industrial pcllulion on marine populations. Public 
health is also at risk. 



RURAL WATERSHED SITE DESCRIPTIONS IN ORDER OF FINAL RANKING 

Watershed Site 1: SABANA YEGUA DAM 

General description: The Sabana Yegua Dam was built in 1989 for energy generation, 
irrigation and flood control. It has an installed capacity of 13.5 MW and an annual 
production of 69 MWH. Forty three thousand ha of cash crops in.the Azua valley are 
irrigated with turbine water. Three sub-basins contribute to this dam: Las Cuevas river 
(4.5 ~~/sec.),  Grande or Del Medio river (10.6 b13/sec.), and Yaque del Sur river (high 
portion). These together cover an approximate area of 160,000 ha. 

The sub-basin of the Las Cuevas River has an area of 56,000 ha, 73 percent of whii l  is 
constituted by rnountaincils land with steep slopes. Twenty seven percent is lowland with 
waving slopes. The Grsnde or Del Medio River sub-basin has an area of 67,560 ha, with 
78 percent mountainous land (rainy, very rainy, and low mountainous) and 22 percent 
lowland (dry and subtropical-rainy). The Yaque del Sur River sub-basin has an 
approximate area of 30,000 ha. In general, it shows similar features and the same 
problems as the neighboring sub-basins. However, rio basic studies describe the 
biophysical and socioeconomic characteristics of these river sub-basins. 

Hydrological importance: The watershed supplies water to the Sabana Yegua Dam, 
whose hydraulic infrastructure generates hydroelectric energy and irrig~tes agricultural 
production in the Azua valley. The water is also used for human consumption and for 
agricultural developments, especially in the Constanza and La Culata valleys, located in 
their highlands. 

s 

Biological importance: 1he watershed contains part of the national parks Jose del 
Carmen Ramirez and Armando Bermrjdez (spring of the Yaque del Sur River). The parks 
are in constant need of protection. .The Grande or Del Medio River drains the important 
intra-mountainous agricultural valleys of Constanza and La Culata, where residues from 
intensive use of agro-chemicals and fertilizers drain into the Sabana Yegua reservoir; this 
situation needs more investigation and the establishment of measures to mitigate or 
correct the negative impact in humans and the natural environment. - 

. . 
Socioeconomic importance: The economic importance of energy generation and 
imgation is great. Food production for the local market and for exportation in the Azua 
and Constanza valleys generate employment and significant foreign exchange for the 
Dominican economy. Furthermore, subsistence farming by most of the watershed's 
120?000 inhabitants is in large part responsible for natural-resource deterioration. 

Managernent/land tenure: Land use in the Las Cuevas River sub-basin is distributed 
as follows: 28.6 percent in farm cropping (beans, pigeon-peas, corn, and coffee); 46.9 
percent in pasture; 13.8 percent in forests (mostly coniferae); and 10.3 percent in 
underbrush. 



- 

- - .- - - In the sub-basin of the Grande or Del Medio River, land is dedicated to pasture (46 
percent); agricultural cropping (1 0 percent); high forests, mostly of coniferae (17 percent); 
dry forests (7 percent); underbrush (5 percent); and a mixture c)f coniferae and shiing 

.- agriculture (15 percent). The most important cash croppings are garlic, beans, potatoes, 
- - - onions, and vegetables; of less importance are corn, pigeon-pea, yucca, and coffee. 

Eighty-five percent of farmers are landowners. 

A 

- -= 
Status/pressures: Most of the area is seriously eroded, due in large part to a dense, 

- rural population, a high degree of deforestation, over-grazing and inadequate use of lands 

- 
suited for forestry to create pasture and grow crops. A high level of poverty, illiteracy, 

- 
- 

precarious health care, malnutrition and high infant mortality and morbidity rates 
- - characterize the population. According to Hartshorn (Perfil Amtbiental, 1981), the loss of 
- soil is estimated in about 275 ton/ha/year, equivalent to 1.83 cmlyear. 
- 

- The population of Las Cuevas River sub-basin is of around 40,000 inhabitants, distributed 
- in some 8,000 families, of which 85 percent are rural; the rest (15 percent) inhabit the 

municipal town of Padre Las Casas and four other settlements: El Naranjito, La Siembra, - 

Monte Bonito, and Guayabal. The majority of the population is dedi&ted to farming - 
- activities and livestock production and, in a minor proporfion to trade, charcoal production - 

and firewood collection. - - 
- - 

The sub-basin of Rio Grande or Del Medio contains a population of 47,500, distributed 
- 

- 

in 8,109 homes. The most important cities are Constanza and Bohechio. Most of the 
population is dedicated to farming activities and trade. Twenty eight percent cf the =. - - 
inhabitants are estimated to be immigrants from other regions of the nation. 

s 

- 
Activities/agencies: In 1978, National Institute of Hydraulic Resources (INDRtlI) began -- = 

- 

- 
work for tho conservation of soils and waters in Las Cuevas river. These efforts were later 
complemented wi!h the MARENA project (SEAIAID-SURENA). After the MARENA project - 
was' finished, actions decreased, and assistance from state agencies practically 

- disappeared. The Peace Corps is continuing technology-transfer. 

Rate of change/urgency: A high degree of erosion and poverty inherent to the area 
create an urgent need for assistance from government and non-government agencies. 
If *intervention does not occur quickly, the volumes of erosion and sedimentation that - , would collect behind the Sabana Yegua Dam could, in very few years, reduce energy - 
generation. In addition, sedimentation could reduce the dam's ability to regulate water 
flow. This lii nitation would threaten food production in the Azua Valley. 

- 
Impacts/costs of trends: Deforestation will continue to increase, as will soil erosion and 
the progressive loss of nutrients. Continued neglect of this site will result in a escalation 
of sedimentation of water currents and water in the dam reservoir. Energy generation - 

- - 

.. . and water volumes for irrigation will decline. Coi itamination of soils and waters with agro- 
chemicals and fertilizers will escalate, as will a danger of invasion of national parks. Rural 
unemployment and poverty, as well as danger of forest fires will also likely increase. 



Practicality: Because of the experience in Las Cuevas with the MARENA project, 
feasibility of establishing a pilot project for the integral management of the sub-basins is 

- high. Proximity to Ocoa would also allow a combining of efforts and shared experiences 
- to avoid failure. A former development committee for Las Cuevas in Padre Las Casas 

could be re-activated. And the fact that most of the farmers are landowners could be of 
- - tremendous help in consolidating actions for resource management. Recent studies 

already describe the physiological, environmental and socioeconomic characteristics of 
the Las Cuevas and Rio Grande or Del Medio sub-basins. And access is facilitated by 

7 well-maintained roads. 



Watershed Site 2: NlZAO RIVER 

General watershed: Wdh an area of 1,020 km2, the watershed is located in the south 
slope of the central mountain range. It occupies territories pertaining to the provinces of 
Peravia, San Crist6bal and a small arb3 of La Vega. Ninety plurcent of the watershed 
relief is slopping and jagged, formed by mountains and slopes, constituted by igneous 
intrusive rocks in their higher parts and by sedimentary rocks in their middle and lower 
parts. 

Hydrological importance: Of all the watersheds of the country, Nizao stands out for its 
nacional importance in hydroelectric production and water supply for irrigation. The 
watershed includes the Valdesia Dam, constructed in 1975 f ~ r  energy generation and for 
irrigation. The dam has an installed capacity of 54MW and a average annual generation 
of 110 MWH. Its waters irrigate 18,750 ha of agriculture land in the area of Bani. 

The Valdesia Dam will soon provide potable water to Santo Domingo by means of 
conduction and distribution pipelines now being built. In the.future, two new basins now 
under construction in the high portion of the watershed will generate hydroelectric energy. 
JigOey will have an installed capacity of 98 MW and annyal generation of 202 MWH, and 
Aguacate will have an installed capacity of 52 MW and annual generation of 208 MWH. 
Both basins are expected to begin operation in 1992. 

Biological importance: From the biological point of view, this watershed is not very 
important. Nevertheless, 13.6 percent of the area (12,450 ha) are very humid, 
mountainous forests in the surroundings of Alto Banderas, where Coniferae are dominant. 
This area could be preserved as a reserve and a protection zone. In the future, the 
basins of Jigiiey and Aguacate and their surroundings could acquire great value because 
of their scenic value for recreation and eco-tourism. This potential suggests the value of 
protection, surveillance and restoration, as well as the construction of infrastructures and 
adequate regulations to guarantee their multiple and sustained development. 

Sociocultural importance: The social importance of the watershed lies in its rural 
population of close to 50,000 inhabitants. The residents live in poverty, with'very little 
attention from government agencies and other governmental institutions and NGOs. The 
population's use of non-sustainable agricultural practices, the' geological fragility of the 
watershed, the sharp slopes, the erosivity of the soils and the growing destruction of the 
forest reserves constitute a continuous threat to the stability of this costly hydraulic 
infrasirddure. Its economic value surpasses RD$300 million (US$25 million). 

The econon~ic importance of the watershed is food production for local consumption and 
for exporta9on, as well as investments by the Dominican people in construction of the 

a irrigation and hydroelectric works in the watershed. 



hAanagement/land tenure: Land use is distributed in natural pasture (37.2 percent), 
cnffee (26.4 percent), intensive cultivation of beans, corn, pigeon peas, peanuts, bananas, 
and others (12.9 percent), field crop and cultivated pasture (8.9 percsnt), latifoliate forests 
(8.1 percent), coniferae forests (5.4 percent), and thickets (1.1 ,i$rmnt). If too much land 
is dovoted to intensive cultivation, steps must be taken to avoid erosion of and damage 
to the soils. 

The Nimo River is one of the major coffee producers. While only 6.8 percent of the 
surface is apt for agriculture, 56.7 percent is apt for coffee production and improved 
pasture. The rest (36.5 percent) could be dedicated to forest, natural pasture or natural 
reserve. 

The area includes 8,200 homes, with a population density of approximately 50 inh/km2 
arid very poor life conditions. Near half of the population live in houses with soil floors, 
built in wood or palm and roofed with cinc. They do not have potable water nor 
electricity, so they use firewood and .in less proportion, charcoal for their energy needs. 
Firewood supply is scant in the more densely populated areas of the watershed. 

Ninety-five percent of the population depend upon fajming activities for subsistence, 
including direct producers (78 percent), salaried, agricultural workers (10 percent) or 
traders (5 percent). The area includes 6,300 agricultural and livestock concerns, of which 
1,600 (25 percent) are small farmsteads of less than two ha. Three-thousand-eight- 
hundred concerns (60 percent) are small producers with 33 percent in holdings of 2-to-5 
ha. Twenty seven percent are in holdings of five-to-12.5 ha. 

The aforesaid indicates an elevated atomizationof the land, where 85 percent of the small 
farmstead owners use 41 percent of the farm's surface and the other 15 percent - 
owners of medium-sized and big farms -- control 60 percent of the farming land. 

Status/pressures: The watershed presents serious problems in the area of natural- 
resources management. These problems could negatively affect adequate water 
development and both the existing and in-process infrastructure. A loss of soils of 125 
ton/ha/year is estimated, equivalent to 1.84 cm/year (Hartzhorn, 1981 .- Perfil kmbiental 
de la RepQblica Dominicana). . . 
. 

h i s  situation suggests urgent intervention on the part of the state and responsible 
institutions and encourages NRM programs. 

Activities/agencies: Both institutional policies and various persons interviewed give the 
Nizao River watershed the highest priorii for intervention. But no signs indicate an active 
presence on the part of the institutions responsible for its conservation. 

INDRHI has made initial actions in terms of erosion control on the slopes of the recently 
built roads. And FIRENA and the Junta of San Jose do Ocoa have taken some small 
actions in the high area of the watershed. But no other vigorous or permanent activities 
on the part of government or non-governmental agencies address the multiple needs of 



the physical, biotic, social, economic and institutional problems facing the watershed area. 
This year, the Presidency of the Republic created the Comite para el Manejo de la 
Cuenca del Rio Nizao (Committee for the Management of the Watershed on the Nizao 
River), constituted by INDRHI, FORESTA, SURENA, Direction Nacional de Parques and 
the JUNTA ds San J O S ~  de Ocoa. But the committee has not yet begun operations. 

Rate of change/urgency: The movement of deprived farmers inside the watershed, 
searching for work opportunities, attracted by the construction of the big, hydroelectric 
complex make urgent the need for the state to regulate the new settlements and stop 
migratory farming. 

