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ABSTRACT 

The main objective of this work is to evaluate the natural capital and ecosystem services of the Peri Lake System and 

the role of the Neotropical otter (Lontra longicaudis) as a flag species to change adverse realities, based on system 

ecology and emergy synthesis. First, a system diagram is constructed to organize the thinking and the relationships 

between components and pathways of exchange and resource flow. It is an overview of the system, combining 

different sources of information and organizing the efforts. The second step is to construct the emergy synthesis tables 

of flows directly from the diagrams. It accounts the annual flows of material, energy, and information that support the 

system, such as materials, energy, and information. Finally, emergy indices are calculated in order to summarize and 

relate emergy flows of the economy with those of the environment. Quantities of stored emergy of environmental 

resources are calculated from the sum of the emergy of all inputs and then multiply them by the time it takes to 

accumulate the storage. To calculate the emergy of economic storages, all inputs of energy, materials, and labor to 

produce them will be summed. The objective is to be able to predict the economic and environmental viability. For 

the evaluation of renewable inputs to the Peri Lake, solar energy, rainfall, runoff, and wind annual averages will be 

used. Transformities and specific emergies are calculated for biodiversity and endangered species. They are calculated 

by first quantifying all the emergy used in making the product or service and dividing by the energy of the product or 

service. The units can be in sej/J if the product is divided by the energy or sej/g if the emergy of the product is divided 

by the mass. Emdollar is a measure of the money circulating in the economy as a result of the emergy flow. The 

emdollar is obtained by dividing the total emergy driving the economy by the economy's Gross Domestic Product 

(GDP). Main services with market values provided by the Peri Lake are research, water supply, and fish harvest. The 

main economic activities are related to water supply, fishing, and tourism. 
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1. INTRODUCTION 

Environmental government agencies are being questioned regarding the costs and benefits of their annual monetary 

budgets to maintain conservation areas as the Peri Lake Municipal Park, Santa Catarina Island, Santa Catarina State, 

Brazil. While goods and services that support visitation are relatively easy to account, other less tangible 

environmental services, such as medicinal products, climate control, and biodiversity, can be quite difficult to be 

valued (Campbell and Brown, 2012). Social benefits from these environmental services and the natural capital from 

which they flow are often not evaluated. 

 

In this work, the methods of systems ecology (Odum, 1983) and emergy synthesis (Odum, 1996) are applied to 

evaluate the natural capital, the role of the Neotropical otter, and the Neotropical Otter Project in the Peri Lake 

Municipal Park. Emergy synthesis aims to evaluate natural capital and environmental services, including economic 

costs and benefits, and societal and environmental non-market assets and values. Emergy represents the available 

energy required to make a product or service, and its unit is the emjoule. It also measures the work to produce goods 

and services, expressed in emdollars (Odum, 1976). It can be used to evaluate ecosystem processes related to 

geological, hydrologic, ecological and economic components. Major inputs from the human economy and from the 

environment can be integrated applying emergy methods to approach public policy and environmental management 

(Campbell and Brown, 2012). 

 

Each kind of energy has a different quality or different transformity. Using emergy, flows of different energies, 

materials and services can be compared, summed or subtracted. For example, losses due to impacts and relative rates 

of use and exploitation can be assessed in a more realistic way (Campbell and Brown, 2012). Therefore, methods of 

emergy synthesis represent a quantitative decision-making tool. As an example, the Municipal Park of Peri Lake is 

facing a great challenge that is to define a new conservation category, based on the National System of Conservation 

Areas (SNUC). Since the Park was created, in 1981, conflicts have grown, related to the right to property, fisheries, 

tourism, exploitation of water for private and public use, and the conservation of fauna and flora.  
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All parties involved with the Peri Lake Ecosystem are concerned with finding solutions to the many social, economic, 

and environmental issues associated with its management.  Critical habitat and endangered species, quality, and 

quantity of water resources, aesthetic values, tourism and economic use, are some issues recognized by agencies, 

NGOs, and the general public. Therefore, in order to be fair and realistic, management decisions should include not 

just the economic, but also the environmental system, in order to evaluate the environmental consequences of 

management decisions based on conflicting social values. Conservation of the Neotropical otter, for example, only 

recently became part of the interest of different stakeholders, as scientists, schools, local community and tourists. 

 

Emergy analysis can establish values for endangered species, on a common baseline, based on the energy required to 

make them. It is important to point out that the associated emdollar values are external to the economic system and, 

thus, should not be used within a monetary value system (Brown and Campbell, 2007). The emdollars are a measure 

of the money that circulates in an economy as a result of a flow of emergy (Odum, 1996). It is calculated by first 

determining the emergy of the flow and then converting to emdollars using a standard conversion factor (Odum and 

Odum, 2000). 

 

This work intends to perform a global analysis of the Peri Lake System in order to evaluate and describe its main 

processes, services, and compartments. It also does an analysis of the role and importance of the Otter Project within 

the study area through the participation of ecovolunteers, and the importance of the presence of the Neotropical otter 

as a top carnivore. 

 

1.1. The Study Area 

The Peri Lake and its fauna and flora is a result of million years of adaptation of physical, chemical and biological 

processes. Therefore, species that live there, represent the information network carried in the DNA, responsible for 

the maintenance and future of the ecosystem. The watershed and the coastal plain that surrounds the lake are covered 

by the Atlantic Forest, an important Brazilian biome, rich in biodiversity. Together with the aquatic macrophytes, they 

are responsible for capturing the solar energy and making it available for the rest of the trophic chain. 

