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Abstract

Management of protected areas is a complex task due to ecosystems’ inherent
variability and the conflicting interests of land users. Interdisciplinary approaches
are therefore needed to evaluate the feasibility of implementation. We ana-
lyzed the environmental and socioeconomic situation of the Laguna de Rocha
(Uruguay) protected area and its catchment area to contribute to its induction into
the National System of Protected Areas of Uruguay. We mapped the high prior-
ity conservation ecosystems, evaluated land use changes, analyzed perceptions,
power, and the affinity of social actors toward the protected area implementation,
and determined the total economic value of goods and services of the watershed.
We analyzed land use tensions and scenarios of economic and climate change.
We found that priority conservation ecosystems were well represented within the
protected area. The main land use changes were increases in afforestation, over-
sowing, and artificial pasture. The effective and participatory implementation of
Laguna de Rocha protected area will prevent further loss of ecosystem services
upon which the community depends.

Keywords: Ecosystem diversity, conservation legislation, Land use changes, envi-
ronmental analysis, management of protected areas.
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1 The context

Protected areas are defined by the IUCN as terrestrial and marine lands dedicated
to the protection of species, natural, and cultural resources, where certain activities
may not be permitted. Presently, management efforts in protected areas admit the
feasible coexistence of economic activities and the conservation of biodiversity
[1, 2]. The concept and management of protected areas has evolved and today
recognizes the need (and challenge) to involve local social actors in the planning
and the co-management of resources [3]. Moreover, protected areas are now seen
as developing nodes (e.g. poverty is relatively lower in their zone of influence than
in similar territories without protection [4]). Despite these effects that work as
bridges to sustainability [5], social aspects are only considered to meet environ-
mental goals and not to improve human welfare per se.

The management of protected areas is a complex task due to the natural vari-
ability of the ecosystems and to the social and economic dynamics involved.
Analysis of the feasibility of implementation of protected areas should therefore
be considered in an interdisciplinary way. This approach aims to integrate different
disciplines and methodologies to achieve new knowledge and understanding of
certain issues that would not have been possible following traditional disciplinary
perspectives [6]. However, the greatest challenge still remaining is to incorporate
social actors and local organizations in the research process.

Laguna de Rocha (LR) is a subtropical choked lagoon located on the Atlantic
coast of Uruguay, South America. The lagoon and the catchment area have a sur-
face area of 72 and 1312 km?, respectively. Among other relevant ecosystem ser-
vices, it supports the most important inland fisheries of the Atlantic coast of
Uruguay [7]. Its northern area is directly influenced by the freshwater discharge
from the watershed, while the South area is directly influenced by the Atlantic
Ocean through a channel that periodically opens on the sand bar [8] (Fig. 1). The
intermittent marine intrusion determines a steep salinity gradient decreasing from
south to north (ranging from marine to freshwater conditions). Hydrology is the
main driving force for ecosystem function [9, 10], and its effects on the salinity
gradient determine the overall ecological dynamics [11-14]. Often, the connection
with the ocean is artificially opened by the Rocha state authorities to reduce flood-
ing, but there is no long-term assessment of the impact of this major hydrological
modification. This lagoon is a feeding and reproductive area for important regional
fish resources [15, 16] and for resident and migratory aquatic birds [17], and is
included in the MaB-UNESCO Reserve ‘Bafiados del Este’ and in the National
System of Protected Areas. It was also proposed as a new Ramsar site.

The most important land uses in the catchment area of LR are livestock ranch-
ing on natural prairies [18], agriculture, afforestation, tourism, fisheries, and bio-
diversity conservation. However, in the 1990s, land use changes began to occur.
Oversowing and artificial pastures have expanded, as more recently, has soy bean
agriculture. Afforestation with exotic trees was also established as an expanding
activity. In the coastal zone, urbanization for tourism is increasing and small vil-
lages are encroaching natural areas [19]. The state capital (Rocha City, 25538
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Figure 1: Priority conservation ecosystems (see Table 1 for a specific description
of each ecosystem) and land use in the Laguna de Rocha catchment area
in 2005. The white color represents natural grasslands under extensive
livestock ranching.

inhab.) is located upstream of LR and discharges its sewage into the lagoon’s main
tributary after primary treatment.

The aim of this chapter is to analyze the present environmental and socioeco-
nomic situation of the LR-protected area to elaborate a strategy to appropriately
implement the area within the National System of Protected Areas. A three-step
research and analysis strategy was conducted. First, we developed the biodiversity
map of the area, analyzed the social actors’ relationships, analyzed the relevant
environmental legislation, and conducted an economic analysis. Secondly, we
GIS layers the most relevant information and overlapped the biodiversity map
with current and potential land uses, the spatial distribution of social actors, the
map of total economic value, and the different jurisdictional authorities in the area.
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Thirdly, we identified current and potential conflicts and developed scenarios of
land use and climate change to analyze the contribution of the protected area to the
sustainable development of the region, as well as opportunities to promote col-
laborative work with and between social actors in the frame of the management
plan.

2 The diagnosis
2.1 Ecosystem diversity and the protected area boundaries

Ecosystems were classified using a satellite image taken in 2005 (Landsat TM 5,
Path/Row 222-084) and verified in the field. All maps and calculations were con-
ducted in a geographical information system. Previous vegetation classification
studies were consulted [20, 21] (see Rodriguez-Gallego et al. [22]. for a detailed
methodological description). Biodiversity specialists were asked to assign priority
conservation species and ecosystem services for each ecosystem.