I 
Actions related to community organization, soil conservalion, improvement of homes, 
increase in production and productivity, farm planning, promotion of forest farming 
systems, reforestation and the improvement of access, roads, physical infrastructure and 
basic s e ~ c e s  for the population could be implemented in the watershed. 

Impacts/costs of trends: Problems include erosion, deforestation and sedimentation 
of the basins and the diminishment of their useful life. Potential ecotourism is declining 
while unemployment and poverty are on the up-swing. The basins are eutrophicating, 
and a decline is expected in both hydroelectric generatioh and power to incorporate more 
land for irrigation. 

Practicality: Successful intervention is probable, due to qualified human resources 
available for the holistic management of the watersheds. A~SO helpful will be the 
experience gained in other projects, especially in the area of San Jose de Ocoa with the 
MARENA and FIHENA projects of the SEA. And because this is an area of great interest 
for the Government of the Dominican Republic, host-country cooperation is iikely. 

- 



Watershed Site 3: Artibonito Watershed 

General description: The Artibonito Watershed is the largest watershed on the island of 
Hispaniola (9,292 km2). It begins in the central mountain range of the Dominican 
Republic and empties in the sea at the Gulf of Gonave in Haiti. Only about 30 percent of 
the watershed lies within Dominican territory. 

Distinguishing hydrological/geological characteristics: In terms of annual runoff, the 
Artibonito Watershed has the fourth largest volume in the country, and the Artibonito River 
is the one of the four largest rivers. The watershed is geographically divided into upper 
and lower sections by the Peligre Canon in Haiti. A convenient political division, Jiowever, 
is ths site named, Dos Bocas, at the confluence of the Artibonito and Macasla rivers, 
where the Artibonito crosses into Haiti. Two of the main tributaries of the main b ~ d y  of 
the Rio Artibonito, the Rio Artibonito and the Rio Joca, both begin near the Lorna Nalga 
de Maco. 

Distinguishing biological/ecologicaI characteristics: The areas of ' the watershed 
below 500 mbsl are classified as subtropical, wet forest, with sections of subtropical, dry 
forest The higher portions of the Artibonito are classified very wet, subtropical and very 
wet, low-mountain *forest. The higher podions of Macasia are low-mountain, wet and low- 
mountain, very wet. The Lorna Nalga de Maco is wet forest with cloud forest on top, and 
it possesses two types of forest never described before - dwarf forest and Bosque 
Sloanca ilicifolia. The mountain top itself is reported to have very high bio-diversity and 
is now thought to be only slightly degraded. 

Socioeconomi~ importance: The Rio Artibonito and the watershed are important as a 
shared resource with Haiti. They represent a potential for cooperation among the nations. 
As the main body of the Rio Artibonito essentially divides the two countries, the area is 
a conduit of illegal immigration. Interests within the Dominican Republic encourage 
development of the Artibonito River for hydropower and irrigation. Preliminary studies by 
the Organization of American States (OAS) have indicated, howcver, that only one such 
project is cost-effective -- construction of a tunnel to carry water for irrigatiori from Rio 
Jam and Rio Lorino to the Valley Sabana Mola. The Artibonito 'watershed is more 
sconomically important to H d i  than to the Dominican Republic.'The Artibonito River feeds 
Lac de Peligre, created by a dam. The dam represents the largest source of hydropower 
in the country and the water source for large, rice-irrigation schemes in the lowlands. 

Management/land tenure: Land ownership is unknown, as is management in the 
highlands. It is presumed, however, that ownership in the highlands is largely the State 
Sugar Corporation, as is the case throughout the country. The valley lands are mostly 
in small, farm holdings. 

Status/pressures: The Artibonito Watershed has a fairly low population density as 
compared to the rest of the country (59 hab./km. compared to the national average of 
142.2 hab./km.). The area has 148,000 inhabitants, an estimated two percent of the 



national population. Most of the inhabitants live in the valleys, with the hills still fairly 
uninhabited. In particular, the historically inaccessible Lorna Nalga de Maco is believed 
to still be fairly intact. The situation has not been closely a-udied, however, and 
immigration to the area, from both Dominican Republic and Haiti has been reported. 

Activities/agencies: The hydro!ogy of the watershed has, for the past year, been the 
topic of a study conducted by OAS and INDHRI. They have also examined the feasibility 
of irrigatiotl and hydroelectric projects; one irrigation project has been assessed as cost- 
effective. (See above.) 

Rate of change/urgency: While the situation is not considered urgent, immigration into 
the area may warrant further study and attention. 

- 

Impacts/costs of trends: Degradation of the watershed would affect irrigated agriculture 
in the valley. Degradation of the upper cloud forests would represent an irreversible loss 
of bio-diversity. Haiti would suffer the greatest loss from degradation, including 
sedimentation of the Lake Peligre Dam, with resulting repel'cu$sions to hydroelectricity, 
local fishing and irrigation. 

Practicality: Preliminary studies by INDHRI/OAS facilitate work in the area, and access 
- - 

by level roads from the capital is fairly easy. ' 

L 



Wa - 4: Laguna de Rincon 

General description: 'me site is important for fisheries and for water fauna, migratory 
birds, and an enaemic turtle species, the Jicotea. The needs of the people, the fisheries 
and agriculture are reportedly conflicting. And fish are claimed to bo infested with a 
parasite thi? is not killed with cooking. As a result, local fisherman now travel to Sabana 
Yega to fish. 

Distinguishing hydrcdogical charact?. istics: A canal from Rio Yague del Sur is the only 
water supply. It is frequently diverted for irrigation of the extensive agricultural lands 
surrounding the lake. Water-diversion scheme is poor, and its use is reportedly inefficient. 
During a site visit, it was apparent that the lake has been experiencing dry-down; it 
covered a much smaller area than in the recent past. 

Distinguishing biological characteristics: The lake is one of only a few freshwater 
lagoons in the country. Large numbers of migratory birds use the lake edges. The lake 
is also home to the largest population of the endemic turtle; Jicotea. 

Sociocuitural importance: The lake was the primary fjshery for the large, surrounding 
populatioc. Sut reportedly, fish are now contaminated, and the lake is no longer fished. 

Economic importance: No estimates describe the economic value of fish-catch. 

Management/land tenure: Land use is agricultural, including extensive areas of sugar 
cane on the northern shore and mixed areas of sugar and plantains on the south, all 
showing visible signs of active cultivation and irrigation. - 

Status/pressures: Expected to continue are pressures from surrounding agriculture 
uses and conflicts for water supply. These problems may also increase, as potential 
exists for expansion of agricultural lands. 

Activities/agencies: Unknown. 

Rate of change/urgency: The need for attention to the problems of this site is 
moderately urgent. Thers i s  a probability that conditions may' worsen with the growing 
population and increased cultivation of fallow lands. 

Impacts/costs of trends: Economic costs are unknown, but if the reports of 
contaminated fish are true, the collapse oi  the fishery represents a serious economic 
impact to the surrounding fishermen. Biological costs could be important if, indeed, the 
lake is a stopping-off point for migratory birds and the lake is contaminated to the point 
that fish are no longer edible. 



Practicality: The extremely large area includes many and diverse uses. Thus, 
competition exists for water and the resources of the lake. Solving the problems of the 
area would require a well-funded and well-planned project to address, not only ti10 
physical aspects of water supply and watershed management, but also social and 
educational aspects, as well. 



Watershed Site 5: Valle kluevo 

Valle Nuevo is at the center of the Dominican Republic in the central mountain range. 
The valley es an alpine pIateai.r, located at 2,200 meters above sea level in the Constanza 
municipality and La Vega Province. 

During February of 1983, one of the greatest forest fires in the history of the Dominican 
Republic took place in Valle Nuevo. The fire was initiated when campesinos cleared and 
burned the vegetation from lancl where a Dominican millionaire would build his exclusive 
Summer Home. Since historic times, Valle Nuevo has been considered as a high-risk, 
forest area. As a result of this fire, hundreds of thousands of pines and the Pescoz6n 
stream disappeared. To compensate for the loss of the pines, a large pine (pinus 
occidentalis) nursery was established. Unfortunately, the seeds were collected from the 
lower valleys of the country, and the seedlings grew to be small and weak. 

The Natural Vallo Nuevo Scientific Reserve was created by Presidential Decree 1315, 11 
August 1983 to protect the flora, fauna, and water resources of the area. The Reserve 
encompasses the valley and its surroundings and is 409 square kilometers (40,000 
hectares) in size. It contains one of the most comp!ex and interesting mountainous 
ecological systems of the country. Its flora is rich in endemic species with unique alpine 
characteristics. Predominant in the valley are coniferous species (Pinus occidentalis), 
endemic species, juniper species C,lunniperus aracilor), and important broad-leaf species, 
such as cedrella and magnolia (Maanolia pallescen). The latter produces a valuable 
timber, and it is an endangered and endemic species. 

Vegetation surveys conducted on one-third of the valley indicate 249 plant species 
classified under 65 families of the 162 families known to occur in the country. Of !he 
species studied in El Valle Nuevo, 39 percent are endemic to the valley. The reserve's 
fauna has been poorly studied. Sixty-four bird species have been identified. The wild 
rabbit (Orictolaaus cuniculus) and the little, freshwater crab inhabit Valle Nuevo. The latter 
has not been classified, yet. The crab is found in river currents and wetlands. 

Given Valle Nuevo's geographical, climatological (temperatures below 5°C) and geological 
conditions, vegetation is primarily scrubby but has not been studred. It exhibits 
characteristics similar to those of the Scandinavian Peninsula. The Valle Nuevo's Plateau 
and its high valleys present evidence of the last Glaciation (Wisconsin), and recent data 
indicates this area was volcanically active during the Pleistocene. Valle Nuevo may have 
the answers to the questions about the evolution of the Hispaniola and the Greater 
Antilles. 



Life zones in the area are: 

a Lower montane, moist forest (bh-Mb) 
a Montafle, wet forest (l~mh-M) 
a Lower montane, wet (forest (bmh-MB) 
o Lower montane, rain forest (bp-MB) 
8 Lower montane, wet forest in transition to lower montane rain forest (bmh- 

Mb- =bp-MB) 

Valle Nuevo has all the characteristics of a cloud forest, where most of the water that 
reaches the forest floor is not from the rain, but from the clouds that pass through the 
forest canopy. As a result, mosl of the rivers of the central mountain chak, and 
throughout the country originate in Val15 Nuevo. The Yuna and Nizao Rivers, two sf the 
four most important rivers in the county, originate in the Natuial Valle Nuevo Scientific 
Reserve. 

In addition, five micro-watersheds vital to the Dominican Republic are located within the 
Reserve: 

C 

1. Rfo Las Cuevas 
2. Rio Grande - tributaries of the Yaque del Sur River 
3. Rio Nizao 
4. Rio Tireo 
5. Rio Blanco 

The importance hydrological system of the Reserve can be valued based upon the 
following data: 

1. Source of potable water for the Constanza Municipality. 
2. Source of irrigation for the fertile Constanza Valley, the country's main 

producer of garlic, potatoes and vegetables. 
3. Source of water of Sabana Yegua, Jiguey-Aguacate and Valdesia Dams. 
4. Source of irrigation for the Yuna Valley (east region of the Cibao Valley). 

The Yuna Valley is the major rice producer in the country: 
* 

As can be seen, the Governrrdent of the Dominican Republic must consider conservation 
of the Valle Nuevo a high priority. While, however, some of the country's strictest 
regulation of protected areas specifically addresses the Reserve, very little or no 
enforcement exists there. Valle Nuevo should be dedicated to scientific research and 
have restricted access to the public. The area, however, includes exclusive summer - 
homes, potato crops (sponsored by the Secretaria de Estado de Agricultura), and exotic 

3 plant and vegetable crops. These activities are conducted by businessmen and wealthy 
: . people who have economic and political power. It is assumed that these obvious 

- conflicts of interest are the reasons why the Direcci6n Nacional de Paques has not 
initiated any management activities in the Reserve, which was established eight years ago. 