 

 
Figure 1. Location of the study area. Peri Lake is located at at 27°42’S and 48°30’W, in the southeast of Santa 

Catarina Island, South Brazil. 

 

The study area is located at 27°42’S and 48°30’W, in the southeast of Santa Catarina Island, South Brazil (Figure 1). 

The Peri Lake has approximately 5 km2 of water surface, maintained mainly by precipitation. Depth average is 7 
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meters with a maximum of 11 meters. It has a contact with the Atlantic Ocean through a narrow 4 km long channel, 

parallel to the coast, but it is not affected by tides.  This channel represents a vital ecological corridor for the 

Neotropical otter local population as the individuals use it to reach the ocean and, at least, two other important areas, 

Lagoinha do Leste Beach and Naufragados Beach (Carvalho Junior, 2007). 

 

The local weather can be considered as mild, with a total annual precipitation of 128,5 mm, a minimum of 78 mm in 

June and a maximum of 189 mm in February. Monthly average temperature is 20,68oC, a minimum of 17,1oC in July, 

and a 24,2oC maximum during February. The water temperature ranges from 15oC in June to 30oC during January 

(Laudares-Silva, 1999). Average annual insolation is 5.068,435 kWh/m2/day. The average water discharge of the 

system is 433,78 l/s, or 0,43 m3/s (IPUF, 2010). 

 

The crystalline complex that borders the Peri Lake is waterproof material that promotes rapid drainage of water into 

the lagoon. As a consequence, the geomorphological compartments present in the area are represented by a rocky 

shore, restinga, and small wetlands, influenced by creeks and streams. On the west side of the basin, the streams have 

a strong longitudinal profile in fairly steep slopes. This slope results in occurrences of several waterfalls and rapids. 

In lower areas, where the waters run through the plains, they form meanders and the small wetlands. 

 

The streams in the watershed depend on rainfall. The majority are considered intermittent, disappearing in the absence 

of rains. However, regular rainfall distributed throughout the year, guarantee the supply of these sources. These 

watercourses have two maximums, spring, and late summer, and two minima in early summer and fall. The drainage 

system of the lake occupies an area of 20 km². This area is equivalent to 4,66% of the territory of the Santa Catarina 

Island, representing one of the most important ecological features in the south of the Island. 

 

Ecosystems covered by Atlantic Forest, such as the Peri Lake, are known by the high biodiversity.    The area is home 

to numerous species, however, the richness has not been reliably quantified. We can find in the Peri Lake 19 species 

of amphibians (Assis, 2012), 7 species of phytoplankton (Figueiredo and Giani, 2009), 18 species of zooplankton 

(Nemar, 1999), 17 species of butterflies (Silva, 2008), 244 species of birds, 7 species of fish (Carvalho Junior, 1990), 

3 species of crustacean (Nemar, 1999), and 13 species of mammals (Graipel et al, 2006; Carvalho Junior, 2007).  

 

1.1.1. Plants  
The surrounding of the lagoon consists mainly of Atlantic Forest of different successional stages. The vegetation 

mosaic consists of sandbank vegetation, shrub vegetation, and aquatic macrophytes in the water body. This high 

diversity is a consequence of the presence of different geomorphological compartments present in the area. Among 

the different types of plant communities, it is observed that in the vertical organization, the Atlantic rain forest has a 

marked stratification. On the other hand, the vegetation of restinga and shrub presents itself dominated by woody 

shrubs and branched from the ground. In the case of herbaceous populations, these are dominated by aquatic 

macrophytes. 

 

Herbaceous and shrub vegetation respond to 13 Km2 of the total. The primary vegetation on the slopes occupies 57 

km2 while that present in the restinga covers an area of 0,3 km2. The secondary vegetation in regeneration process 

amounts to 9,4 km2. The reforestation area is 0,5 km2, located in the restinga field. It is represented by species of pine 

and eucalyptus (Carvalho Junior, 1990; Cardoso et al, 2008). 

 

The Atlantic Forest occupies the areas of greatest slope, flooded area and part of the restinga. Of the total catchment 

area, 8,06 square kilometers (40%) represent the hillside region, where the predominant species are made up of Ocotea 

catharinensis, Sloanea guianensis, Euterpe edulis and Schizolobium parahyba.  These species present dominant 

heights and broad canopies, forming top cover quite dense. Under this cover, there is a very shaded and moist 

environment where tolerant species and dependent on the top cover can survive. 

 

There is not a complete and organized inventory of vegetable species in the Municipal Park of Peri Lake. What is 

known up to the present is that the number of main species is 29, being 18 terrestrial, 4 aquatic macrophytes, and 7 

phytoplankton. The majority does not have the status assessed and only one, Ocotea catharinensis, is considered 

vulnerable. 

 

The vegetation of restinga corresponds to 0,35 square kilometers, extending in a strip 250 meters wide on average 

from the beach. The dominant species is the Guappira opposita (Maria-mole) representing 50-70% of the local 

vegetation formation. Other species found are Eugenia catharina, Eugenia umbellifora, Camponesia littoralis, and 
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Gomidesia palustris. The edge of the shrub vegetation that delimits the fixed and mobile dunes consists of Cactaceae, 

Opuntia vulgaris, Vitex megapotamica, Epidendrum ellipticum, and Grassy stenotaphum. In the sandbank area is 

common  to find Ficus organensis, Tabebuia umbellata, Myrcia dichrophylla, Myrcia multiflora, Genoma  schottiana 

and Bactris lindmaniana (Bresolin, 1979). 