The catchment area of LR has high heterogeneity of ecosystems, many priority
conservation species, and diverse ecosystem services (Fig. 1, Table 1). The bound-
aries of the protected area include 9 of the 15 ecosystems identified, suggesting an
effective design. However, the boundaries of the adjacent zone have not yet been
established (i.e. the area adjacent to the protected area, which is also the subject of
conservation legislation) and should be designed in order to increase the represen-
tation of ecosystem types. Temporal ponds with endemic annual fishes and the
fluvial forests and wetlands downstream of Rocha City that are important for
maintaining water quality should be included. A non-natural but pragmatic bound-
ary of the adjacent zone defined by the main roads and the ocean (South), which
closely follows the catchment concept, includes most of the priority ecosystems
for conservation (Fig. 1). This boundary would also be easy to communicate and
manage. Most of the fluvial and highland forests, highland grasslands, and out-
standing landscapes will be left unprotected.

However, there exists other legislation not exclusively related to protected areas
that, if effectively applied, may guarantee their protection (see Section 1.4).

2.2 Social actors’ dynamics

Population data was obtained from the National Census of Population and Housing
[23-25]. The spatial units were larger than the LR catchment area and several vil-
lages outside the catchment area (La Paloma, Costa Azul, and La Aguada) were
included in the analysis due to their direct influence on the protected area. We
conducted a poll in the catchment area to analyze the degree of knowledge of the
local population about the LR-protected area. Anthropologic research was done
using the ethnographic approach [26], including participant observation and eth-
nographic interviews. A map of social actors indicating their position regarding
the implementation of the protected area was developed based on field work done
from 2005 to 2007. Four groups of qualified people were collectively interviewed;
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Table 1: Description of the priority conservation ecosystems in the Laguna de
Rocha catchment area.

Ecosystem Area (ha) Relevance and conservation targets
Laguna de Rocha* 7304 Sustains fisheries; nursery and feeding area
for commercial fishes and crustaceans
Laguna de las Nutrias* 44 Population of capybara; water bird nesting;
(on the left side of 30% of bird species of Uruguay;
LR sand bar) relevance for ecotourism
Lagoon bays * 846 Submerged prairies of aquatic vegetation;
feeding area of black necked and
coscoroba swans; endangered bird
species (e.g. flamingo)
Sandbanks* 129 Connection between the lagoon and the
ocean; migratory and endangered birds
Emergent plant 2064 Buffer from the catchment area; pollutant
wetlands* filtering; resting and nesting sites for
aquatic birds
Coastal prairies* 4907 Sustains 4.7% of the global population of
the endangered buff-breasted sandpiper
during migration
Coastal forests and 6 Endangered ecosystem; endemic species
shrublands* of plants and invertebrates
Fluvial and highland 6008 Corridor system for fauna; filtering runoff
forests from agriculture fields
Rocha Stream fluvial 284 Recovery of water quality after urban
forests sewage discharge
Temporal ponds ne Endemic annual fishes
Sierra del Chafalote ne Nesting site for grassland birds
(East side of the
high watershed)
Sierra de los Rocha ne Outstanding landscapes
(West side of the
high watershed)
Natural grasslands 83,912  Biodiversity values not addressed in this
chapter
Marine littoral zone* 399 Erosion protection; sand bar and dune
dynamics maintenance; nesting/resting
area for migratory and endangered
birds; habitat of an endemic toad
Protected marine area* ne Exchange of larvae and adults of fish and

crustaceans; sea turtles, dolphins and
whales of conservation priority fre-
quently observed

*Ecosystems included inside the protected area boundaries; ne: not estimated.

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press
www.witpress.com, ISSN 1755-8336 (on-line)



394 ECOLOGICAL DIMENSIONS FOR SUSTAINABLE SOCIO ECONOMIC DEVELOPMENT

selection was done afterward considering their involvement with the protected
area. They were classified as: 1) governmental institutions, 2) social civil organiza-
tions, and 3) informal groups, persons, and sectors, and were allocated on the map
according to their affinity and power regarding the protected area implementation.
‘Power’ is understood as the empowerment of social actors and is the agent’s abil-
ity to mobilize resources and to achieve results [27]. Their relationships were then
evaluated.

The total population in the study area was 31,274 people, 81.7% of whom were
concentrated in Rocha City (0.7% of catchment surface). The rural population
decreased to 21.3% from 1996 to 2004 due to migration to urban zones. The popu-
lation in coastal urban zones increased to 34% between 1985 and 2005 due to the
transformation of seaside resorts into permanent living sites. The two small fishing
villages, Puerto de los Botes on the main tributary (Rocha Stream) and La Barra
on the sand bar, maintained a stable population of 18 (INE 1963, unpublished
data) and 56 people [28], respectively. La Riviera, also on Rocha Stream, was
founded in 1980s and had a permanent population of 37 people (in 2004), a num-
ber that swells to several hundred in summer.

According to the poll results, inhabitants of the LR catchment area are highly
concerned with the conservation of LR. More than half (54.5%) of the people
visited at least one coastal lagoon in 2005; LR was the most visited (75.8%). The
environmental problems perceived by the respondents were resource overexploita-
tion (32.3%), pollution (22.3%), insufficient protection (31.8%), and species
extinction (21.8%). The knowledge that LR is a protected area increased with
educational level and people who had previously visited other coastal lagoons
were five times better informed, suggesting that the information obtained during
field visits is relevant to make people aware of the importance of conservation.
Among the people who were aware of the protection status of LR, 65.2% indicated
that the management of the protected area should be conducted by a multisectoral
consortium, while 94.7% indicated that a management plan was either important
or very important. The existence of the National System of Protected Areas was
not widely known by the respondents (16.8%).

The social actors’ map (Fig. 2) can be analyzed in four quadrants according to
the affinity and power of the actors involved. Quadrant 1: actors with high affinity
and power, including governmental institutions with jurisdiction in the implemen-
tation of the protected area and resources management (e.g.: National System of
Protected Areas and other offices at the Ministry of the Environment and Rocha
state). Most of these institutions cooperate positively.