- - 



In the mem time, the VE!!~ Nuevo watersheds are greatly deforested and dam-regulating 
reservoirs - nurtured by the Valle Nuevo's rivers -- are dangerously jilted. The electricity 
generated by these dams is limited, due to diminishing water flow. Irrigation of cultivated 
areas has been restricted. The largest body of fresh water, Laguna (Lake) de RincCin o 
Cabral, is fed by a water channel. This condition is due to the lack of vegetation on the 
lake's surrounding mountains, as well as the area's critical economic, social and 
ecological value to poor populations in the southeast portion of the country. The loss of 
forest cover in the Lalle Nuevo upper watershed has rcduced the lake to a third of its 
original size. 

It is difficult to calculate the enormous economic cost caused by the abandonment of the 
Natural Valle Nuevo Scientific Reserve by the Government of the Dominican Republic. 
Tmse costs include food importation, petroleum use to generate electricity and soil 
erosion. The economic, social and ecological consequences can only be evaluated 
through long-term studies. 



Watershed site 6: Falconbridge 

General description: Falconbridge is a Canadian-owned, ferro-nickel mine. The open- 
pit mine includes 70,008 ha, of which 12,000 ha are known to contain ore. Two-thousand 
and five-hundred of these have been mined-out and reforested. Another 3,800 are open 
and being mined. Large quantities of slag are deposited daily due to the 15,000 tons 
mined each day. 

Distinguishing hydro!oglcal characteristics: Quantities of water drawn from 'the river 
are unknown. The artificial Lake Rincon is nearby on the Jima River. 

Distinguishing biological characteristics: Reforestatio~i by Falconbridge uses 
Australian Pine (casuarinaj almost exclusively. 

- 
Sociocultural importance: With 2,000 employees on its payroll, the mine is by far the - 

biggest employer in the region. Employees generally work full-time at an average rate of 
$RD20 per-hour. AbL~ut 150 temporary employees work each night in rotating clean-up 
crews. - 

L . 
Economic importance: In today's terrrrs, the mine is a $1 billion investment working at - 
50-percent capacity because of depressed world prices for ferro-nickel. The salaries, 
compared to those paid for similar work, are the highest in the island. It is not known 
how much the company pays in royalties O i  whether signific 'it economic benefits, 
beyond salaries, accrue to the Dominican Republic. 

- 

Managernentlland tenure: All land containing ore is owned by the mine. 

Status/pressures: Severe pollution impacts from smoke emissions have been alleged 
for years by, among others, those'whom the company labels, "left-wing-environmental 
people." A company-sponsored evaluation in 1991 found high levels of heavy metals and 
other contaminatiens in vegetation, soil and animal skins. Levels of contamination were 
found to decrease with distance from the mine. 

Activities/agencies: To counter allegations of the mine's negative impact on agriculture, 
thk company is running a model farm about 500 meters upwind of the smokestacks. 

Rate of changelurgency: Pollution continues at a fluctuating rate. The industrial activity 
is pronounced; one-hundred heavy trucks and other vehicles are in'operation, and the 
company produces 200MW of electricity in its thermoelectric plant. Water pollution 
appears cor7trolled by a containment ditch and seven large sedimentation ponds. Water 
effluent apF zared clear. 

Impacts/cost of trends: Permanent alteration of the landscape in a large area already 
exists and is increasing. Health impacts among workers and in downwind settleinents are 
unkliown, br t potentially serious. The company's evaluation report denies that the 
company has created any major pollution downwind from the plant. The report attributed 



observed crop failures there to both problems among farm-animal populations and to 
- inferior farming techniques. 
- - 

Practicality: lnvolvement in any project in this area could be difficult because of the 
important role the company plays in the area. 



- - Watershed Site 7: Dole Plantation 

General description: Thirteen thousand acres are under lease from National sugar 
Association, and rent is variable, but includes 3 percent of gross sales. Pineapple 

- 

cultivation accounts for 7,900 acres. The project started in 1987 with the first harvest in 
June 1989. The operation is year-round., and produd!ion is organized in three-year 
cycles, where each plant is harvested three times before replanting. - 

- 

Distinguishing hydrological characteristics: The site drains into the Rio Bayabo, which 
runs through the length of the tract. All storm runoff is directed into the sL~rface water of 
the river. Most of the riparian area is vegetated and consumes batween 55 percent and 

1 

-- 58 percent of the land area. (Land occupied by Bateyes is included in this area) 

Mulch from ha&&ted plants generally remains on the ground and is disked into the soil 
' 

within one month of harvest. During final preparation for planting, soil remains bare for 
no longer than one week out of the three-year cycle, thus minimizing potential soil 
erosion. .. 

Fields are not irrigated. Water for the packing and juM? plant, as well as for potable 
- supplies for human consumption is collected from three watersheds totaling 1200 acres 
- east of the tract. Water is chlorinated, and the supply averages 170 gallons-per-minute. 
- 

Distinguishing biological characteristics: Supposedly, no pesticides are used in the 
fields, sr;lv in the packing plant. But this supposition is doubtable. Information on 
fertilization was unavailable, but it is likely equivalent to other operations. Water for 
agronomic chemicals is withdrawn from the river. Vegetated riparian habitat has obvious 

- 

wat!3r-quality, wildlife and aesthetic benefits. 494 

Sociocultural irnl~ortance: The operation employs 2,300 employees with a combined 
- 

a payroll of three-million pesos per-month. Average minimum wage is 5.50 pesos/hour for 
a 44 hour work week. Prior to the Dole operation, the same -.rea of sugar cane - - - 
employed 500 people. The company reports that increased business activity in the local - 
communities is a result of expanded employment and payi'oll. 

- - Dole also emphasized the irrbortance of building schools and clinics and helping to solve - some of the existing social problems of the sea. Dole has built public latrines and 
improved streams where the local popul;ltion ot'ains water and washes cloths. 

Econoniic importance: The entire crop is exported, 60 percent as fresh fruit and 40 
I 

- percent as juice. Dole reportedly also purchases some fruit from local growers. 
However, since the company is foreign-owned, little more than the in-country salary and 
currency derived from expenditures for fertilizer, chemicals and miscellaneous goods and 

. services are captured by the Dominican Republic. - 



Management,/land tenure: The land is managed for maximum yield on a three-year 
crop cycle. Nearly 15 percent of land is in roads and other infrastructure. About 55 
percent to 58 percent of land is in riparian habitat. 

Status/pressures: The most critical problems loss of soils and erosion due to 
agronomic practices and use of agronomic chemicals and their potential runoff. While 
little pressure or incentives exist to decrease erosion rates, maintenance of vegetated 
riparian areas will mitigate some potential sedimentation problems. Whether these areas 
were farmed in the past or have been allowed to re-vegetate since being abandoned by 
sugar is unclear. 

Activities/agencies: A $30,000 feasibility study has been proposed to exmine 
reforestation of the surrounding hillsides. The potential for growing fruit trees here has 
been discussed. But such groves do not sesve the same function, in terms of building 
and maintaining soils and preventing erosion, as would a diverse forest canopy. 

Rate of change/urgency: Littlo change is expected in the rate of erosion or use of 
agricuttural chemicals. 

Impacts/costs of trends: Increased sedimentation in downstream locations has resulted 
from loss of soils. Sediments and chemicals in the river channel pose threats 
downstream. But because the tract is located in the headwaters of the Rio Payabo, 
marine impacts may be nomind. 

Practicality: The site offer?, potential for an integrated approach to solving the many 
problems associated with c'evelopment due to increased population pressure on land- 
based resources, especially the impacts of hillside agriculture practiced by the local 
population. Possible approaches to water-quality issues include use of construct~rd 
wetlanddetention and filtration systems for chemicals and sediments, the introduction of 
bestlmanagement practices to minimize erosion and runoff of agronomic chemicals and 
reforestation of surrounding hillsides. 



- 
Watershed Site 8: FRUDOCA 

General description: Four-thousand-eight-hundred acres are under lease from the 
National Sugar Association at approximately $100 per-acre. Pineapple cultivation accounts 
for 2,300 acres. The project started in 1979. Eighty acres are planted per month in a 

- year-round operation. Production is approximately 40 tonslac on a two-year planting 
cycle. 

- - Distinguishing hydrological characteristics: The site drains into the Lacumbra River, 
which runs through the 17 km long tract. Storm runoff is directed into the surface water 
of the river. FAulch from harvested plants generally remains on the ground and is disked 
into the soil. During final preparation for planting, the soil remains bare for approximately 
two months out of a two-year cycle. This practice decreases potential for soil erosion. 
Fields are not irrigated. 

Distinguishing biological characteristics: Two pesticides are utilized: Diazinon and 
- AMDRO. They are applied on an as-needed basis. A growth enhancer is used to induce 

florescence once during the planting cycle. In addition, fertilizer is applied about once 
each month. Water for agronomic chemicals is withdr ~ w n  from the river and seems to be 
mixed in sprayer tanks within or along the banks of the river. 

Sociocultural importance: The operation employs 100 permanent employees and 400- 
to-800 contract employees at an average minimum wage of $100 per-month. Contract 
employees work on a three-month rotation, for a total of six months of employment per- 
year. 

Economic importance: Almost all production is exported to GSA and Europe. Since 
the company is foreign owned, little more than the in-country saiary and currency derived 
from expenditures for fertilizer, chemicals and miscellaneous goods and services are - 

captured by the Dominican Republic. 

Management/land tenure: The land is managed for maximum yield on a two-year crop - 

cycle. Nearly 25 percent of land is in roads and infrastructure (It is unolear whether this 
percentage is based on 4800 acres or 2300 acres). Numerous out-parcels within the tract 
wnnot be farmed because they are occupied by individuals who claim some sort of legal 
title to the land. 

Status/pressures: Loss of soils during the fallow period and erosion resulting from other 
agronomic practices pose the most serious problems. Little pressure or incentive exists 
to decrease erosion rates. Riparian channels appear unprotected and void of significant 
vegetation. 

- 

- 

.... Adivities/egencies: Bamboo has been planted in some streams and may be planted - - the main river channel at the request of the Department of Agriculture. Some evidence .- 
Indicated contour plowing. For the most part, however, little attention was given to - 
minimizing erosion potential. Hiit slopes greater than 15 percent are not planted. 

- - 



Rate of change/urgency: Little change is expected in the rate of erosion or use of 
agricultural chemicals. 

Impacts/cosPs of trends: Increased sedimentation in downstream locations resulting 
from loss of soils. Potential downstream impacts in the river channel and on marine 
environments frorn sediments and chemicals. 

Practicality: Management saems cooperative. The site offers potential for constructed, 
wetlanddetention and filtration systems for chemicals and sediments, as well as for the 
introduction of best-management practices to minimize erosion and runoff of agronomic 
chemicals. 



URBAPd WATERSHED SITE DESCRIPTIONS IF4 ORDER OF FINAL RANKING 

Urban WatersiL~!d Site 1: Rio Ozama/lsabela 

General description: The river runs from the Cordilera Oriental to Santo Domingo, 
where it splits the city and goes into the Caribbean sea. 

Hydrolo$c importance: The Ozama River is fed by water from sevlsral tributaries. The 
3,150 km in *b watershed annually receives and produces 4,8000 cubic meters and 1.5 
billion cubic meters precipitation and runoff, respectively. Inside the city, before the river 
reaches the ocean, it converges with tho lsabela River. Together, these two rivers receive 
all the runoff and untreated sewage and industrial waste from the eastern portion of the 
capital. Considerable amounts of solid waste and sediments are also carried with 
stormwater. Aggravating factors are the rivers hydrological regime, determined by its 
smai' slope, and water retained by a jetty at the river mouth. This structure reduces the 
flow of freshwater into the ocean and helps to concentrate sediments and other pollutants 
in the delta. .. 

Ecological/bioiogicaI importance: The Ozama River hps great ecological and biological 
importance. River deltas, where freshwater and saltwater mix, are diverse and productive 
ecosystems. Deltas provide both habitat and nutrients for many aquatic organisms. But 
concentrations of pollutants and pathogens, discharges of hot water, fermentation of 
organic matter and other chemical processes in the Ozama River delta pose a serious 
threats to both public health and aquatic fauna. 

Untreated sewage can result in the spread af diseases such as hepatitis, typhoid, 
paratyphoid, dysentery, amoebic dysentery, giardiasis, cholera and gastroenteritis. 
Fermentation increases the chemical demand for oxygen (COD) and reduces its 
availability for biological processes (BOD). Sea currents may transport pollutants, 
affeding large areas of both the Caribbean sea and coastal areas of the Dominican 
Republic. 