 

1.1.2. Fish  
The Municipal Park of Peri Lake is a home to 7 species of fish. Estuarine and freshwater fish families can be found 

such as Mugil platanus (Günther, 1880), Centropomus parallelus (Poey, 1860), Eucinostomus melanopterus (Bleeker, 

1863), Geophagus brasiliensis (Quoy and Gaimard, 1824), Tilapia rendalli (Boulenger, 1897), Gymnogeophagus 

rhabdotus (Hensel, 1870) and Hoplias malabaricus (Bloch, 1794) (Carvalho-Junior, 1990; Ribeiro and Marcon, 1999; 

Mafra et al., 2003; Zank et al., 2010). Geophagus brasiliensis, Gymnogeophagus rhabdotus and Tilapia rendalli are 

distributed along the margins of the lake, among aquatic macrophites, as well as Typha domingensis, Fuirena robusta, 

Helio ccocharis geniculata and Nymphoides indica (Carvalho-Junior, 1990). 

 

Cichlids like Geophagus brasiliensis, Gymnogeophagus rhabdotus and Tilapia rendalli are easily found among this 

vegetation, close to the margin. Moreover, Mugil platanus and Centropomus parallelus are more often in open waters 

of the lake, in constant movement, forming small schools or swimming alone. Hoplias malabaricus is found in small 

numbers near the shore or in the lower part of the streamlets. A common crustacean in the Peri Lake is the freshwater 

lobsters Macrobrachium carcinus (Linnaeus, 1758) and M. olfersii (Wiegmann, 1836) (Ribeiro and Marcon, 1999). 

As cichlids, freshwater lobsters are also commonly seen close to the shore. 

 

Smaller individuals are important as a food source for aquatic birds and larger fishes. Species as Geophagus 

brasiliensis, Tilapia rendalli, Centropomus parallelus, and Hoplias malabaricus, are important for recreational 

fishing. None of the listed fishes are listed as threatened, but some have not yet been assessed for the IUCN Red List. 

 

1.1.3. Mammals  

Thirteen species of mammals are present at the Peri Lake System, three marsupials (Didelphimorphia, Didelphidae), 

seven rodents (Rodentia, Muridae), two Mustelidae (Eira barbara and Lontra longicaudis) and one Canidae 

(Cerdocyon thous) (Graipel et al., 2006; Carvalho-Junior, 2007). This number of species is lower than other studies 

on Atlantic Forest biomes (Graipel et al, 2006). It probably reflects the lack of research in the area and might be 

underestimated. 

 

Patterns of mammal distribution can be affected by scale size, island size, and isolation (Lomolino et al., 1989). 

Because of its situation, located on an island, Peri Lake exhibit a relative geological isolation, varying altitudes because 

of the surrounding hills, and proximity to the sea which results in a local climate, vegetable and animal variability. 

Communities in the area are conditioned by special factors such as rainfall, water level variability, humidity, solar 

insolation and productivity. 

 

In the last decades, habitat fragmentation caused by urbanization has become one of the major negative impacts on 

mammals of Santa Catarina Island, as they normally require a large home range area. The increase in fragmentation 

makes them more vulnerable when they are moving from one area to another as they become expose to many threats 

like poisons, cars, and feral dogs, or getting lost and die of starvation. 

 

Most of the mammal species are listed as Least Concern (LC) on the IUCN Red List. According to the same list, 

Neotropical otter is considered as Near Threatened (NT), but it is included in Appendix I at CITES, as a species 

threatened with extinction. Cerdocyon thous and Eira barbara are in Appendix II and III, respectively. Anyway, the 

majority of the species listed as LC by the IUCN exhibit a negative trend in the population. 

 

1.1.4. The Neotropical otter 

The Neotropical otter plays a singular role in this process which has its origin from the Mesozoic (251-65,5 million 

years), linked to a fossil of a semi-aquatic mammal called Castorocauda lutrasimilis which lived 164 million years 

ago (Hecht, 2006). Lontra longicaudis is a semi-aquatic carnivorous mammal that belongs to the Mustelidae Family 

and Lutrinae Subfamily (Wilson and Reeder, 2005). The species is considered Near Threatened by the International 

Union for Conservation of Nature (IUCN) and Critically Endangered by the Convention on International Trade in 

Endangered Species of Wild Fauna e Flora (CITES). 
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Neotropical otter can be found in Central and South America, from Mexico south to Uruguay and up to 3.000 m 

elevation (Emmons, 1997). In South America, the species is registered for Argentina, Belize, Brazil, Colombia, Costa 

Rica, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay, and 

Venezuela (Wilson and Reeder, 2005). The distribution of the species comprises an area of about 11.257.192 Km2 

(IUCN, 2015). 

 

In Santa Catarina State, Lontra longicaudis can be found from the highlands (to 1200 m) to the coast, forests, rivers, 

lakes and coastal islands (Quadros and Monteiro-Filho, 2001; Alarcon and Simões-Lopes, 2004; Carvalho-Junior et 

al., 2010). In the Peri Lake, the Neotropical otter has been studied since 1986. The local population represents a 

subpopulation that range in numbers from 5 to 11 individuals (Carvalho Junior, 2007). 