Quadrant 2: social actors with high affinity but low power regarding the imple-
mentation of the protected area, including social organizations and informal
groups with strong and positive interrelationships (also with the previous cluster).
The national public university UdelaR belongs to this cluster. Quadrant 3: the high
power and lower affinity cluster is comprised by institutions and sectors whose
activities or policies may negatively affect the implementation of the protected
area. These actors do not interact with the other involved stakeholders. Since there
are no conflictive relationships between this cluster and others of higher affinity,
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Figure 2: Map of social actors in the Laguna de Rocha catchment area, accord-
ing to their power and affinity towards the protected area implemen-
tation (IDR: Rocha state government; DINAMA, DINARA, DINOT
and RENARE: National Bureaus for the Environment, Fisheries, Land
Planning and Renewable Resources, respectively; MGAP and MTOP:
Ministries of Agriculture and Public Works, respectively; PNN:
National Port Authority; SNAP: National System of Protected Areas
at DINAMA; PPR: Responsible Production Program at MGAP; PRO-
BIDES: Program for the Conservation of Eastern Wetlands; APALCO:
Local fishermen’s cooperative; UDELAR: University of the Republic,
Uruguay).

they show a great potential to initiate dialog. The Rocha government has territorial
influence and jurisdiction and therefore its participation in the implementation of
the protected area is relevant. However, it shows an intermediate position between
the high- and low-affinity institutions toward the protected area implementation,
due to the double influence of conservation and more traditional development sec-
tors. Quadrant 4: the lowest affinity and power cluster is composed of some actors
related to fisheries that perceive potential affectations; other important institutional
actors show indifferent positions, indicating that the management plan should
stimulate their participation.

As a whole, and although the social actors’ map is a simplified picture of the real,
complex, and dynamic relationships among actors, it reveals a high concentration
of stakeholders with positive or neutral relationships and few conflictive situations,
indicating a positive scenario for the implementation of the protected area.

2.3 Land use changes
We quantified changes in land use over a 31 year period by comparing satellite

images from 1974, 1997, and 2005 (Landsat TM 5, Path/Row 222-084). We also
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Table 2: A comparison of land use in the Laguna de Rocha catchment area
between 1990 and 2000 according to the National Farming Census (nr:
not recorded) [18, 30]. The census units represent a higher surface area
than the catchment.

Land use Surface area (ha) 2000  Surface area (ha) 1990
ha (%) ha (%)
TOTAL 172,022 100 128,125 100
Afforestation 8084 4.7 2633 2.1
Horticulture and vineyards 225 0.1 244 0.2
Cereals 381 0.2 627 0.5
Forage 1540 0.9 1051 0.8
Tiled lands and stover 511 0.3 828 0.6
Artificial pastures 10,204 59 3986 3.1
Oversowing 16,983 9.9 1431 1.1
Fertilized natural grasslands 976 0.6 nr —
Natural grasslands 122,068 71.0 109,615 85.6

consulted the National Farming Census [18, 29, 30]. Although the census surface
area units were higher than the catchment area, the data was still useful for deter-
mining tendencies of land use change.

The main land use in the catchment area of LR is livestock ranching on natural
grasslands (Table 2, Fig. 1). Cow and sheep ranching affects 95% of the area [18],
while dairy is done on 4% of the area and is mainly located in the surroundings of
Rocha City. The main change in land use was afforestation (with Eucalyptus spp.
and Pinus spp., both exotic), which was marginal in 1990 and reached 7.1% of the
catchment area in 2005, and is mainly located in highlands.

Horticulture (mainly potato) and cereal crops decreased slightly according to
the census, while forage, artificial pastures, and oversowing increased (Table 2).
Unfortunately, the boom of soybean agriculture in LR occurred after 2005 and
therefore was not captured by this study. Agriculture is located on middle lands,
between the lagoon floodplains and highlands. The satellite image analysis showed
a 10% decrease in the surface area of natural grasslands from 1974 to 2005 due to
afforestation and agriculture expansion. The 1990s were the inflection point in the
land use changes.

2.4 Institutions and legislation

All social actors were mapped according to their territorial interests and jurisdic-
tions. Maps were overlapped and the number of social actors in a grid of 1 km? was
estimated. A revision of laws, decrees, and treaties related to the LR catchment and
protected area was conducted. Jurisprudence and doctrinal positions were revised
and the evolution of the conservation legislation analyzed.

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press
www.witpress.com, ISSN 1755-8336 (on-line)



INTERDISCIPLINARY DIAGNOSIS AND SCENARIO ANALYSIS 397

The number of social actors with interest or jurisdiction in the LR catchment
area was as high as 34. National institutions that regulate waters, environment, and
land planning totaled 19, while the other 15 social actors mainly included NGOs
and other less formal groups. The concentration of social actors was higher inside
the protected area (17-23) and also in highlands (15 to 16), where conflicts with
afforestation had surfaced recently. The high concentration of nongovernmental
actors inside the protected area, while considered to be a strength, should be prop-
erly managed through a participatory and transparent process to avoid conflicts.
Co-ordination seems an important requisite for the implementation of the manage-
ment plan due to the high number of governmental institutions with a large range
of overlapping responsibilities. The social actors’ map (Fig. 2) shows the need to
establish clear regulations for fisheries to achieve collaborative management. On a
catchment scale, a major zone of conflict is the highlands, where afforestation and
social opposition to it drove the creation of the Basin Committee in 2009.
Relationships between the protected area and ranchers will depend on the partici-
patory process during the management plan elaboration and implementation.

The declaration of LR as a protected area evolved from the first decree in 1977
to the actual incorporation into the National System of Protected Areas, progres-
sively incorporating the new concepts of conservation science and becoming more
effective at reaching biodiversity targets. The first legal recognition only consid-
ered public lands (basically the lagoon surface). The area has progressively incor-
porated private lands and the current boundaries combine terrestrial and marine
habitats.