Socioeconomic/cultural importance: The river has important industrial and shipping 
activities and is used to discharge all industrial and human waste to the oceai. 
Settlements of low-income people are established along its margins. The combination of 
these activities has created a potentially explosive health problem. 

The Ozama River provides fluvial access to the colonial portion of the city, providing the 
area great potential for tourism. This potential, however, is jeopardized by the 
deterioration of the environment, including settlements of impoverished people, bad 
odors, industry and floating debris. 

Finally, the river can significantly c!ontribl~te to the water supply of Santo Dorningo. 



Management: In spite of the rivers' importance, little has been done to protect these 
valuable water. rescurces. Sewage and industrial waste are discharged, untreated and 
solid-waste collection and disposal for the area is insufficient. As a result, uncollected 
garbage can be observed all over the city. When it rains, garbage removed with the 
runoff floats on the river and is discharged into the Caribbean sea. Sea currents transport 
this waste to beaches in the country. 

Poor solid-waste management poses a possibility of contamination from landfills. Two 
landfills in use in an old, abandoned landfill were built with little site preparation. Leeching 
from decomposition of the solid waste is quite possibly leeching into the river. The 
Guaricamo landfill, built next to the lsabela River, is  especial!^ critical. 

Activitieslagencies: Several government institutions share responsibility for maintaining 
the river. Legislation also provides a framework for its protection. However, very little is 
being done. The main factors determining this situation are lack of both resources and 
an organization capable of effectively coordinating activities to determine the extent of the 
problem and to establish mitigating actions. -. 

Rate of change/urgency: If no actions are soon taken, dame to these resources may 
have serious consequences for future development of the Dominican Republic. The 
contamination process is likely to increase due to accelerated demographic and industrial 
growth. 

Impact/cost of trends: Use of the river for transportation and boating is impaired due 
to excessive sedimentation, especially in the lsabela River, where boats can no longer 
enter. Serious losses in aesthetic value have already occurred. Bad odors, floating debris 
and sunken boats are common. Fish and other aquatic aninlals have disappeared from 
this river. The potential impact on public health and the economy is great, especially in 
the cholera epidemic reaches the country. Other possible losses are the contamination 
of the aquifer due to concentration of pollutants in the river delta and negative affects on 
fishing and related activities. 

Practicality: A project to protect and improve the utilization of the Ozama and lsabela 
rivers has potential to produce tremendous benefits to tP-n ~ominican Republic. 
Therefore, this project should be considered as a high priority. 

Key sources of information: "Diagnostical de la Contarninacion del Rio Ozama." This 
document, prepared in July 1991, is under review. It was created -by the Secretarido 
Tecnico de la Presidencia in cooperation with the Agenc<~ pour la Cooperation Technique, 
lndistrielle et Economique. INDRHI also has reports on networks to monitor water quality 
of Ozama-Yabacao, Yaque del Norte, Yaque del Sur and Haina rivers (a recent work by 
Ing. Oscar Natale, consultant). INDRHI also has continuing studies of sediment 
production and limnology of the rivers Ozama-Yabacao, Yaque del Norte and Higuamo. 
These documents can be obtained through official means. 



Urban Watershed Site 2: Barahona Free Trade Zone 

General Description: This is a typical free trade zone containing ten buildings all 
devoted to textiles of fur manufacturing. Seven of the buildings are leased by one 
individual who dyes fabric. The sewage from the entire free trade zone (including 
domestic wastes) is discharged into the open waters of Bahia de Neyba. A 30 cm 
diameter pipe carries waste directly from the FE to the beach about two kilometers down 
slope where it is discharged onto the beach and flows immediately into the surf zone. 
Since the waters are full of dye, the surf zone for 1000 meters in the direction of shore 
currents is tinted. Also noted on the beach was a heavy accumulation of biogas from the 
sugar mill. 

Distinguishing hydrological chsracteristics: The estimated flow of the discharge at the 
time of the site visit was about 1 to 1.5 m3 per minute. The FlZ uses 227,300 liters per 
day of potable water. 

Distinguishing biological characteristics: Several hundred 55-gallon drums of the 
following chemicals were observed in storage in the FE at road side locations: ferric 
chloride, sadium hydroxide, hydrogen peroxide, and acetic acid. The waste water can 
be expected to be extremely acidic, probably on the order of a pH level of 2 or 3, 
depending on the relative amounts of wastes from the dying process and other waste 
waters. 

Sociocultural importance: The f-7Z was constructed in 1988 and opened in 1989. 
There are 10 buildings under lease. Seven are leased to a Korean firm, one to a 
Dominican concern, and two to a Canadian firm. 

Economic importance: The free trade zone ertiploys more than 1600 people. However, 
as nine of the ten buildings under lease are occupied by foreign firms, most economic 
benefit is accrued through salaries paid only to !ocal hires. 

Management/land tenure: A management staff. on site handles provision of potable 
water and waste removal. Solid wastes are dumped in an open landfill about one . . 
kilometer from the I T .  - . 
Status/pressures: The liquid wastes are unsightly and presumably contain high levels 
of of the above-mentioned chemicals. Mixing at the surf zone is reportedly effective yet 
there are some health hazards in the near-shore environment. b 

Activities/agencies: ,More than 30 groups reportedly have tried to draw attention ta the 
discharge in the hopes of getting the FTZ to discontinue the practice. 

Rate of change/urgency: An increase in the discharge is not expected. In reality, the 
sugar mill 1000 meters to the south of the textile outfall probably represents a far greater 
impact. 



- Impacts/costs of trends: In all likelihood there is an immediate impact on sea life in the 
area of the outfall, yet the impact is relatively small in extent because of the dilution with 
sea water and effective mixing in the surf zone. The practice should be discontinued, 
however, for aesthetic and social reasons. 

Practicality: An adequate land area exists immediately upslope from the discharge point. 
Construction of a wetland treatment system would help to minimize any impacts in the 
surf zone. 



Mixed Site 1: RIO HAlMA 

General description: This river begins on the east side of the road that connects Bonao 
and Altagracia. It runs to the southeast, parallel to the road going to Santo Domingo, and 
discharges it's waters into the Caribbean Sea, 11 kilometers west of the capital. 

Hydrological Importance: The estimated sizo of tho Haina's watershed is 563 km2. The 
area receives and produces an average of 1.09 * log and 0.35 m3 * log of rainfall and 
runoff per year, respectively. In the upper part of the watershed the river runs through 
an intermountain area characterized by high rainfall and steep slopes. This combination 
makes it an area where sound watershed management practices are required to avoid 
excessive soil losses and sediment production. 

Ecological/biologicaI importance: The Haina's watwshed is an area rich in bio- 
diversity. Small areas i;? 3ubtropical lower montane rain forest can be found in the upper 
part of 'this watershed. The average rainfall iri these areas exceeds 2200mm per year. 
The river crosses both subtropical wet forest and subtropioal moist forest areas before 
discharging water into the Caribbean Sea. As with any other important river, the Haina 
provides habitat for many aquatic life forms. . 
Socioecononaic/cultural importance: The Haina is an important river for the Dominican 
Republic. It is a thoroughfare that provides access to two tax free industrial areas and 
a thermoelectric complex. It also has an important urban population surrounding the 
mouth. The river also provides more than one m3/sec to the water supply of Santo 
Domingo. There is also important agricultural activity in this watershed. 

- 
Management: In spite of the importance of this river, few efforts are being made to 
guarantee the sustainability of its resources. High soil losses and sediment production 
are occurring as a result of current. agricultural activities. Intensive farming of pineapple 
and'oranges, and production of annual crops in small farms are the primary agricultural 
activities in this area. These activities are conducted with little regard for the environment. 
During the visit to this area it was observed that one of the containers used to apply 
pesticide was being recharged in the river. In addition, the river receives'untreated 
industrial waste from ;t government-owned recycling cardboard factory'(CORDE), other 
jndustries, and sewage from the urban population near the mouth. 

Status/pressures: Degradation of this river is not serious as yet. However, it is 
escalating at a high rate due to abundant economic activity within it's .watershed and due 
to it's pro:timity to the largest urban center in the country. This is one of the critical areas 
demanding immediate action or very valuable resources may be lost forever. 
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DESCRIPTIONS OF INTERNATIONAL AGENCIES 

- 
I. m n c i a  Espanola de @ooperac!on lnternaclonal [AECI) 

'4 

- AddresslPhonelFAX: Pedro Henrlquez Ureiia 171, Esq. Abraham Lincoln, 565-1870, 
541 -61 19, 544-031 1 (FAX) 

- 
- - 
- 

- Key Contact: Antonio Morales M. Coordinador General de la Cooperaci6n 
- -- Carlos Cano C., Bi6logo (in charge of P.N. dal Este) 

Rafael Camara A., Bi6logo (in charge of P.N. 10s Haitises) 
- - - 

Agency Mandate: Watershed Management, Pollution Control, Coastal Zone 
a 

Management, Water Supply and Sanitation, Wasto Management, Soil 
Erosion, Water Planning and ~anagement (including dams), 

- - Institutional Framework: 

1) Reardinacion Agrahidrologica del Rio Nigua - A study of the situation is just three 
months old. Excavation for gravel and sand is occurring along the river. They will 
implement a reforestation project along ths margins sf t h ~  river. 

2) In Los Haitises development of a management plan for all of the national park is 
under way. There are three pilot projects being dev'crped for certain areas of the 
park - 1) part infrastructure and visitor route for thb .vestern part of the park, 2) 
research program, studying the vegetation, tho caves, the cultural patrimony, 3) 
a guard program. 

3) Parque Nacional del Este - AECI has just begun a re-study of the $fluation in order 
to implement a pragrarn of public use, recuperation, and protection. They will 

a '  begin to implement the most important programs from the 1980 management pDan 
that was newt implemented and are beginning to inventory the flora and fauna, 
determine the most important areas and state-of-the-art resources, and to classify 
the land according to land use zones; wii! begin to put in park infrastructure. 

Participating Government Agencies/PVOs: Direction Nacional del Parques - for national 
park activities. 



Studies: 

1) Planning to conduct a study of biologic& contamination (faecal coliform) of four 
rivers - Isabella, Ozama and Yacque de! Norte. Have not yet hired anyone. 

2) Planning a study of Monte Cristi Naciorlal Parque - the pressures, uses, conflicts; 
hav6 not yet hired anyone. - 

- II. Coa~6ration Francaise, Service CommerciaJ - French Embassy 

Address/Phone: Av. George Washington 353 
689-21 61 

m 

Key contz-t: Yves Legaigne, Directeur, Service commercial 
Ave. Francia 125, Edificio Prieto Tours (&me) 

Agency mandate: Stimulate private sector projects to be carried out by French firms in 
collaboration with local fiimms. 

. 

Potential role: The French firm Pont-a-Mousson (#I worldwide) has just supplied and is 
involved in the installation of CAASDs new main pipes in Santo Domingo ($10M). It 
appears possible that French sponsorship for potable water and/or drainage pipes could 
be developed in other a '-3s. 

Counterparts: All projects involving French participation must go through the Embassy 
which than assigns them to either one of the Service Culturel or the Service Commercial. 
Some of the contacts are with personnel in the French Overseas Departments of 
~ahinique, Guadeloupe and Guyane. 

Agency priorities: It appears that exporting French goods and French expertise is really 
the highest priority. . . 

dher notes: Tkr French have just sponsored the Diagnostic0 de la contaminacion del 
rio Ozama which is much more than that: It contains a 9-option proposal for a major 
solution to the sewage problem of Santo Domingo which inch rdes high-tech, expensive 
elements. 

Other projects in thc. planning/executisn age include development of an International 
Convention Center on tho Sans-Souci Beach of Santo Domingo ($100M) for which studies 

. . start in February 1992, and tourist developments at Casa de Campo, Marina Puerto 
Chiquito (Sosua) and Marina de Barahona. 



Canadian International Development Aqencv (CIDA) - 

if. 
- 

Address/Phone/Fax: No office in the Dominican Republic 
562-6291 (Mercedes is secretary of William Snow) 

Key Contact: William Snow is In charge af small projects sponsored by 
Canada. 

Agency Mandate: Principal Canadian governmental agency implementing projects and 
programs, cornparable to USAID. 

ClDA has no large projects in the Dominican Republic at this 
time. 