 

The species is organized as a metapopulation, small subpopulations separated by geographic barriers, but that maintain 

contact between themselves. The individuals need to migrate from one place to another in order to guarantee the 

genetic flow and keep a viable and healthy population. This affects particularly the home range or the species viable 

area for survival. Studies about the distribution and characteristics of environments used by the Neotropical otter in 

the coastal region of Santa Catarina State, Brazil (Carvalho Junior et al, 2004, Carvalho Junior, 2007; Carvalho Junior 

et al, 2010) reveal that this area can be estimated as 610 Km2 (Figure 2). 

 

 
Figure 2. Estimated Neotropical otter home range in the Peri Lagoon. The area is approximately 80 Km long and 

60 Km width. Numbers are for solar radiation in a 10x10 km2 grid, and unit is kWh/m2/day. 

 

In the Peri Lake, the otter shelters are formed by Guabiruba intrusive granite, a common rocky formation along the 

Brazilian south coast, the substrate for the Atlantic Forest. This formation results in semi-closed environments, with 

the outside covered by typical Atlantic Forest vegetation. Roots and humus fill the gaps between rocks. There are 7 

shelters at the Peri Lake, important as support for the local otter's population for socializing, resting and hunting for 

food (Figure 4). 
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Figure 3. Location of the Neotropical otter's shelters in the Peri Lake. Small pictures show the entrance and interior 

of the caves. 

 

The caves have emerged and submerged entrances, areas of different sizes, and natural galleries that connect these 

spaces. These entries provide access to a large living room where a person can comfortable stand and walk. There are 

extensive natural galleries that connect the various rooms, some with up to 50 meters long. The overlapping stones 

result in crevices where tree roots penetrate. 

 
Otter's diet in the area consists of fish, crustacean, birds and small mammals. It represents a top carnivore, situated at 

the top of the trophic chain. It feeds on other organisms but is not fed upon itself. Neotropical otter is an active predator 

that kills its food directly. Sometimes the species might eat a freshly dead fish caught in a net. Body length can range 

from 0.8 to 1.9 m and weight up to 15 kg. The species has developed some unique adaptations such as an interdigital 

membrane, sharp claws, speed combined with agility and flexibility, extraordinary strength, sharp teeth, and a terrific 

vision adapted to work under and out of the water (Carvalho Junior, 2007). It is responsible for top-down control on 

the trophic level, causing deep effects on the ecosystem. 

 

In fact, the removal of a top predator from the ecosystem can cause profound, unexpected, and negative impacts. For 

example, at the Peri Lake, the Neotropical otter is responsible for the control of the Geophagus brasiliensis and Tilapia 

rendalli populations, being the last an exotic species (Carvalho-Junior, 2007; Carvalho-Junior et al, 2010). Tilapia 

was introduced in the lake in the 60's, but, unlike the expected, its population size is in balance with Geophagus. It is 

believed that the Neotropical otter is responsible for keeping this balance as it main preys are Geophagus and Tilapia. 

It is also known that the Lontra longicaudis is a host for parasites such as the Amblyomma ovale, that can cause severe 

problems to humans if it is not naturally controlled by the environment (Andrade et al, 2015). Population and parasite 

control are an example of some ecological services provided by Neotropical otter within the system. 

 

As any other carnivore, the Neotropical otter requires energy and nutrients to survive and, therefore, it depends on the 

biomass that is regulated from the bottom-up, by abiotic factors such as sunlight, the wind, rain, and nutrients. The 

top-down control exerted by Neotropical otter impacts on the abundance of organisms at lower trophic levels. For 

example, the removal of the species from the Peri Lake can result in an increase of abundance of the exotic prey 

Tilapia rendalli, becoming a pest and affecting the survival of the local species as the Geophagus brasiliensis. 

Among fish populations in Peri Lake, Lontra longicaudis preys mainly on Cichlidae (79,6%) (Carvalho et al, 2010). 

Cichlidae is the most abundant family with 51.7% of the total number of fish caught (Ribeiro and Marcon, 1999). 

Crustaceans represent the second most important item in otter's food item proportion. 

 

In Peri Lake, the genus Macrobrachium is represented by the species M. olfersii and M. carcinus, often in the margins 

of the lake, near rocks or macrophytes (Carvalho et al, 2010). Birds represent a minor item in the otter’s diet, with 2% 

item proportion. The most common feather found in the otter faeces is the one from Phalacrocoracidae family, 

Phalacrocorax brasilianus (Gmelin, 1789) (Neotropic cormorant). Another bird found in otter feces is the Jacana 
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jacana (Linnaeus, 1766) (Wattled jacana).  Mammal hairs from Rodentia can also be seen in the feces (Carvalho 

Junior, 1990, Quadros and Monteiro-Filho, 2001; Alarcon and Simões-Lopes, 2004; Carvalho Junior et al, 2010). 

Therefore, the Neotropical otter's diet composition shows that it feeds mainly on omnivores species (~80%) that are 

close to the base of the trophic chain. In a lower proportion, it also feeds on other carnivores fishes and birds migratory 

species (Carvalho et al, 2007). 

 

According to Odum (1976), energy increases quality as it passes through the system. The position of the Neotropical 

otter, as a top carnivore at the end of the trophic chain indicates that the species has a high value and high-quality 

energy. To a system to be able to maintain its steady state in a way that it can be sustainable, diversity must adapt and 

a number of species can be limited. The fact that the Lontra longicaudis is organized in a metapopulation way it 

reveals a strategy of sustainability. It is very expensive for a system to keep a top carnivore as the Neotropical otter, 

therefore small populations occupying different ecosystems can be a solution to survival, sharing the natural resources 

from different areas. High diversity has a high cost because energy transportation as information is expensive. 