Although environmental legislation in Uruguay has evolved rapidly in the last
two decades (Table 3), there still exists a large degree of overlap, especially at the
level of institutional jurisdiction. Besides protected area legislation, there are other
specific norms for the protection of biodiversity, water, soils, and fluvial margins
that regulate the use of natural resources in the territory. These norms are dispersed
and overlapping, and sometimes are ineffective because of lack of field control.

Rocha is the only state that has a modern coastal legislation, the Coastal
Ordinance of Rocha [31], which incorporates the concept of integrated coastal
management. The OCR segments the coast for operational planning and encour-
ages the active participation of local people. Strategic zoning is done for the pur-
pose of diversifying tourism and preventing a uniform, linear, and continuous
urban development along the coast. Nevertheless, the government of Rocha later
modified the status of certain land registries (decrees 17/05 and 2/06), transform-
ing rural lands into urban and making the legislation more permissive for tradi-
tional tourism development.

2.5 Total economic value

Direct, indirect, and option values were estimated and added to obtain the total eco-
nomic value (TEV) for goods and services of the LR catchment area. Direct value
(marketable goods) were estimated with classical economic methodologies consid-
ering the productive functions, using data from the agriculture census [18], 2005
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Table 3: Main environmental legislation in Uruguay relevant for ‘Laguna de

Rocha’s’ case study.

Legal document

Details and scope

Impact Environment Act
(1994; Law 16466 — 2005;
Decree 349)

National Constitution
(1996; Art. 47)

General Environmental
Protection Act (2000;
Law 17283)

National System of Protected
Areas — SNAP (2000;
Law 17234)

Activities in protected areas and in a protected
strip of 250 m from estuary or ocean coasts
require environmental assessment

Declares environment protection of ‘public
interest’, collective interests have
preeminence over private or individual ones

Waters, soils, landscape quality, and
biodiversity are of ‘public interest’; seeks
‘sustainable development’

SNAP is of ‘public interest’, imposing
obligations on governments and potentially
enabling limitations to private rights

Rocha Coastal Ordinance —
OCR (2003; Decree 12)

Based on the principle of Integrated Coastal
Management; discourages continuous linear
urban development and roads parallel to the
coast; promotes fusion of small coastal lots

All waters enter into the Public Domain, by
popular initiative

Constitutional Reform on
Water Rights (2004;
Law 18610/2009)

Land planning and Sustainable
Development — LOTDS
(2008; Law 18308)

Main national regulatory framework for land
planning

prices, and other information [32-36]. Indirect values of ecosystem services are
not taken from the market. We analyzed only two ecosystem services, water qual-
ity maintenance and water yield. Both were estimated by the substitution method
(cost of implementation of a sewage treatment plant and water quality maintenance
service, respectively). Other ecosystem services (e.g. grassland productivity, soil
maintenance, fish production, carbon fixation, erosion protection, and so on) were
not valued because of a lack of specific information; we therefore expect this TEV
component to be underestimated. Option and existence values were valued with
the contingent method to determine the willingness to pay [37], based on a poll
conducted in the catchment area in 2006; a total of 230 people (excluding tour-
ists) were asked their willingness to pay a hypothetical task to maintain LR as a
protected area (same poll described in Section 1.2). A cost-benefit analysis was
then conducted (benefit values were taken from the TEV estimation and costs were
evaluated as the protected area basic implementation).

Direct use values represented 84.4% of TEV while the indirect use values rep-
resented 4.1% (Table 4). Livestock ranching was the main economic activity, fol-
lowed by tourism and afforestation. Option and existence value showed that the
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Table 4: Total economic value of goods and services in ‘Laguna de Rocha’s’
catchment area in 2005.

Activity UsDy™ %
TOTAL ECONOMIC VALUE 25,240,122 100
USS y ' ha™ 207,9 -
DIRECT USE VALUE 21,299,156 84.4
Livestock ranching (caw) 8,496,300 33.7
Dairy 1,007,767 4.0
Livestock ranching (sheep) 678,905 2.7
Wool 1,313,693 5.2
Afforestation 1,854,012 7.3
Potatoes 752,640 3.0
Rice 200,363 0.8
Corn 29,654 0.1
Inshore fisheries 195,472 0.8
Tourism 6,770,349 26.8
INDIRECT USE VALUE 1,024,000 4.1
Water quality 270,000 1.1
Potable water supply 754,000 3.0
OPTION AND EXISTENCE VALUE 2,916,966 11.6

population in the catchment area would pay around 9 USD per capita per month
to manage the LR protected area, representing 11.6% of TEV. This value could
increase if tourists are included in the analysis. The spatial distribution of TEV
(Fig. 3) shows how livestock ranching is conducted in the entire catchment area
and also inside the protected area, while tourism, the second most important activ-
ity, is located in the coastal zone adjacent to the protected area. Some agriculture
is also located inside the protected area but afforestation is entirely outside. The
two ecosystem services valued in this chapter are not included within the protected
area boundaries; therefore, other protection mechanisms are required.

The option and existence values, as well as also the indirect use values, were
higher than the costs of the basic implementation of the protected area (~324,000
USD). Therefore, the implementation of the protected area is highly feasible eco-
nomically and significant on a local scale. The net present value of benefits and
costs of the LR catchment area per hectare ranges between 693 and 896 USD,
depending on the rate of opportunity cost used (5—15%). If a hypothetical tax of 10
USD is implemented to visit the LR area, a potential direct annual income of
50,000-265,000 USD could be obtained, based on a figure of 5000-26,500 tourists
that annually visit LR and the adjacent La Paloma, respectively. Therefore, tourism
could support an important proportion of the annual budget of the protected area.