Potential role: Any project with distinct smbll components can solicit ClDA funds (up to 
$20,000) wliich are reputed to be easy to get. FlRENA seems to have access to more 
than just that. For a project such as SODIZUR/IDI this is an. excellent route to finance a 
small activity. 

Counterparts: William Snow is the contact. Howaver', via Padre Quinn, the FlRENA 
director, and other contacts could be developed. 

Agency priorities: ClDA has had serious cuts in staff and budget over the last few years 
and is now hesitant about getting into any big projects alone. The agency is increasingly 
participating in multilateral programs since it lacks tlie administrative capacity to work 
alone. - 

Other notes: About $300,000 per annum is spent in .the Dominican Republic on small 
projects. Increases are unlikely. ,411 projects are one-shot, non-renewable. Priors@ is given 
to private entrepreneurs and PVOs. 

Deutsche Gesellschaft fur Technische Zusammenarbeit (IGTL) - . . 

Address/Phone/FAX: Cesar Nicolhs Penson No. 143 
Apartado Postal 21 636 
685-3597 

Key Contact: Ms. Dietmut Kiehl, Director, Iiervicio de Administraci6n de 
Proyectos 

Agency Mandate: Watershed Management, Pollutiorl Control, Cloastal Zone 
Management, Water Supply.and Sanitation, Waste Management, Soil 
Erosion, Water Planning ' and Management (including dams), 
Institutional Framework: 



1) Water resources project with INDHRI, Proyecto "Fortalecimiento del INDRHI en las 
actividades hidrologicas" - began in 1986; institution strengthening and technical 
assistance to INDHRI; assisting with development of a water resocrces inventory - 
creating measurements stations for precipitation, flow rates, some groundwater, 

a data base; advisory role in how to cope with water problems - technical, 
institutional, and legal; have prepared a series of over 75 reports (computer 
printout list). 

3 other water or coast-related proiects: 

1) Rational Management of !fie Dry Forest, Manejo Racional de Bosquos Secos - 
rural development project in Azua; trying to find alternatives for the people living 
in this dry area to cutting the forest for charcoal; development of house gardens, 
goat nurseries, and water supply; doing forest research - a forest inventory; 
determination of sustainable cutting rates, what should be replanted. 

2) Rural Development in San Jose de Ocoa with Asociaci6n para el Desarrollo de San 
Jos6 de Ocoa - work in health care, irrigation, ieforestation, vocational training 
exclusively through and within the Asociaci6n; started working with the organization 
in April '89; first assisted in organizing the structure and operating procedures of 
the group; assisting in the developing the irrigatioi r progrm which tiles irrigation 
assistance to reforestation. 

3) Fishing project - The main office is -in Barahona, with a satellite office in 
Pedernales. The G R  hopes to opan one in Bani and Azua to cover the entire 
south coast. Fisheries development - how to fish more efficiently (higher volumes 

. per unit time), and how to organize fishermen for fish marketing and processing. 
There is also a scientific component - investigations into marine biology - to study 
the status cf the waters, fish movements and feeding habits, and they will soon be 
conducting a real inventory with a new boat in order to determine sustainable 
exploitation, i.e. how the new technologies are impacting the resource. 

~dditional environmental projects: 

1) Urban Improvement, Mejoramiento Urbano - ongoing project begun in 1981 ; model 
project in El Caliche in Santo Domingo near the zag; organized community groups, 
a health center, small school, transportation, vdaters systems (including canals for 
drainage OF waste water); people now have regular community meetings to tackle 
common problems. 

2) Proyecto Nim - in San Cristobal with lnstituto Polytechnico Loyola, started 
nurseries of the nim tree and distributes seedlings to small scale farmers; shows 
them how to fabricate a natural pesticide with the seeds; the tree grows very fast, . 



in three to four years can start harvesting the seeds; the natural insecticide is not 
dangerous for people or animals. 

Participating Governmeot Agencies/PVOs: Asociaci6n para el Desarrollo de San Jose 
de Ocoa, INDHRI, lnstrtuto Polytechnico Loyola 

Studies: 

1) Water resources inventory and development of data base with INDHRI. 

2) Studies of dry forests. 

3) Studies of marine biology, including fish movements and feeding habits; will soon 
undertake a comprehensive inventory. 

4) Preparing a proposal to conduct a water quality monitoring program for the four 
biggest watersheds - Ozarna, Rio Yaque del Sur, Yaque del Norte; and the Yuna; 
will monitor everything relevant to water quality; exactly which pollutants monitored 
will depend on the river; in order to prepare this proposal, GTZ hired a consultant 
to do a study of the major sources of contamination and the location of these 
sources; due to the lack of available or accessible data, he had to rent a boat and 
go up the rivers, find the industries, and talk to the local people. 

Technical Assistance/Equipment: GTZ provides individuals to various groups as technical 
assistance to accomplish certain tasks. One'such person is Dr. Sagawe Thorsten, 
provided to the Ayuntamiento Municipal de San Pedro de Macoris (529-7815) to help the 
community learn how to dispose of their solid waste. 

V. IntermAmerican Develo~meslt Bank (IDB) 

Address/Phone/FAX: Torre BHD (Banco Heporticano ~ominicano} 
. A:P. 1386 . 

562-6400, 562-2607 (FAX) 

Key Contact: Mario R. Mejia, Sectoral Specialist 

Agency Mandate: Watershed Management, Pollution Contro;, Coastal Zone 
Management, Water Supply and Sanitation, Waste Management, Soil 
Erosion, Water Planning and Management (including dams), 
Institutional Framework: 



1) Technical Cooperation - now undertaking the feasibility study for the management 
of the Rio Bao watershed - a series of dams on this river serve as the major 
generator of electricity in the country, also for irrigation; planning a project to 
protect and manage the watershed - works to protect and in some cases to 
recuperate the watershed. The study began in October 1991 and will last 18 
months. 

2) Project - Desarrollo Agricola de Valle de San Juan - is now under development, 
should be approved in the second semester of 1992, and begin works the first of 

A 1993; the implementing agency will be INDHRI; $50 million for the whole project 
that witi include a) watershed protection for tho Presa Sabaneta, b) soil 

- conservation in the mid-level watershed with the planting of coffee and cocoa; c) 
irrigation/agriculture improvements in the valley with loans and technical assistance 
for improved water management, seeds, and fertilizer. 

- 
- 

3) Project - Tourism development to increase tourism. capacity in the Dominican 
Republic through the construction of hotels and resorts; loan is to the Banco 

- Central who makes sub-loans to devel~$srs; sub-loans are not reviewed for 
environmental impact, although environmental shndards were developed as part 
of the technical cooperation that sewed as background to the project (see 

- 
studies). No central legislation or organization obliges these projects to be 
reviewed environmentally. 

- 4) Plan Sierra is now soliciting IDB for an enviror?mental project; the loan proposal is 
going through the IDB project cycle; the country'has guaranteed the loan. 

Participating Gov't Agencies/PVOs: INDHRI, Banco Central 

Studies: Technical Coopwation (1987-1990) - an extensive study that developed a 
national plan for tourism development; part of this study included an inventory of the 
areas most suitable for tourism development, and an examination of limiting environmental 

- 

factors (e.g., contamination of water). The study was conducted in collaboration with the 
Secretaria de Turismo. 
a ' 

Technical Assistanca/Equipment: Technical assistance for the IDB is only given through 
a technical cooperation or as part of project activities. 



!I. Japanese International Coo~eration Aaencv, (JICA) 

Address/Phone/FAX: Ave. Bolivar No. 818 
P.O. Box 1 163 

= 682-4703, 682-9635, 686-0441, 688-2425 (FAX) 

I 

Key Contact: Mr. Yoshiro Yanai, Chief of Technical Cooperation 
- 

Background: JICA. is responsible for the technical cooperation aspect of Japanese 
international assistance, which is entirely in the form of grant aid. The Overseas 
Economic Cooperation Fund, OECF, is responsible for the financial or economic 
cooperation which is entirely in the form of official soft loam. The OECF has not loaned 
any money to the D.R. since it lost its international credit rating same three years ago. 

- JICA activities are divided into four main programs: 1) dispatch of experts, 2) support for 
training of Dominican technicians in Japan, 3) feasibility studies to develop projects or 
programs, 4) supply of equipment and materials. A fifth program called a project type 
cooperation includes 1,2, and 4 over a 3 to 5 year period. 

* 

The Japanese Overseas Cooperation is similar to the Peace Corps. The JOC has about 
50 volunteers in the D.R. now, of which two or three are in forestry. 

Feasibility Studies: Four feasibility studies related to water resources completed or 
undenvay. 

1) A feasibility study for a rice irrigation project draining into the Rio Nigua arid Rio Yuna, 

- 
Proyecto del Desarrollo Agricola del Area AGLIPO (El Pozo). Feasibility was completed 
Jan1,rary 1982; project was completed some years ago. 

2) A feasiblity study for a hydro-electric dam, "El Torito y 10s Veg6nosU. Even though the 
loan was signed and approved by both the OECF and the CDE (Cornpanfa de 
Electricidad), Congress did not approve the loan and the dam was never constructed. 

3)he Feasiblity Study on the Constanza Valley Irrigation Project was completed in March 
1990. Was conducted with the participation of INDHRI. This project would require a sum 
of RD$109 million to implement; the D.R. would like grant monies from JICA. 

4) A feasiblity study, "Groundwater Development Project in the Western Region Dominican 
Republic", is now underway and expected to be completed in June 1992. Phase I is 
estimating groundwater potential and identifying potential areas for groundwater 
development; Phase 11 will analyze and evaluate the groundwater. This study is being 
conducted with INAPA. 



Participating Gov't Agencies/PVOs: INDH RI, INAPA 

Technical Assistance/Equipment: 

1) Two technjcians from INDHRI and one from iNAPA are in ,Ip,pan receiving 
training. 
2) A Japanese expert has been in INDHRI for two years. 
3) The Dept. of Natural Resources has one Japanese expert in fisheries. 

VII. Oraanization of American States (OAS) 

Key Contacts: Mr. Fernando Cavada, Director .. 
Mr. Eugenio Lobo, Dir. Int'l de Proyecto Ordenamiento de 
Recursos Hidricos - Mr. John Gould, Consultant * - 

Ing. Pedro Julio Bona P., Consultor 

Agency Mandate: Watershed Management, Pollution Control, Coastal Zone 
- Management, Water Supply and Sanitation, Waste Management, Soil 

Erosion, Water Planning and Management (including dams), 
Institutional Framework: See the studies described below. OAS only 
wnducts studies, and does not implement projects per se. 

- 
Participating Gov't Agencies/PVOs: INDHRI is collaborating with OAS on the water 
resources studies (below). 

- Studies: The OAS has just completed a study, the Frontier Development Project, which - 
identified potential development projects in the zone along the border with Haiti. As the - 
study evolved, most of these projects tended to focus on the Artitmito watershed. 
h analogous study was conducted by OAS on the Haitian side. In this study, a proposal 
has been made to develop agroforestry as the main component of watershed 
management. As a next step, IDB will finance a $500,000 to $1 million feasibility study 
for the watershed management project on the Haitian side. 

r 

OAS has plans to conduct a comprehensive study of water resources for the entire 
Dominican Republic, Plan de Ordenamento de 10s Recursos Hidriws de la Republics E 

Dominicans. They are waiting for the final approval of financing. Without financial - 

.: . 
assistance, 0.4s has already undertaken a small component of this study, an investigation 
of the hydrology of the Artibonito watershed and the feasibility of various irrigation and 
hydroelectric projects. Investigations over the past year have concluded that only one 



project would be cost-effective at this time - a project that would convey water through 
a tunnel from the Rio Jaco and Rio Lorino to the Valley Sabana Mola to improve irrigation. 

- 

Technical Assistance/Equipment: A senior consultant from Chile, Ins. Eugenio Lobo, has 
been provided to INDHRI as technical assistance for the hydrological studies of the 
Artibonito watershed. 

- 
M I .  United National Develo~rnent Proaram (UNDP) 

- 
Address/Phone/FAX: Ave. Nacaoiia 9 

531 -3403 
- 

Key Contact: Matilde Desoto, Coor. de la Unidad de Programaci6n 
- 

Studies: 
1) Are in the final stages of preparation of a three-year study of the optimal use OF the 
water resources of the Rio Jacque del Sur. The final report should be.available early 

- 1992. They are in the initial stages of a similar report for the Yaque del Norte. INDHRI 
# - - and the WMO participated. 