Therefore, if a species become extinct it cannot be immediately replaced. 

 

Neotropical otter represents also a charismatic species and a flagship for environmental education and social 

mobilization for the conservation of biodiversity. For example, the Otter Project from the Ekko Brazil Institute, based 

in Santa Catarina Island and Pantanal, Brazil, has mobilized thousands of ecovolunteers, students, and visitors from 

all countries to participate in the research and social actions planned through the Project. 

 

In 2014, this participation resulted in 7.870 hours from ecovolunteer work. From 2013 to 2015 it represented an 

income of US$65.326,00 to the Project, used to keep and recover orphans and injured otters, to promote research, and 

social mobilization projects (IeB, 2015). This represents a new service provided by the species, together with an 

innovative strategy of self-sustainability. The Ecovolunteer Program of the Ekko Brasil Institute, associated with the 

Otter Project Research and social mobilization actions resulted in the definition of a new tourism category that is the 

Conservation Tourism (Carvalho Junior et al, 2014). 

 

For a particular activity or project to be considered as a Conservation Tourism, it must necessarily include a research 

project integrated to conservation and social mobilization activities, with the participation of ecovolunteers. Thus, the 

knowledge produced is used for the modification of an adverse reality, with the active involvement of researchers 

through institutional and technical support (Carvalho Junior et al, 2014). Such an approach is not entirely new and is 

part of the principle of research-action as a research strategy (Coughlan et al., 2012). Therefore, the information, 

image, and social benefits exported from the system through a Project serve to illustrate the services provided and 

high value of the species Lontra longicaudis. 

 
The main goal of this work is to show how the energetic processes are organized in the study area and discuss the 

adaptation, services, and value of the ecosystem components, especially the role of the Neotropical otter. The values 

defined in this work are based on a donor system point of view, that is based on the production cost of goods and 

services (Odum, 1996) and not from the receiver, in which the value is defined based on the market economy, based 

on human willingness to pay for a product.  Learning these processes of energy can be important to the establishment 

of more reliable plans of conservation and sustainability. 

 

2. METHODS 

In the present work, the emergy of a Neotropical otter represents the necessary evolution emergy of the species. It 

includes the natural selection process transmitted trough the genetic information. This emergy is the potential 

environmental work that would be lost if the species go extinct. In order to estimate the emergy, the average turnover 

time of species (Weir, 2007) is defined as 3 million years and a total number of 10 million species is used (Campbell 

and Brown, 2012). At the Lagoa do Peri only the Neotropical otter is considered endangered. 

 

As the species is organized in a metapopulation form, the home range taken into account is 610 Km2 based on 

Carvalho-Junior (2007) and Carvalho-Junior et al. (2012). This viable population home range area comprises 

0,005423% of the total distribution area of the species (IUCN, 2015). The emergy of the species is multiplied by these 

values to obtain an estimate of the emergy embodied in the Neotropical otter inhabiting the Peri Lake System (PLS) 

according to the equation below (Campbell and Brown, 2012). 

 
Endangered Neotropical otter = #of species * % of total pop in PLS * emergy required to develop species 
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To place the value of the Neotropical otter in perspective, emergy synthesis of the main storages and ecological 

processes in the Municipal Park of Peri Lake are calculated. In addition, flows of purchased inputs, labor, visitors and 

ecovolunteer participation at the Otter Project of the Ekko Brasil Institute were also evaluated. This includes the flows 

of renewable and nonrenewable inputs, purchased inputs and exports from the system. 

 

First, a system diagram was constructed to organize the thinking and relationships between components and pathways 

of exchange and resource flow. It is an overview of the system, combining different sources of information and 

organizing the efforts. The second step was to construct the emergy synthesis tables of flows directly from the 

diagrams. It accounts the annual flows of material, energy, and information that support the system, such as materials, 

energy, and information. 

 

Finally, emergy indices are calculated in order to summarize and relate emergy flows of the economy with those of 

the environment. Quantities of stored emergy of environmental resources are calculated from the sum of the emergy 

of all inputs and then multiply them by the time it takes to accumulate the storage. The required time is estimated from 

the literature. To calculate the emergy of economic storages, all inputs of energy, materials, and labor to produce them 

were summed. The objective is to be able to predict the economic and environmental viability. 

 

For the evaluation of renewable inputs to the Peri Lake System, solar energy, rain geopotential and chemical, runoff, 

and wind kinetic annual averages were used. For economic inputs and outputs, the most recent data available from the 

Instituto Ekko Brasil sources were applied.  These were the sponsor, ecovolunteer, fuel, electricity, food for otters in 

captivity, visitor, otter shop, and labor. Data from several recent years were used, but the dominate annual flows were 

for the years 2014 and 2015. 

 

Transformities and specific emergies are calculated for biodiversity and endangered species. They are calculated by 

first quantifying all the emergy used in making the product or service and dividing by the energy of the product or 

service. The units can be in sej/J if the product is divided by the energy or sej/g if the emergy of the product is divided 

by the mass. Emdollar is a measure of the money circulating in the economy as a result of the emergy flow. The 

emdollar is obtained by dividing the total emergy driving the economy by the economy's Gross Domestic Product 

(GDP). 

 

The Peri Lake System services are based on the emergy evaluation, expressed as emergy, and converted to emdollars 

in order to compare with economic values. Economic values such as water and electricity were obtained directly from 

the related companies. Fish harvest, recreation and information produced were obtained from the Ekko Brasil Institute 

Data Set. 