The impact of afforestation on water yield is currently a social concern
in Uruguay. Farley [38] demonstrated that reductions in annual runoff from
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Figure 3: Spatial distribution of the total economic value in the catchment area of
Laguna de Rocha.

afforested lands can cause and intensify water shortages. Potable water supply for
Rocha City is taken from Rocha Stream, whose catchment area is being afforested
rapidly (68% is suitable for afforestation); thus, local social actors and govern-
ment are concerned about water shortages. We analyzed the potential economic
income produced in the Rocha Stream catchment area if all the suitable soils were
afforested (14,090 ha; 255 USD per hectare; total value ~1,854,000 USD in 2005)
and compared it with the cost of the water supply for Rocha City (based on water
consumption; total value ~755,000 USD). The monetary value of the potable
water use represented 40.7% of the potential economic value of afforestation in
this subcatchment area. Therefore, if afforestation is to affect Rocha City potable
water supply, it should compensate for the costs of supplementary water sources.
Discussions and research on the maximum proportion of accepted afforested area
in the watershed is needed to establish an appropriate regulation.

3 The key arising conflict: tension between land uses and
biodiversity conservation

Land use intensification may drive several tensions with biodiversity conservation

due to the modification of natural ecosystems [39]. Agriculture replaces natural
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Figure 4: Tensions between current or potential agricultural (left figure) and affor-
estation lands (right figure) and Laguna de Rocha protected area.

grasslands and forests, and employs fertilizers and pesticides that are later exported
to aquatic ecosystems. Nutrient exportation from agriculture and sewage effluents
may drive eutrophication processes. In LR, because emergent macrophyte wet-
lands are quite narrow, the buffering capacity is relatively low. Therefore, artificial
pastures near the lagoon (NE zone, Fig. 4b) may be a critical source of phosphorus
[40], and also of glyphosate. Aubriot [41] reported initial phases of a cultural eutro-
phication process in LR and cyanobacterial blooms were already recorded (Conde
et al. 2003, unpublished). Nevertheless, other ecosystem services would mitigate
this impact, such as the freshwater discharge during the sand bar opening [19].
Agriculture within the protected area boundary is small and it is represented mainly
by oversowing and artificial pastures. Most suitable soils for agriculture are located
in the northwest zone of the protected area and well within the recommended
adjacent zone boundary, indicating potential conflicts in a short term (Fig. 4).
Therefore, protection of the fluvial forests and riparian wetlands may be crucial for
maintaining stream water quality and mitigating eutrophication in LR.

Livestock ranching is mainly conducted on natural grasslands with low fertilizer
consumption and is therefore an activity relatively compatible with biodiversity
conservation. Nevertheless, improvements to management practices should still be
incorporated to mitigate other impacts. Animal stock should be adjusted to reduce
overgrazing and to enhance grassland richness and growth of the most valuable
native forage species. This management can not only improve grassland quality but
also increase productivity, making agriculture less attractive to landowners.
Temporal grazing exclusions should be designed to permit regeneration of natural
forests and protect certain wetlands during the nesting period of aquatic birds. The
forage contribution of wetlands vegetation should be quantified since it is an
important food resource for cattle. Because of meat production on natural grass-
lands that can be as high as that on artificial pastures, livestock ranching may inten-
sify in a short term due to the increase of international meat prices, so an increase
in the use of fertilizers and gliphosate can also be expected. The LR management
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plan should therefore protect the fluvial forests as well as encourage traditional
grazing on natural grasslands.

Afforestation was the main land use change in the study area in the last 10 years.
Suitable lands for afforestation are distributed mainly on highlands (31.5% of LR
catchment area). Although direct interference between afforestation and the pro-
tected area implementation is marginal (Fig. 4a), the impact on natural grasslands
in the catchment area is high as these ecosystems are being replaced by tree planta-
tion. Moreover, highland natural forests can be cleared and fragmented for tree
plantation. However, the comparison of the surface area of natural forests in 1974
and 2005 indicated no major replacements of natural forests although fragmenta-
tion was not evaluated.

The most intense tension with biodiversity conservation is likely traditional
tourism urbanization on coastal sand dunes. The eastern coastal zone of Uruguay
was fragmented in small resorts after 1940, and following the increase of land
prices the pressure to urbanize these resorts increased. Even the sand bar of LR is
fragmented into hundred of lots. Although urbanization in the coastal zone has
several legal drawbacks, this issue remains a conflict of complex resolution. The
Coastal Ordinance of Rocha [31] lists several alternatives to solve this conflict
(e.g. Rocha state can offer other lots to owners and confiscate lands due to tax
debts) that have seldom been applied. Managers of the protected area will need to
be creative enough to find a solution to avoid linear urbanization on one of the last
wild areas of the coastal zone of Uruguay.

4 The scenario analysis and final recommendations

Based on the information of this chapter, we adapted plausible scenarios of land
use and climate change elaborated by Paulino ef al. [42] for Uruguay to the local
situation of LR and its catchment area. The scenarios helped us to underpin the
planning recommendations emerging from the previous integrated analysis. Three
scenarios for five sectors (four land uses and climate change) were developed
(Table 5): i) current situation, ii) intensification of the current land change ten-
dency (maximum surface area representing the suitable soils for different land
uses), and iii) full implementation of the protected area through a management
plan.

Among several negative impacts of the two less conservationist scenarios, the
most worrying are lagoon eutrophication, dune erosion, habitat loss, water short-
age, and flooding. On the other hand, comprehensive agreements pursued by the
Basin Committee, technical support and protocols for environmental and tourism
best practices, and a local trademark are notable benefits of the more advanced
scenario. Comparing the numerous drawbacks of the current/intensification situa-
tions with the many benefits of the protected area setting, it becomes clear that
present threats to biodiversity and ecosystem services can worsen if current land
use intensification tendencies continue. To confront this possibility, the effective
implementation of the protected area (i.e. urgent development and application of a
management plan) becomes the only sustainable alternative.