2) Supported the national effort to prepare a report, 'Informe Nacional - Republics 
Dominicans', for the United Nations World Conference on Environment and Development 
to be held in Brazil in 1992. Various national consultants participated in the preparation 
of the report. 

X. World Health Oraanization (WHO)/Pan-American Health Oraanization - 

Address/Phone/FAX: Apartado 1464, Saoto Domingo 
567-3639, 566-2705,5444322 (FAX) 

Key Contact: Ing. Luis A. Leal, Ing. de Pair; 

Aqency Mandate: Watershed Management, Pollution Control, Coastal Zone 
a Management, Water Supply and Sanitation, Waste Management, Soil 

Erosion, Water Planning and Management (including dams), 
Institutional Framework 

The WHO, in conjunction with the organizations listed below, has prepared a proposal 
($US 103.2 million) to implement a national plan for potable water and sanitation for high 
risk populations in rural and marginal urban zones. Ths plan,   republic^ Dominicana - 
Plan Nacional de Agua Potable y Saneamiento para PoblacIones de Alto Riesgo de Zonas 
Urbano-Marginadas y Rurales', has recently been linalized and is ready for presentation 
to potential donors. 



Participating Gov't Agencies/PVOs: SESPAS, Provincial Health Services, Civil, Cultural 
and Religious NGOs, INAPA, CAASD, and CORAASAN. 

Studies: The WHO has been participating with INAPA and others in studies of potable 
water quality over most of the country. This study is nearly complete. They have been 
measuring all the usual parameters of drinking water quality, i.e., pH, dissolved solids, 
BOD, faecal coliforrn counts, but have not been testing for heavy metals or complex 
organics. This study was in partial preparation for the proposal described above. 



APPENDIX 4 
Other Issues of Relevance to the Study 



Other Issues of Rslevance to the Study 

Issues covered in this section of the report concern some of the social-scientific bases 
of successful development activities. They refer to the method, rather than to the content 
of development work. Content is important (e.g., the technical definition and salution of 
a problem such as soil erosion), but an adequate choice of method is indispensable if any 
technical solution is to have a positive affect. Through the experience od.countless ill- 

- 
conceived foreign aid projects, designers have learned that when promoting development, 
cultural and political traditions of target populations should be respected, but it is not 
often explained why this should be so. 

- Cultural traditions govern access to and control over resources. In all societies, there is 
a fine balance between the level of power and the amount of resources an individual or 

- a group controls. Any type of power can be used to control resources. Cultural tradition 
will legitimate and regulate the use of power and force to control resources. The state 
is a mechanism (or a form of political culture) which mitigates the direct determination of 

- power. If a farmer steals land, water or animals from hisneighbor, the state will intervene. 
The power to trigger such intervention, to mobilize state power, is itself an important 
resource. Few individual peasants would be at58 to mobilize state power alone, but an 
organization of peasants will frequently be able to do so. 

The presence of foreign donors changes the balance of resources, often by the addition 
of new resources. Unless the addition of. resources includes a higher level of 
empowerment, impoverished and powerless target populations will lose the new 
resources. The resources (tools, pumps, seeds, schools, trees) will be stolen, sold, 
misallocated, sabotaged or othewise captured by these powerful elite groups. The local 
system of social stratification will efficiently take care of money, food and health as well 
as sf the illusions of impatient foreign technocrats. 

Basic health and education are means to empower individuals, while commurlity 
organization is a means to protect resources. If the three operate simultaneously, then 
-an increase in individual-level resources is feasible. Such kimultaneous operation is 
contingent upon individual motivation to participate, aud such motivation is in turn 
contingent upon an individual's perception of justice (inciuding equ'v). Hence, the chain 
of musalrty leading to successful foreign-sponsored c!evelopment work starts with the 
issues of justice and equity. 

Equity as a condition for control of deforestation and erosion 

;. . Deforestation and accelerated soil erosion are expressions and consequences of rurs! 
poverty. Impoverished peasants have few options in their struggle for survival, and one 
of their most widespread, short-term survival strategies in the past has been a Eorm of 

4A- 1 



slash-and-burn economy, which is itself a form of intermittent use of land. But what in the 
past had been a successful adaptation to conditions of abundance of some resources 
such as land, and scarcity of others such as legal title, capitfll and inputs no longer works 
for either peasants or the nation as a whole. Land has become scarce because the 
bottom land occupied by larger holdirags is unavailable to most peasants. Small holders, 
now five times more numerous than at the turn of the century, are mostly cultivating land 
on slopes. The removal of the vege&tive cover triggers a rapid process of degrsidation. 
Land use is no longer intermittent and even occasional fallow cycles are disappearing. 
Short-term survival needs dictates a permanent and destructive use of the. land. 

The impoverishment of peasants is the result of political actions, investment patterns, and 
tax22ion. Urban bias is evident in all of them. Political actions and governmental 
institutions are so centralized that most of their sewices and benefits inevitably accrue to 
cities where their budgets are controlled. Fore exar~ple, in the Dominican Republic, 
investments in infrastructure and housing have greatly favored cities, mostly in the Distrito 
Nacional (Aleman, 1982: 200-21 5). Taxation is mostly indirect and hence, non- 
progressive. Peasants are de facto the most heavily taxed segment of society. The 
cumulation of such relative disadvantages over the years has led to ever increasing 
rural/urban discrepancies. The results are visible everywhere as a great polarization in 
levels of wealth, health, political power, t;nd general well-being. The polarization between 
the 90 percent of farmers who are poor and the ten percent who are not, and bekveen 
rural and urban areas in general. 

Rural-urban migration is the principal mechanism relieving some of these discrepancies. 
Migration has led to a transfer of human resources to the city as rural areas keep 
subsidizing the city even in terms of human capital. 

A grossly inegalitarian distribution of resources is counter-productive for development. At 
a macro-level, cross-national comparison reveals much superior development 
performance in societies redistributing wealth from higher to lower strata (World Bank, 
1991: 161). At a regional (i.e., Latin American) level, smallholders have repeatedly been 
shown to produ~w more goods per hectare than large estates, even where livestock is 
included. The great success stories of the newly industrializing counbies (NICs) such as 
Thailand, Taiwan and ~oreb~characteristicsll~ include economic takeoffs started by first 
redistributing resources to small farmers (George, '1986). The agricultural boom has 
preceded the industrial take-off. 

Inegalitarian land-tenure patterns accelerat'e the destruction of the hillsides. An increasing 
number of peasants in the Dominican Republic own little or no land and must resort to 
one of two options. Either they work much of the time on land which is not theirs, or they 
increase labor input on their small parcels. Both options tend to accelerate soil erosbn. 

;.= Under present conditions, sustainable erosion control measures can only be implemented 
on privately owned land, and increasing labor input means switching to annual crops and 
suppressing fallow cycles. Human poverty produces poor and eroded soils. 



Equity can be justified on philosophical grounds, but this is not what is being done here. 
The argument here is purely practical. Equity is important because it provides ons of the 
indispensable motivational prerequisites of action in the collective interest. As long as 
peasants perceive that the benefits of collective action will be distributed equitably, they 
can be motivated to participate in the land maintenance and protection to prevent soil 
erosion. Equity in this context means that they can be certain to profit individually, and 
in the relatively short term, from investments made on their land. It also means that they 
see an equitable distribution of benefits accruing from investments made collectively. 
Luckily, the Dominican rural development experience contains proof of the efficiency, for 
both erosion control and income generation, of such equitable distribution of benefits. 

There is also ample proof of the inefficiency of other attempts to control erosion. Public 
forests have been planted and disappeared, state land has been terraced and the 
terraces have disappeared, and irrigation systems have been built and lost again. There 
is a real danger for any resource held or controlled in common to be considered an "open 
access resource", rather than a common resource. Whett~er the resource in question be 
trees, water, soil, or even harvests, it is sure to be abused, stolen, burned or neglected 
as long as it is 'open access". Scores of eroded public land, burnt state forests, washed- 
away terraces, roads and bridges bear a sad testimony to this. The protection of 
"common good resources" can only be assured if the benefits are distributed equitably 
at the local level. 

The work of the San Jose de Owa organization provides a vivid illustration for this 
analysis. Its efforts are based upon the follov;ing assumptions and analyses: 

L 

Problem: Rapid deforestation and erosion of a mini-watershed. 

Cause: Poverty. Having no other land and few other options, the local population 
produces charcoal and converts unsuitably steep land to agriculture. Each 
farmer is acting in a rational manner, but on the aggregate, these strategies 
become irrational. 

. . 
Technical 
sdlution: Reestablish vegetative cover on the steep (80 percent) upper slopes of a 

mini-watershod and control erosion of the lower (30 percent) slopes by 
terraces and appropriate agricuttural practices. 

Incentive: Provide irrigated land to the whole population. This is the single greatest 
asset for agricultural pr3ducers who are highly motivated to gain access to 
this. 

Means: Organize a publicly recognized and legally binding land exchange in the 
community. All of the upper land (80 percent slope) comes under 
community management and is converted to wood production under an 



agro forestry scheme. The use rights of lower (30 percent slope) land is 
redistributed among all communit-j members. 

Equity: Equity considerations come in at two levels: distribution of resources and 
risk. The (wealthier) previous owners of the land accept a reduction of 
access to landholding in exchange for irrigation, which triples profits IJer 
hectare and eliminates cliinatic risks. Furthermore, these previous owners 
are given a contractual guarantee that should the community fail to provide 
water for irrigation (through protection of the watershed), they.could regain 
control sf m y  land lost in the swap. The poorer and the previously landless 
farmers accept the terms because in exchange for labor spent on 
agroforestry and terracing, they now have rights in perpetuity to private 
plots of irrigated land, a resource otherwise denied them for life. They 
accept one risk (having to assure water supply) in exchange for another 
(low and irregular income from marginal land under uncertain tenure). 

Four observations cancorning this model come to mind immediately. First, the 'technical 
solutionsn applied, reforestation and terracing, are the very same which have failed in 
dozens of other projects in the Dominican Republic, Haiti and many other places. The 
design problems in other projects was not the technical packages, but the social and 
institutional conditions of applying the solution. Second, questions of equity and equality 
have been addressed and solved in a manner acceptable to both the (relatively) rich and . 

the poor. Access to highly valued resources are now distributed in a more equal way, 
and are of comparable quality, though not quantity for rich and poor. Third, community 
organization is the key to (a) assu:irig a legally-binding exchange of land, (b) productbe 
managemertt of the upper slopes, and (c) protection of the land from intrusion, theft and 
damage by owiders. Fourth, a significant demographic change is taking place. While 
the project's success has prompted some population increase, the population no longer 
lives on the steep slopes. Instead, it is concentrated in villages and spends most of its 
agricultural work on plots where agriculture can be sustained. 

Everyone wins in this example: all individual farmers will have higher a!id more regular 
cash incomes, and the community wins a measure of autonomy, power and prestige, 
which has already been used to secure the provision of other sewices such as a health 
clinic, schools, roads, which before had been unavailable. 

Under conditions of high population density in the Dominican ~epubiic, poverty is at the 
beginning of the causal chain leading to soil erosion. Reducing poverty is the "trick", or 
incentive which in the San Jose de Ocoa project, has led to the control of soil erosion and 
deforestation. It has also led to irllprovements in school accessibility and health levels. 

i.. 
The World fertility survuy of 1978-1923 has proven beyond any doubt that prospariity, 
education, and health are among the most siggificant determinants of lower fertility levels. 
For those who think that population density is also a factor in deforestation and soil 
erosion, this is good news indeed. 



Relevance of basic health care and educatilm - .- 

Governmental roorier~tation of investment and allocation policies since 1986 has lead Po 
a serigus deterioration of public services in [health and education, especially in rural and 
poor urban areas. The education budget of 1970 represented 2.4 percent of GDP while 
the 1989 budget represented only 1.4 percent. Private schools have taken up some of 
the slack, and local populations have shown a willingness to make considerable sacrifices 
to ensure the schooling of their children. This trend should be a matter of concern since 
numerous experiences around the world have established irrefir??ble causal links between 
health, education, economic development and the reduction of fertility levels (World Bank, 
1991:h'S-72). Investments in primary educalion are particularly productive. It has bean 
estinrated that every additional year of average schooling level in a Third World population 
raises the per capita GNP by up to 9 percent. The costs of improved educational services 
are high, but they pale in comparison with overall economic gains achieved. 