 

3. RESULTS 

The results of this analysis for the Neotropical otter and the Peri Lake System include the emergy synthesis of the 

natural capital and main ecological processes. Figures 4 and 5 represent the systems diagram for Neotropical otter and 

Peri Lake System. Components for Neotropical otter include primary producer, primary consumer, herbivore, 

omnivore, carnivore, and the Lontra longicaudis as a top carnivore (Figure 4). Components for Peri Lake System are 

organized as renewable resources, imported/purchased inputs, economic payments received, exports, and economic 

payments made (Figure 5). 
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Figure 4. Trophic transfers and trophic position of the Neotropical otter in the Peri Lake System. (TT=Turnover 

Time). 

 

Neotropical otters, orphans in a process of recuperation, kept in captivity at the Otter Project in the Peri Lake, reach 

sexual maturity around 3.5 years old, which is in agreement with the turnover time estimated of 4 years for the local 

subpopulation. As a result of threats and the relative long turnover time the Neotropical otter is considered severally 

endangered in the region (Carvalho Junior, 2007). 
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Figure 5. Energy-flow model for Peri Lake System, showing main driving energies, components, pathways of 

energy, material and information flows, and exports, taking into consideration the Neotropical otter and the Otter 

Project. (B=biodiversity; F=fish; NO=neotropical otter; NO Killed=neotropical otter killed, NO 

Leaving=neotropical otter leaving; A=assets; P= people; T= tourists). 

 

The assets in Figure 5 represent the productive work for the local community, tourists and the Otter Project at the 

Lagoa do Peri. The assets for the Otter Project includes the research and laboratory building, the visitation center, the 

otter shop, the otter buildings (Animal Refugee-Scientific Breeding and Conservation), the social mobilization nucleus 

building, office and research equipment, the otter hostel (ecovolunteers and researchers accommodation), cars, 

knowledge, and the Ecovolunteer Program. The flow of money is a countercurrent (dashed line) to the flow of work 

as it is exchanged for goods and services, representing the flow of energy that it releases. The sources of energy that 

put the money circulating are the sponsor, the ecovolunteers, and the labor. 

 

Table 1 exhibits the emergy evaluation for the Peri Lake Ecosystem as it is exhibited in Figure 5. The flows of energy, 

material, and money that cross the Peri Lake system are listed as line items. Each item is multiplied by its Emergy 

Intensity (EI) to convert all flows into emergy. In the last column, emergy flows are converted to emdollars. The Table 

is divided into five major categories: Renewable Resources, Imports/Purchased Inputs, Economic Payments Received, 

Exports, and Economic Payments made by the Institution to outside parties. 

 

Renewable resources are annual inflows that result from overall global processes such as sunlight, rain, runoff, and 

wind. These annual inflows are responsible for driving the global and economic processes within the system and, at 

the same time, for maintaining the environmental integrity of it. 

 

Imported resources are fuel, ecovolunteer, labor, electricity, and food for otters.  These represent purchased energy, 

material, labor, and the inflow of ecovolunteers. Economic payments received are the flows of money received from 

visitors, ecovolunteers, and sponsors. Export is basically information produced and exported from the research 
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developed by the Ekko Brasil Institute trough the Otter Project at the Peri Lake System. Finally, economic payments 

made represent monetary payments made by the Ekko Brasil Institute within the system to outside parties that include 

labor, services, and government taxes. 

 

Table 1. Annual emergy flows supporting the Peri Lake System. 

 
 
As can be seen from Figure 6, renewable sources are dominated by solar radiation (em$33,7 million),  and rain chemical 

and geopotential, 1,2 and 1,0 billion emdollars, respectively.  These are followed by runoff (em$964,3 thousand), and 

the wind (em$13,3 thousand). Solar radiation is accounted for 91% of the total renewable sources imported to the 

system, followed by rain (chemical and geopotential) (3%) and runoff (3%). The wind accounts for less than 1% of 

the total. 
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Figure 6. Renewable resources expressed as EmDollars. 

 

The most significative nonrenewable sources are the inflow from ecovolunteer and labor, dominated by the influx of 

ecovolunteers with em$66.114,18 and em$25.643,65 to the labor. Most of ecovolunteers and labors represent individuals 

with university degrees and/or high experience in their expertise. In the case of an NGO, the dedicated hours of work 

are maximized due to the willing and motivation of participating in a cause. 

 

From payments received and made, it is possible to observe that there is a great dominance of the financial inflow 

from the sponsors, with an annual average of em$312.000,00 (Figure 7). This influence is reflected in the total amounts 

received and paid. The total inflow from ecovolunteers and sponsors account to em$349.902,00 while the economic 

payments made are em$201.975,00. 

 
Figure 7. Payments made, payments received, and information (research) exported from the Otter Project. 

 

From the payments made, the highest one is for labors with em$111 thousand, followed by services 

(em$64.364,00) and government (em$26.340,47). Payment for labor represents a major expense to the Otter 

Project representing 16% of the total, followed by payment for services (9%) and payment for the 

government (4%). 

 
The main incomes are from the Ecovolunteer Program and sponsors.  While payment from ecovolunteers represents 

11%, payment from sponsors responds to 89% of the total. The Otter Shop is less than 1% of the total received. On 

the other hand, the exported information, that represents scientific papers, books, technical reports and data set 

generated by the Project in the study area,  responds to em$1,42 thousand, the highest feedback value to the sponsor's 

payment. 