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press
www.witpress.com, ISSN 1755-8336 (on-line)



INTERDISCIPLINARY DIAGNOSIS AND SCENARIO ANALYSIS 403

panunuoy)

S10[ PO9J pue S[eWIUE

dVDIN | JO Ioquinu 9y} JO 9SBAIDUI {QUOZ -
uo1solI9 [1os ‘uonesrydonna ‘suonerodiod | jusoelpe pue eare pajosjoid ) ur =
[eI[nd ‘Uonen)Is JUILIND pue sjueuo) | sarnjsed [BIOYTIE pUB SUIMOSIIAO uoped | &
QUON 9} JO UOTIBOYISUU] ‘s1oumopue| 0] UOISIOAUOD pUB[sSel) | -yisuoup | &
osn ayesoydA£[3 pue (urseq Jo 9,9>) m
I9ZI[NIJ JO ASLAIOUI {SPOOY sainjsed [erOYIIE puB SUIMOSIOAO =3
pue s1y3NoIp 03 UAIISAI | JYDIA ‘SIUBU) JO 9SBaIOUl ‘SpUB[SSBIS [BINJBU | UONENIS G
QUON pue spue[sseI3 Jo SSo] ‘{sIouUMOpUR JIOAO SUIYOURI YOOISIATT | JuaxIn)
Yrewopen VNS ‘seonoeid uvone[ndod (e | JvNS dVOIN
159q 10§ 170ddns TeOTUYD) | 9 JO QOUBUIIUIEW {UondoId ‘suonerodiod soonoead 1s9q Jopun
‘osn pue[ 9)e[n3a1 0) [1os ‘oourudurewr Ayenb ‘Sjueud) | Quoz Judoelpe ur paprurad feore BIIE
SIQUMOPUER] )IM JORIIUOD) IoJem pue pue[SSeIs [eInjeN ‘{sIoUMOpUERT pa1o9j01d oy ur papruiad JoN | poIddloIg
(yuouwydied
uonerndod [en1 oy jo Y} JO 9,7 URY) 2I0W) JUOZ QW
juowdoe[dsip ‘uoneorydonna dVOIN juooelpe pue vare pajoojord m
[eINNO SUOTIBN)IS JUSIIND ‘suonerodiod QY UMM UOTIBOYISUUT uoned | =
QUON 9} JO UOTIBOYISUU] Aurepy | emymouse ueaqKos snonunuoy) | -yisuoup | ©
dVDOIN
SSO[ pue[sseid ‘suonje1odiod (eaxe JUSWIYDILD AY) JO 9,9 Uey)
[eINJRU ‘UOTISOID [0S ‘asn PUE SJUBUQ) | SSO]) QUOZ Juadelpe oy} ur ueaq A0s | uonemIs
QUON [BOTWAYO0ISE PUE IAZI[TIS] ‘SIoUMOpUERT omueSsuen pue wny3Ios ‘0jejod | JULLIN)
sanroey ued juswadeue]y | (eanisod pue aane3au) syoeduwy sjuage urejy uondrIosap oIseq | OLIBUAOS | I0JOS

*(wstnog, Jo ANSTuIpy :qYNLNIIA € 2191, Ul pue ¢ “S1q Jo puaSe[ Ul SUONRIAIQQE 395)
BOIE JUSUIYDIED SIT PUB BaIR Pa3oajold eyooy op eunSe ur oSueyd JeWI[O PUE SI0)03s SN PUER] UTBW ) JO SISA[RUL OIIBUIOS :G J[qeL,

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press

www.witpress.com, ISSN 1755-8336 (on-line)

&



404 ECOLOGICAL DIMENSIONS FOR SUSTAINABLE SOCIO ECONOMIC DEVELOPMENT

aseaout spoedwr aueyo VINLOAIN | ®ore pajoojoid ay) 0) pue siseod
omeWI JO S Je)Iqey JO Al | [eInjeu UO 90UBAPE UOTJEZIUBGIN
SSOJ 9SBaIOUT UOISOId [BISBOD {SIQUMOpUR] $S110S91 9pISEas AQIeau Ul | UOLeNIIS
SUON ‘ssof 1e1qey pue sedeospue |  ‘suonerodio) pazrueqin A[YSTY ouUOZ [BISLO)) | JUALIND
dVNS
paurejurewr uoryeindod ‘VINLOAIN
[BINI ‘paonpai sYSH 23e1I0ys ‘9anIuIwIo)) SBOIR JUQWYOIBIqNS
QoNIIW0)) UIseq IoJeM ‘poUTBIUTRW SASN pUB[ uiseq | urew Y} JO 9% (g 01 O UBY) I0W BaIR
9} YIIM UOTIRUIPIOO)) [euonIpeI] puE spue[sseln) | ‘suonerodio)) Adnooo Jou $20p UONEBISAIONY | Pa1odloig W
=}
uonen)Is dVOIN (a1 JUSWIYDILD woned | ¢
QUON JULIIND 9} JO uonedyIsuau] | ‘suonerodio)) JO 95()€) 9SBIOUL UONBISQIONY | -LISuaiu[ m.
S
paoerdsip uonendod eini ¢3ur =
-[youel pue aINj[NOLISE YIIm Uon BAIE JUSWIYDIBD )
-nodwoo ‘o3ei0ys Jojem fuon dVOIN | JO %01—L uey Sso[ 01 spuey31y | uonenyIs
QUON | -mmsqns 1se10j pue puesseln) | ‘suonerodio)) QU) UT 9SBAIOUT UOTIR)SAIONY |  Ju1In))
Sprewapen JvNS BaIR pojojod
‘spue[ssei3 uo Juryouer pourejurewr Ayfenb 103em | JVYNS {dVOIN ay} ur papruniad jou s30] padj
0} 11oddns [eoruyo9) | pue jeliqey ‘paurejurel Spooy ‘suonerodiod ‘Quoz Juadelpe ay Jo 3soul pue
‘osn pue[ 9)e[n3a1 0) pue s)yInoIp 03 SOUSI[ISAI ‘S)ueuQ) | BAIR Pajodlod oY) Ul Spue[SSeId BaIR
SIQUMOPUER] )M JOBIIUOD) pue SpuB[SSeI3 [eInjeN {SIQUMOpURT | [BINJRU JOAO SUIYOURI YO0ISIATT | PJ09)0I]
sanioey uefd juowaSeuey | (eanisod pue aane3au) syoedwy sjuage urejy uondiiosap oiseq | OLIBUIDS | 10309
‘panunuoy) "G S[qeL,