-1 
Low health levels also carry s heavy econclmIc toil. The annual income lost by adult 
morbidity has been estimated as 2.1 percent in Jamaica, 3.1 percent in Peru and 4.4 
percent in urban Bolivia (World Bank, 1991:62). Several other costs have to bo added 

- 
to this estimate such as the opportunity cost of premature death, the cost of lower 
productivity, the loss of non-salaried labor and the private and public cost of medical 
treatment. Public health systems are no doubt costly, but not in co~iparison to their 
direct and indirect economic benefits. 

Public investments in health and education have to be targeted carefully, especially at the 
lower levels of institutional and aconomic development. -The marginal benefits per dollar 
invested appear to ba highest in the lower half of the systems concerned. Public health 
measures such as potable water supplies and simple, rural dispensaries tend to 
drastically improve health levels. One example would be the work of SODIZUR, a PVO 
working in the La Zurza barrio of Santo Domingo. It has systematically monitored several 
health indicators and has seen them improve by rnore than 50 percent sin= tht3 
installation of selvices taking care of garbage, sewage and maternal and child health. 

. . 
Local populatiosis value education services very highly and respond rapidly to 
opportunities for the schooling of their children. This is evidenced by the rapid inerease 
of enrollment rates, such as the change in the Dominican primary enrollment rate from 
87 percent to 101 percent between 1965 and 1988. The rates alone, of course, do net 
guarantie the value of education, especially in a situation where unsupervised primary 
schools grow rapidly. This points to the importance of governmental budget allocations 
to tho education sector. Even if the ministry cannot build and run all of the schools, it 
must have krnds to supervise and assure the quality of curricula, teacher training and 

. . school materials used. 

The importance of basic education and health services is so critical that foreign donors 
should use all their political and financial leverage to help the Dominican governmerit take 



its responsibilities seriously in these fields. But even the target populations can be incited 
to perform work on a vzriety of fronts (such a erosion contra!) if project benefits include 
such highly valued goods as a potable water supply and a school. A major doncr such 
as USAID, is in a position to affect significant improvements in the fields of health and 
education by leverage alone and should include these as a matter of course in whatever 
activities are supported. In the past, these improvements in human capital have 
sometimes been the only tangible positive effects of foreign-sponsored development 
activity. 

Im~ortance of communitv ~artici~ation 

To organize community participation takes much time and energy. In view of the urgency 
of many water-related problems in the Dominican Republic community, developrr~ent work 
can only be justified under the fo!lowing conditions: 

Community work is efficient 
x. 

Community work is not an afficient way to build a port, plantation or factory. But - 
community work can be an efficient and cost-effe'ctive way of improving the quality 
of life around such investments and protect them from sabota~a and abuse. = - 

- 
Community work is indispensable i 

- 

Some of the most critical collective goals are directly at odds with individual short- 
- - 

term interests. It is pointless for a farmer to terrace his land unless land on the - - 
same slope above and around his own is also terraced. Piecemeal work in the 
protection of watar srrd soil resources is a waste of money. As scores of 
development professionals have found out, Sxmmunity mobilization is 
indispensable for any work in reforestation, erosion control, irriy~ition and many 
other fields. The "social technology" of erosion control is every bit as critical as the =- - 
hydrological, agronomic and geological technology. 

- . . 
Community participation has three important components. The first is individual 
motivation. For example, an individual farmer will adopt a measure of erosion control 

- 

(plant a leucaena hedge for example) if this investment will (a) bring himlher a higher 
income or other tangible advantages, (b) present himlher with no more than manageable 
costs, and (c) does not increase the risks involved in this or any other of his pursuits. The 
community is an efficient mechanism for directing the initial flow of information concerni ~g 
techniques, models, experiences, prices, risks and profrts towards indiv'?ual farmers. 
Instead of a sales pitch from agents of government, foreign donors or asa lcultural, input - 

merchants, none of whom, as the farmar knows very well, will suffer the consequences 
of bad decisions, the farmer will receive information from other farmers who are also his 
neighbors and relatives and are known to carry similar risks. Prices and profits are 
powerful motivators but profit maximization is not the farmer's highest goal (Lipton, 1968). 

- 
L 



Risu avoidance is much more important if one is opsVating near the bare minimum 
required for survival. 

Again, using erosion control as a.rl example, the secol'ld component which links 
community work and this societal goai is the element of social control. It is not by 
accident or rcmantic dedication to social values L!at a 1,000 yeat- old community in the 
Andes or in South-east Asia can maintain 1,000 ye,.; 91d terraces. The community's 
whole culture is structured so as to preserve this base of its economic adivity and the life 
of all individuals. Compliance with rules for tern- maintenance is enforced, and 
offenders are sanctioned rnost sevsrely. In the young, fragmented and reconstituted 
cultures of the Caribbean, such compliance cannot be expected, and such terraces will 
not be maintained. BiIf communities will exercise control over individuals at a (lower) 
level, commer.:iurate with community power and tradition. Examples of this can be found 
in the case of two small irrigation systems built and run by INDRHI near Azua. Locally 
powerful individuals quickly appropriated this resource for their own ends, causing 
sabotage, neglect, and poor efficiency overall. However, once local water councils were 
given affective control by a disillusioned INDRHI, the systems started to work much better. 
The communal organization can achieve what a governmental bureaucracy and some 
wealthy farmers had Seen unable to achieve. # 

Empowerment is the third link between commun'Q and achievement of societal goals. 
Community organization will empowsf individuals to protect their newly acquired or 
augmented resources. For the protection to be effective, the organization must be 
representative, as the examples of Dominican coffee cooperatives have shown (Marchetti 
cited in Aleman, 1982: 61). The motivational and behavioral effects of community 
organization can only be achieved if there is a true transfer of power to the commu'nity 
leiiel. Budgets, staff, vehicles come undar the control of local organizations if these 
organizations are to make their indispensable contrib~qion to erosion control. 

Planners are sometimes tempted to favor alternative forms of control over communal 
control mechanisms. Two such alternatives are physical force and financial incentives. 
Neither appears to have produced attractive ~esults in the field of deforestation and 
erosion control. The use of.armed forces has h e n  an expensive and inefficient means 
td prevent deforestation and have regularly become passively or even r cti~ely involved 
in cutting timber and producing charcoal. Financial incentives have been used to plant 
millions of trees on this island, but those trees seem to disappear soon after the 
incentives. The principal incentive, high prices for domestic annual food crops compared 
to coffee and other perennial crops which afford better soil protection, tends to backfire. 

To the individual farmer, the risks of erosion control measures lie in the reallocation of 
resources. Temporary short-term income loss by individuals is often replaced by some 
form of foreign donation; this replacement is a new resource which must be pro?zcted. 
Long-term income gain will accrue to the individual only if he/she is afforded an inc:ernciit 
~f political power, commensuratrj with his income gain. In both instsnces, it is the 



- - - - 

community which. must protect these new resources. Given the conditions of the 
- Dominican economy, control of deforestation and erosior? will only be achieved via the 

empowerment of local communities. 
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ANALYSIS OF DATA SOURCES 

A common constraint facing short-term consultant teams in the Third World is the paucity 
or absence of reliable data upon which to base its findings. The following is an analysis 
of the data sources which this team used during its intensive survey of the Dominican 
Republic. 

Oficina Nacional de Estadistica (ONE) 

ONE is found within ONAPLAN and is charged with conducting a wr?sus every ten years. 
The last census was conducted in 1981, the next is scheduled for 1992 but is in jeopardy 
due to lack of finance and advance plafining. 

Centro de Estudios Urbanos v Re~ionales ( G E M  

CEUR is thought to be one of the most reputable entities doing demographic and 
geographic/social research in the country. The group is finalizing a study on agricultural 
systems, environmental degradation, and n~ral poverty utilizing LANDSAT imagery and to 
produce an atlas of maps (unavailable as of Dacember 1991). The study has been 
extended to a multi-year data collection exercise financed by ClDA in collaboration with 
the University of Sherbrook. 

c- .*A 
I ~ : L I ~  de la Poblacictn Dominica - 

The 'Guida de la Poblacion Dominica" was published by PROFAMILIA and is one of the 
better books on population issues in the Dominican Republic. 

Agriculture/Agricultural Economics 

Probzbly the most complete source of information h r  statistics in the Dominican Republic 
is '"La Repdblica Dominicans en Cias", published by ONE (Oficina Nacional de 
Estadistica) in 1990. This publication has information on planted and harvested areas of 
primary crops and all productive activities of the country (i.e., industry, mining, fishing, - 
and tourism). A problem incurred was that harvested areas often appear greater than 
planted areas. This inconsistency indicates either mistakes or methodological aspects 
that need to be reviewed. A government budget (1991) published by the Secretaria de 
la Presidencia is also available. 

: 
Another important document is a publication from the Departmento de lnventario de la 
Secretaria de Agricultural (DIRENA) on production costs of the main crops of the 
Dominican Republic (1990). The document contains budgets per crop for level of 



technology and region. Little information on livestock production is available, though 
efforts to improve that situation are currently undeway by PRODELESTE (Programa 
Lechero del Este, PAO/PNUD). PRODELEST has been condf~cting a survey over the last 
two years and has the most reliable statistics on this activkj. 

Natural Resources 

The first attempt to compile a comprehensive inventory of natural resources was 
completed by the OAS in 1967. This study resulted in a three volume work (including 
maps). Since that time, various attempts have been made to partially update the 
information and improve the inventory which is now largely discredited. Most of these 
studies have been performed within or with the collaboration of various Departments of 
the Subsecretaria de Recursos Naturales. 

The best mapping of natural resources is taking place within the Departmento de 
Inventano (SURENA/SEA) and the Cartographic Department .of the Navy. An aerial photo 
base for the entire country was completed in 1983-84 (1990 for the city of Santo 
Domingo). 

, 

The USAID-funded MARENA project helped encourage the development of data collection 
and institutional strengthening through training, providing equipment, and funding 

.-= exercises such as aerial photography. Natural resource, socioeconomic, and 
demographic information has been collected for the Nizao, Rio Grande or del Medio, 
Maquaca, Chacuey, and Guaybin watersheds. . 
Water Resources 

a 
The Departmento de Inventario, with INDRHI and the Dominican Navy, has developed a 
detailed data base of all watersheds and sub-watersheds. This base was developed 

- 
using maps based on aerial photography. No ground tnlthing has yet occurred to verify 
the photo-interpretations. 

. . 
m Since 1986, GTZ has been assisting INDRHI to collect rainfall statistics and river flow 

rates. The validity of this data is suspect, and lNDRHl itself does not rely upon it. The 
planning department of INDRHI commissioned a study (Generacion de Caudales en 
Cuencas de la Republica Dominica, December 1991) to develop a new data collection 
model to replace the existing one. 

- 

Forest, Flora, and Fauna 

.... Other than good descriptions of the parks and reserves, and lists of endangered and 
protected flora and fauna, the A.I.D. Biological Diversity Assessment (1988) contains little 
information about the ststus of biological resources. Since that time, the Deparhcnento de 
Vida Silvestre has conducted a study of bio-diversity in the Dominican Republic (1991) 



- that gives detailed information on the names, characteristics, and locations of forest types 
in the country. Sin& 1985, the department has also been conducting studies of the flora 
and fauna of various areas recommended for protection (Lago Enriquillo, 1985; Sierra de 
Baoruco, 1985; Dunas de Bani, 1985; Loma Qu'ta Espuela, 1988; sierra Neiba, 1990; 
Loma Remigio and Loma Trocha de Pay, Costa dei Este, and Loma Nalga de Maco, 
1931; Loma Diego de Ocampo, Playa Chiquita, and Lorna La Herradura, 1992) 

Coastal Resources 

ClBlMA has been conducting coastal research for the past 35 years and is currently trying 
to analyze and synthesize the information in a way that will be useful to the public. Other 

- planned products of the research is an annotated bibliography, a data base, and maps. 
Some coastal information has already been mapped by CIBIMA, however the maps still 
need to be checked for accuracy. Various organizations and university faculty are 
planning to conduct an analysis of the status of resources reported in the literature but 

a no synthetic efforts has been made tc date. 
- 

Fishery 
# - 

Fishery data is seriously inadequate. The Fishery department of the GODR can only 
provide estimates of total catch by port for each month over the last two years. Data are 
collected by field technicians who meet boats at the dock and "estimate the catch." 
Reporting of data was patchy since most technicians do not have access to telephones. 