 

The assets of the Peri Lake System are organized in environmental (natural capital) and economic assets. Table 2 

summarizes the emdollar values for the assets related to the Peri Lake system and the Otter Project. In addition to the 

largest value of neotropical otter (em$6,6 trillion), biodiversity (em$3,5 million), shrub and herb biomass were valued 
em$141 thousand, while the tree biomass at em$57,16 thousand.  These were followed by soil organic matter with 
em$2,72 thousand, land area with em$6,2 and surface water with em$1,6. In all, environmental assets respond to about 
em$3,7 million. 
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Table 2. Emergy in natural and economic capital of Peri Lake system. 

Notea Item Units Quantity Emergy intensities 

(seJ/unit) 
Solar 

emergy 
EmDollars (Em$/yr) 

Environmental assets 

1 Tree Biomass J 5,37E+17 3,62E+04 1,94E+22 5.715.921.441,18 

2 Shrub/Herb Biomass J 4,90E+18 9,79E+03 4,79E+22 14.102.264.647,06 

3 Land Area ha 2E+03 1,05E+15 2,10E+18 617.647,06 

4 Soil OM J 7,46E+16 1,24E+04 9,25E+20 271.050.602,35 

5 Surface Water J 5,19E+11 8,10E+04 4,20E+16 12.371,39 

7 Biodiversity # of spp 4,22E+02 2,85E+21 1,20E+24 353.735.294.117,65 

8 Fish harvest J 4,06E+11 1,68E+07 6,82E+18 2.006.512,94 

9 Neotropical otter # 1E+00 2,26E+22 2,24E+25 
6.582.303.043.743,4

2 

 Total Environmental Assets    6,83E+22 
6.956.130.211.083,0

5 

Economic assets 

9 Machinery & tools  g 2,00E+06 1,13E+10 2,26E+16 6.652,04 

10 Office Equipment  g 1,42E+06 1,13E+10 1,60E+16 4.713,75 

11 Buildings (Total) g 1,63E+07 3,90E+09 6,35E+16 18.663,56 

 Total Economic Assets    2,2617E+16 30.029,35 

a Footnotes to Table 2 can be found in Appendix 2 
 

The assets represent an important connection between the financial inputs and the research, social mobilization and 

environmental education, especially the Ecovolunteer Program and the sponsor. Neotropical otter represents the 

largest of the environmental assets, accounting for 90% of the total, followed by biodiversity with 5%. In this 

particular, biodiversity represents the flow of information within the system, no to be confounded with the tree, shrub 

biomass, and fish harvest. 

 

Considering the facilities of the Otter Project in the Peri Lake System, the economic assets accounts to $30 thousand 

dollars. It is dominated by the Visitation Center (23%), followed by the Machinery and Tools (22%), the Hostel (20%) 

and Office Equipment (16%). These are supported to the sustainability of the Otter Project of which economic value 

chain is based on the visitors and ecovolunteers, directly related to the Visitation Center and Hostel. 

 

 
Figure 9. Economic assets of the Otter Project at Lagoa do Peri. 
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4. DISCUSSION 

The main driving energies of the Peri Lake System and their emergy and emdollar equivalents are shown in Table 1. 

In terms of emergy, the area is dominated by its renewable emergy sources and by exports (information). Considering 

the emdollar equivalents, the dominated energy is the input from solar radiation, rain, runoff, and sponsors. The highest 

emergy of renewable sources can be in part explained by the size scale. The Peri Lake System is 20 km2, a small area, 

compared to Pantanal and Everglades, for example. Small scale systems tend to receive more energy per area (Odum, 

2001). 

 

Precipitation in the area is well distributed along the year, in general as mild showers over long periods of time. 

Therefore, the soil is normally close to saturation which helps the water to be easily transported down-hill. It is not 

important only for keeping the water level of the Peri Lake, but it is also responsible for carrying particulate matter 

such as nutrients, responsible for the local productivity. 

 

The total amount per year in the study area is 1.642 mm with an average of 137 mm per month (Epagri, 2006).  The 

precipitation that did not get infiltrated into the soil, or did not evaporate, reach the lake mainly in the form of runoff, 

which explains the high percentage value of this source. It carries chemicals and substances such as phosphorus, 

important for the cycling of vital nutrients to the growth and occurrence of life forms. 

 

Most of the water catchment within the system presents several hills and valleys formed by rocks (intrusive granites) 

with strong slopes and altitudes that range from 180 to 230 m. The water has little time to be absorbed into the soil of 

small thickness, and therefore runs quickly down directly to the lake or filling the many small intermittent streams in 

the way to the Peri Lake. Runoff, represents a valuable energy that support the trophic chain in the lake, not only 

because of the sediments, nutrients and organic matter distribution, but also providing important services such as the 

pulsing of the lake. 

 

Within the Peri Lake System, the presence of the Neotropical otter is determinative, which result in a large input of 

grants from sponsors, driving most of the research and, as a consequence, the exports as information. Surprisingly, 

drinking water extracted from the Peri Lake accounts for only 1% of total exports while information represents 7%. 

The fish harvest represents 93% of the total. These numbers are not in line with the local policy of the system as it is 

based in a single use, that is the water extraction. These results show that the local government strategy, focused only 

in the water extraction is not a good one. Tourism conservation based on natural assets, for example, could be much 

more attractive, as it is the case of the Ecovolunteer Program from the Ekko Brasil Institute that has the Neotropical 

otters as a flagship for research and social mobilization. 