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press

www.witpress.com, ISSN 1755-8336 (on-line)

&



INTERDISCIPLINARY DIAGNOSIS AND SCENARIO ANALYSIS 405

panuiuo)

s1o3ueI YIIm JOTJUOD

@INININ ‘suone[ngaI Jo Jor[ ‘uooJe[ oy
uonenIs | YT ¢siorerado | jo seare 10730 03 spuedxe WISLINO) uored
QUON JUIIND 9} JO UOTIBOYISUIU] wS1INoJ, $SOT)IATIOR JO UOTIBOYISUU] | -[ISUIU]
Qwoout 1501 M
Jo ssof ‘3umgonod ‘s1o3uer WSTINO} WOIJ QWOUT ‘WSLINO) I0] )
YIM SIOTJUOD ‘USULISYST AT $SISHN0) | SOOTAISS OU SUOTIB[NOIIO JBOq ‘IBq 2
aroysur pue 10ds usomiaq ‘s1o8ueI| puBS UO WISHINOJOI ‘UONEB[NIILD
SIOTJUOD ‘Pajo_yJe JelIqey ‘s103e10dO ¥ X § ‘Surdwred pue USULIAYSY | UOIBMIS
QUON ‘YSe1) ‘UOISOId QUNp pues |  SISHNO) [BO0] ‘sy10ds onenbe snoosurjuodg | JuaLIN)
a3emas pajuaaald saroads uare uoneloLR)ep adeospue] pue
[89130]099 ‘3uruapiel Jo uononponur ‘pasrasaid QANLNIIN | $e10ys uoo3e[ ay) Jo uoneziuegin
91e[N3I 0] SIQUMO JO] JPIM |  ISBOD pue Ieq pues ‘pajuasard ‘dAVNS | 9 jo uonjuaraxd pue s110S91 mau
1oenuoo ‘pardde sainseowr UOISOId [B)SBOD $SISNOY pue ‘VINLOAIN | JO uoreoyisuap oy Jo uone[ngax
uoneydepe a3ueyd aewrd | sqol dooy uswraysy ‘partasaid SAdl ‘{Ieq pues 9y} Jo uoneziueqin
‘parjdde A[eanoayye Ayrenb 191em pue jeIIqRY ‘sIoumopue| Y} Jo uonuaaaid ‘s110sa1 BAIR
SLAOT Pue YDO | seroads pareSuepus ‘odeospue] |  ‘suoneiodio)) 9pISLas AqIeau JO UONBOYISUQ(] | pPa1oaloid
Surtuope3 03 onp saroads uale SQIOYs uUoo3e[ pue Jeq pues
Jo uorseaur ‘uoneorydonna 9} JO uoneZIUBQIN ‘UOT)BOYIPOW m.
[eamno ¢aanssaid uorednooo VINLOAIN adeospue] ‘ea1e pajoojoid ayp m m
pue[ 0} NP USWLIAYSY JO Al OpISUT UOT}BOYISUSP JOMO] (1M Sz
Juowededsip ‘uonenis ‘sIoUMOpUR] S}110SOI MU JO UOTIBAID S}10SAI uored m. -
QUON JUQLIND A} JO uonedyIsuau] |  ‘suonerodio) |  pISEIs AQIeaU JO UONBOYISUS(] | -YISUuu[

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press

www.witpress.com, ISSN 1755-8336 (on-line)