I While studies have not been conducted for the various fisheries (conch, lobster, shrimp), 
and no estimates are available regarding their condition (over-fished, under-fished), 
suggestions were made indicating a decline in the total yield. A graph plotting yields had 

- been initiated, but was subsequently stolen and the sffort dropped. 

INDOTEC's inventory of fishery resources (1980) appears to be well done, but its reliability 
is suspect since it was based upon data obtained from the fishery department. If the 
figures for total yields are accurate, they are several time that whi* is considered 
sustainable (Hartshorn et al., 1980). 
a '  

Soil Erosion and Sedimentation 

- The best data available comes from Juan lgnacio Fadon (AECI), who applied a model to 
calculate soil erosion in the Sabaneta watershed (La Ordenacion Agrohidrologica de la 
Cuenca Alimentadora del Embalse de Sabaneta: Application de una Matodologra para 
la Panificacion de Cuencas, 1990). INDRHI has requested his assistance to apply his 
model to other areas. The team was not able to access actual measurements of 

" sedimentation, nor other estimates. 



Pollution 

Interest and data collection on various forms of water pollution is relatively new in the 
Dominican Republic. INDOTEC has conducted studies for variotis industrial clients, but 
the reports are confidential. 

The Comision Saneamiento Ecologico has collected a considerable bady of data on 
industrial pollution which was to have been made available to A.I.D. The reports were 
not obtained however, so their quality could not be ascertained. 

Several groups, including the Comision Nacional para el Medio Ambiente, the French and 
the Germans, have produced reports on pollution on the lsabela and Ozarna rivers. The 
G R  collected~information as part of a proposal to conduct monitoring of pollutants in 
these and other rivers. The proposal and data was not available at the time of the study. 

The team learned of one other comprehensive e\!aIiratisn of pollution in the Ozama River 
conducted as part of an engineering degree by uhwe students at the UNPHU (Gonzalez 
et al, 1991). According to the professor who contscted the team, most of the lab analysis 
was conducted in the US since the reliability of results from some types of tests from any 
laboratory in the Dominican Republic is questionable. 

Laboratory Capabilities 

ClBlMA Laboratory (Un. Autonoma de S.D.) could be upgraded with small investment in 
laboratory equipmsnt, to conduct studies of water contamination; they were analyzing 
water for its potential for aquaculture, and making use of a U.V. spectrophotometer to 
study the chemical structure of natural chemicals with potential pharmaceutical use. The 
lab's gas-chromatograph (necessary to determine pesticide contamination in low 
condentrations) was not functioning, and the d ~ e s  not have the equipment necessary 
(nuclear absorption spectrophotometer) to verii heavymetal contamination. Lab 
personnel believe that at the lnstituto de Estudios Nucleares. A simple test-for water 
toxicity involved the use of an indicator microfauna species, Artemia Salina. The lab had 
a small generator, and a capable, energetic administrator .O(.Alvarez, M. Vasquez, 
personal communications). INDOTEC - is one of the few laboratories in the country with 
the guaranteed steady supply of electricity necessary to do accurate coliform counts; they 
can also test for biological oxygen demand (BOD) and dissolved oxygen (DO), as well as 
test for nitrates and phosphates. The lab does not have the capability to conduct 
analyses of organochlorides and other pesticides, or heavy metals. The Sec. de Mineria 
has a nuclear absorption spectrophotometer (Gomez, personal communication). 
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Institution 

LIST OF CONTACTS 

Name of the Person 

GO\ ERNMENT 

Acuario Nacional 

Cornisi6n Nacional para el Medio Arntslente 

- Cornlsi6n Nacional de Sanearniento Ecol6gico 

Comisi6n Nacional Tdcnica Forestal (CONATEF) 

Corporaci6n del Acueducto y Alcantarillado 
de Santo Domingo (CAASD) 

- Unidad Tbcnica de Operaci6n 

- Laboratorio 

Direccibn Nacional de Parques 

lnstituto Cartogdfico Miiitar 
(Marina de Guerra) 
- Mapas y Fotos Adreas 

InStituto Dominican0 de Tecnologfa Industrial 
(INDOTEC) 

lnstituto Nacional de Agua Potable 
y Alcantarillado (INAPA) 

lnstituto Nacional de Recursos Hidriiulicos 
(INDRHI) 

- Departamento de Planificaci6n 

- Distribucl6n de Riego 
- Hidrologla 

Uc. Enrique E. Pugibet B., 
Director 

Uc. Antonio Thomen 
Director Ejecutivo 
Uc. Andrtk Sallent, Member 

Ing. Tobfas Rosario, Director 
Tbcnico 

Uc. lvonne Garcla, 
Sumecretaria Tbcnica 

Ing. Gustavo Tirado, . 
Secretario Ejecutivo 
Enrlque SAnchez, Tknico 
NicolAs Montero, Tdcnico 

Ing. Ricardo Canalda, Director 

Ing. Leonel Mari6n-LanCais, 
Director 

Ing. Patria Marte, Encargada 

Marh Los Angeles D'Ocarnpo, 
Assistant to Director 

CapitAn C6sar BL Batista V., 
Director 

Fblix M. Gil U., ler. Teniente, 
Encargado . . 

Uc. Josefina Gbmez 

Ing. Jose Alberto Infante, 
Sub-Director 

1ng.C. ' r~gusto C\odrfguez Gallart 
Director Ejecirtivo 

Ing. Jose E. Tiburcio, Director 
Ing. Tomas Gor~zalez 
Ing. Reynoso, Aaesor 
Ing. Afiil 



- Hidrologla y Met~o log la  
- Data Collecting . 
- Pollution Seinpling 
- CLIB~?~-S  i(Mr0gr6ficas 
- Head of the Office for Watershed Management 

Marina de Guerra 

Secretark de Estado de Agricultura (SEA)/ 
Subsecretark de Recursqs Naturales 
- Departamento de Educacibn Ambientat 
- Departamento de Tierras y Aguas 
- Departamento de Vida Sllvestre 

- Departamento de Recursos Pesqueros 
. Divisi6n de Pesca 

. Difusi6n Tknlca 

. Divisi6n de Aguas lnteriores 
- Departamento de lnventario 

- Sanidad Vegetal 
- Sub-Secretariat of Natural Resources, Head of the 
Inventory Deparrnent 

Ing. Murillo 
Ing. Julio U ids  
Ing. Agustina Garch 
Ing. Felip Vicloso, Director 
Ing. Felipe Vicloso 

Contralmirante Vlctor F. Garcfa Ste A, 
SubJefe de Estado Mayor 
Ing. Luis Troncoso, Sub-secretary 

Ing. Alfredo Fedndez, Director 
Rat31 Mbndez, Director 
Bid. Emilio A Bautista M., 

Director 
Biol. Bienvenido Santana, Tecnico 

Marina Tejera, Directora 
Ing. Pablo Socorro, Encargado 

Enrique Saladin, Asistente 
Gladys Rosario, Encargada 
Magaly Peiia, Encargada 
Ing. Agro. Jose Mlguel Martinez G., 

Director 
Ing. Agro. Manuel E. Fbliz 

Ing. Jose Miguel Martlnez 

Universidad Aut6noma de Santo Dominycj (! JASD) 
- Centro de lnvestigaciones de Biologia h.'-..rina 
(CIBIMA) Venecia Alvarez, Directora 

ldelisa Bonnelly de Calventi, 
ex-Directora - - - 

Universidad Nacional Pedro Henrlquez UreAa (UNPHU) 
a - Departamento de Recursos Naturales 

- ; Departamento de Qulmica 

Pontificia Universidad Cat6lica Madre y Maestra 
(PUCAMAIMP.) 

Dr. Marcos Pefia !1, Profemr 
Uc. Andrds Sallent, Qulmlco 

Mons. Agripino Ndiiez C., Rector 
Ing. Nelson Gil, Vicerrector 
Adminlstrativo 
Ing. Rafael E. Yunbn, Vicerrector 
Acadbmlco 



Federaci6n Dominicana de 
Asochciones Ecologistas (FEDOMASEC) 

Fondo Pro Naturaleza (PRONATURA) 

Fundaci6n Ciench y Arte. Inc. 

Grupo Jaragua, Inc. 

- The Nature Conservancy 

Asociaci6n para el Desarrollo de San Jose 
de Ocoa, Inc. 
- Director of the Fondo de lnverslones en 
Recursos Naturales (FIRENA) 

- Proyecto FIRENA 

Barcel6 Industrial (Pro-Foresta) 

FLORESTA, Inc. 

Junta de Regantes 

Plan Sierra 

Progressio 

PRODELESTE 

Hector L 6 p a  Director 
Fernando Dudn, Dlrector 

Ejecutivo 

Dr. J o d  Serulle Rarnia, 
PresMente 
Dra. Jacqueline Boln, Directora 
Ejecut iva 

Sixto J. IncMustegul, PresMente 

.. 
Ing. Juan Mancebo, Gerente de Proyectas 
Domingo Marte, Representante para 

*RepbE'x Dominicana 

Padre Luid Quinn, Presidente 

Ing. Carios Bonilla 
L 

Carlos Jose Bonla, Director 
Sr. Quintanlla 

Jerry W. Dupuy 

Ing. Eldon Garch, Director Elecutb~o 
Ing. Femando Campos . 

Ing. Fernando God lez  

Uc. lnmaculada Adames, Directora 

Fernando ~omfnguez Aquino, 
Gerente General 

Ing. Chimics, Director 
lntemacional 

Dr. Bdlvar Toribio, Director 
Nacional 



Fundaci6n Dorninicana de Desarrollo (FDD) 

Centro Dominlcano de Organlzaciones de Inter& 
Social (CEDOIS) 

Dr. Eduardo Latorre, 
Director Ejecutivo 

Uc. Carlos Pirnentel R., Director 
Ejecutivo 

Ayencia Espafida de Cooperacl6n International/ 
lnstituto de Cooperacibn lberoamericana 

Agencia de Cooperaci6n lnternacional del 
Jap6n (JICA) 

Banco lnteramericano de Desarrollo (BID) 

Food and Agriculture Organization (FAO) 

Carlos Cano C., Bi6logo 
Rafael Cdrnara, Bi6logo 

Yoshiro Yanai, Encargado de 
Cooperaci6n T6cnlca 

Vario R. Mejla, Especialista Sectorial 

. 
Serge Mich6n, Representante 

Deutsche Geseiischaft fur Technische 
Zusamrnenarbeit (GTZ) 

- Servicio de Admlnistraci6n de Proyectos Dietmut Kiehl 
lnstituto para el Desarrollo del Suroeste Uc. Ludger Cheele, Coordinator 
(INDESUR) (Manejo Rational de Bosques Secos) - 

Proyecto Hidrologla alernana 
(INDRHIGTZ) 

International Rescarch and Training Institute 
for the Advancement of W~men  (IIVSTRAW)(UN) 

Organlzati6n of American States (OAS) 

a .  

World Bank 

World Heah 2rganlzation (WHO)/ 
Pan American Health Organization (PAHO) 

Geert Soer, Director 

Ueni Stamiris, Sub-Directors 

Ing. Cabada, Repfesehnte 
Eugenio Lobo, Encargado de 
Proyectos 

Ms. Madeline Devan, D.R. County Officer 

Ing. Luis Leal 



PRIVATE 

Junta Agroempresarial de Consultorla y 
Colnversi6n (JACC) Margarita Gil 

INDIVIDUALS 

Arq. Pedro Bone11 (Marine Resmlrces) 

Dr. Plinio Cabrera (PhD. Envirocmental impact Assessment, Consultant) 

Ing. Roberto Castillo T. (Ingeniero Sanitaria) 

Dr. Julio Santos Cayado (Ingeniero Civil s HidrAulico) 

INDUSTRIES 

DOLE Dominicana 

Falconbridge Dorninicana 

FRUDOCA 

Enrique Graugnard, 
Superintendente de Tierras y 
Diversificacl6n Agdcola 

Carlos A. Marranzini, Gerente de 
'Tesoreda 

Ing. Antonio Guerrero Bhez 

Jose M. Aponte, Director-Relaclones 
Pllrblicas 

Angel Esplnal (results of water 
quality analysis) 

David Ugrke, Superintendente 
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- 4.4 42.0 POSITIVE 
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