&



406 ECOLOGICAL DIMENSIONS FOR SUSTAINABLE SOCIO ECONOMIC DEVELOPMENT

SJUQAQ QUIAIIXD
Iopun Auo paprurred uoo3e[ oy} uado A[rerognae
Ieq pues jo uruado 0 [0o0301d ‘poururiojop Suruado
st Surpooy Jo seare| paje[ngal uoogde[ oy jo Suruado dVNS| TeroygnIe jo joedwl [JUOWUOIIAUD @
Ul pOpIOAR UOTJBZIUBQIN [e10YnIe PUB PIPIOAR SPOOY SVINLOAIN ‘paproae urerd pooy pue req BIIE W
‘paridde STAOT/IDO|  {poIuaadid st UOISOID [BISBOD) SNar pues 2y} ur uonezrueqi) | pa1odjoid | &
(2]
Pa3oa)Je A[oIoAds Suruonouny sweans pue uoogey jo urerd pooy Wnun
[eINjeU {SPOOJ PIOAE 0) PUE SUOZ [8)SEOD UI UOT)RZIUBGIN ]
juanbaiy a10our uooSe[ oy jo JO 9SBAIOUT {SJUIAD QWIATIXS ISUIUL 8
sSuruado [eroynIe ‘uonen)Is pue 1uanbaiy 0) anp AjIsusyur uorned m
QUON JUSIIND Y} JO UOLIBOYISUIU] | VINLOAIN “MAIL SPOOJJ pPUE UOISOId [BISE0))| -LISuaju[ W.
surefdpooy aseaIour =
Ul UOT)BZIUBQIN 0} 9NP ISUUL Spooyp ‘swIo}s SuLInp IS LIS
Q10w SPOOY ‘UONRZIUBgIN pue uoneidroaid ‘spurm [eIseod| uomenis
QUON areudoxddeur £q uorsorq | VINLOAIN Al JO SJUOAQ QWAIIX? JO SBAIOU[| JUALIND)
Suroueuy-Jes ‘[euuosiod 9ouarradxa 10)1SIA s10yerado pue SIQJJO WSLINO} AY)
BaIR pajodtoid arow S19 Jo Juawasoxdwr ‘Juroueuy JO UOTIBOYISIOAIP 99 9OURIIUD
-jowoid 310} pue sopins | vaIe pa)o9joid 0} UOHINQLIIUOD SI93UeRI | ¢SISLINO) SATOAI 0} SANI[IOB] 19)Jaq
QInjeu 10j JuruTeI) {SIQ)OU ‘sqol [eo0] Jo Joquunu oy ur | $s103e13dO SIST | {POULIOJUI SISLINO) pauTeI) SapIS
-01d wst1Ino} 10§ s000301d | 9sBAIOUT {padNpPaI AJISISAIPOI] -IN0) [8O0] aInjeu pue siojeiado JSLNO)
UOTIR)ISIA ‘SUTUOZ WISLINO) )M QOUQIOJIOIUI ‘s1o3uel CAININIA | parronuod Aroeded peof senian BaIR
‘pare[n3a1 peoy I0JISIA M SIOTJUOD JO UOTIONPIY ‘AVNS 2MAI -O® WISLIN0J0J3 JO UONR[NSAY | P109oid
sanroey ued juswadeue]y | (eantsod pue aane3au) syoeduwy sjuage urejy uondLosap o1seqg | OLIBUADG | 1009
panunuoy) "G 9lqeL,

WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press

www.witpress.com, ISSN 1755-8336 (on-line)

&



INTERDISCIPLINARY DIAGNOSIS AND SCENARIO ANALYSIS 407

Currently, national and municipal agencies act as promoters of traditional
urbanization and tourism, for which environmental issues are seldom considered,
a situation that increases the probability of conflict. However, conditions for a
favorable implementation of the LR protected area also exist. Firstly, the outstand-
ing landscape, biodiversity values, and ecosystem services offered by LR and its
catchment area are beyond question, being one of the priority areas for biodiver-
sity conservation in Uruguay [43]. There exists a consensus about the need to
effectively implement the LR-protected area into the National System of Protected
Areas. The empowered citizenry is also promoting the protected area implementa-
tion, and is a significant and permanent local force. The local citizenry promoted
the dialog among all actors, contributing to discussions of complex issues (e.g.
fisheries regulation) and assuaging distrust about the implications of a protected
area.

Despite the affinity of the social actors toward the protected area, the high num-
ber and diversity of interests may become problematic if certain requirements are
not met. Communication and participation conditions should be carefully under-
taken, otherwise conflicts of interest may arise. Social actors include landowners
and fishermen who will face restrictions to their productive activities. Therefore, a
participative space for dialogue is a basic requisite.

One of the most critical issues for the implementation of a protected area is its
management plan, a conceptual and dynamic legal document that establishes the
developing guidelines for the area and promotes the participation of social actors.
However, in LR the management plan will not regulate most activities in the adja-
cent zone or in the catchment area where other national legislation can be applied
(e.g. poaching, forest clear cutting, vehicle traffic in sand dunes). The dispersion
of this legislation in a diversity of governmental institutions makes its control inef-
fective, suggesting the need for additional coordination mechanisms.

Protected areas meet diverse objectives, including environmental education. LR
is an important tourist and recreational zone at a regional level. We found that
almost half of the population in the catchment area has never visited the lagoon.
Since mass media are an important source of information for local people, it seems
evident that a communication strategy should be carefully designed in the man-
agement plan.

The management of protected areas where most land is private indicates that
responsibilities should be shared. Actions toward co-management should there-
fore be taken [44]. Co-management is not a common present practice in Uruguay
and a long process will likely be necessary before it can be established in LR.
According to Natera [46], governmental institutions should adapt their function-
ing, but private owners and citizenry will also need to develop new skills to reach
a better governance scenario. Co-management will have to face the challenge of
the local intensification of land use, which promotes the generation of high income
in a short term, then prevailing over social interests.

This chapter showed the various challenges of the management of a protected
area in a country with a historical delay in this matter. Our team faced the internal
challenge of conducting an interdisciplinary analysis with diverse disciplines and
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people working together. The different rationale, methodologies, and theories not
only enriched the analysis but also introduced complexity which was derived in
occasional divergence. The GIS was a key issue for crossing the information from
the different disciplines. When the diverse information was digitally recorded in
space, the discussion became more fluid because variables could be interrelated
and better visualized. Moreover, several results only emerged after the information
was overlapped. The map of social actors was also a powerful tool to summarize
information, communicate findings, and facilitate recommendations. Working in
interdisciplinary teams is an opportunity to change the levels of reflection although
several issues remain to be addressed. An issue that generated disagreement within
the interdisciplinary team was the economic analysis, because an open epistemo-
logical discussion exists on the implications of the concept of economic price.
Consistent valuation methods of indirect uses are still imperfect, resulting in
underestimations of the ecosystem services.

As a whole, this environmental analysis gave insight into information and method-
ological gaps needed to analyze tensions among land uses in a relevant coastal pro-
tected area facing a scenario of economic development. The lesson learned was that
personal attitudes are relevant for group work and when researchers are concerned
with a central task, paradigms or methodological gaps need not limit the discussion,
so0 a consistent academic product can be achieved and new question opened.
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