 

Environmental assets and information are preserved within the system. This is the case for the top down effect from 

the Neotropical otter to fish populations. The ecosystem as a whole is prepared to face natural changes along the time 

related to growth, climax and decline. These changes are expressed in terms of diminishing of resources. The role of 

the Neotropical otter in the system can be crucial in order to regulate the size of populations along of the trophic chain. 

 

Previous studies of Neotropical otter diet composition in the study area (Carvalho Junior, 2007; Carvalho Junior, 

2010) reveals that the species feeds mainly on fishes that are situated lower in the trophic chain as is the case of 

omnivores like Tilapia rendalli and Geophagus brasiliensis. These fishes are also slower which requires less 

expenditure of energy by the otter to capture them. From controlling the numbers of Tilapia and Geophagus, to 

affecting carbon storage, Neotropical otters play an important economic and ecological service keeping the health of 

the system, especially in the case of the Tilapia, an exotic species considered highly prolific.  It is possible to say that 

the otter has a control over the number of animals and plants living in the Peri Lake System, as well as diseases such 

as the Brazilian Spotted Fever (BSF) caused by the Amblyomma ovale for which the Lontra longicaudis is a natural 

host (Andrade et al, 2015). 

 

If Neotropical otter is not included in the assets, biodiversity clearly dominates the environmental assets of the Peri 

Lake System. It is followed by shrub/herb biomass and tree biomass. Of particular interest is the Neotropical otter. It 

is treated separately, but if it is included within the environmental assets it would account to em$6.6 trillion, 95% of 

total assets. Tree biomass, shrub/herb biomass, and biodiversity are different manifestations of the same resources. 

Biodiversity represents the information of the ecosystem reflected in the diversity of species present.  

Ecosystem services come from the environmental assets. The total environmental assets of the Peri Lake System, not 

including the Neotropical otter, is about em$3,8 billion while the economic assets account to em$30 thousand.  This 

difference in part reflects the influence of the biodiversity. 
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The Peri Lake System provides an array of ecosystem services. The largest service is the fish harvest that accounts to 
em$2.0 million. It is followed by organized recreation from Ecovolunteer Program of the Otter Project (em$211 

thousand), clean air (em$179 thousand), information produced (em$142 thousand) and water supply (em$12,4 thousand). 

Despite what the numbers show, the local government strategy is based only on water extraction by a state 

governmental company. 

 

The total ecosystem services combined amount to about em$2,3 million per year. When compared to the sponsor's 

support ($558 thousand), the services output is about 4,19 times the sponsor funding. The service provided by the 

Otter Project to the recovering of the five otters in captivity represents em$38 billion. If we take into account only the 

services provided by the Otter Project it amounts to about em$38 billion, 69 thousand times  the sponsor funding. 

 

The use of emergy accounting to evaluate the Peri Lake System represents an alternative approach to valuing flows 

of energy, services, and assets that are not taken into account by the economy. In general, the monetary values and 

emergy values were not aligned. The emdollar of the fish harvest was 446 times larger than the economic value. On 

the other side, the economic value of water supply was about 80 times larger than the emdollar value. The exception 

is the information produced that is quite similar to emdollar (em$142 thousand) and economic value ($150 thousand). 

Even considering the uncertainty of the estimated sources and parameters, the large orders of magnitudes, reveal the 

importance of the resources within the Peri Lake system. 

 

In an organization as the Ekko Brasil Institute, in which the work is based on projects, one of the greatest asset is the 

personal.  The worst that can happen when a project ends is losing engaged and trained personnel. Therefore it is of 

paramount importance that the institution identifies and manage the processes that generate values in order to become 

self-sustaining. Renewable and nonrenewable resources should be strongly related to the strategies of conservation 

and social mobilization included in all projects. In order to keep and promote conservation and sustainability, 

renewable and nonrenewable processes need to be identified and kept working. 
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APPENDIX 1 

 
Notes to Table 1. Emergy evaluation of the flows supporting Peri Lake System. 

RENEWABLE RESOURCE  Sources 

1 Sunlight       

 Annual energy= (Avg. Total Annual Insolation J.yr-1)(Area)(1-

albedo) 
   

 Insolation, J.m-2.yr-1= 6,66E+12  Calculated 

 Area, m2= 2,00E+07      

 Albido= 0,14   Odum, 1987 

 Annual energy= 1,15E+20    

2 Rain geopotential    

 Annual energy= (in.yr-1)(Area)(0.0254 m.in-1)(1E6g.m-3)(4.94J.g-

1)(1 - runoff)  
   

 Rain, in.yr-1 =  60.71   Epagri, 2006 

 Area, m2 = 2.00E+07      

 Runoff, %= 2   Fugida et al., 2013 

 avg. elevation, m= 330,5   IPUF, 1978 

 density, kg.m-3= 1E+03      

 gravity, m.s-2= 9,8      

 Annual energy= 1,30E+14      

 Transformity, sej.J-1= 2,79E+04   Brown and Bardi, 2001 

3 Rain, Chemical Potential energy = (area)(rainfall)(% evapotrans)(Gibbs free energy)    

 = (10,000 m2.ha-1)(0.8l m)(0.49)(1000 kg.m-3)(4.94E+3 J.kg-1) = 1.95 E10 J.ha-1.yr-1    

 Area, m2 = 20.000.000,00      

 
Rainfall, m.yr-1= 1,54   

EPAG

RI, 

2006 
  

 % Evapotranspiration= 0,89   Pereira et al., 2010 

 Gibbs free energy, J.kg-1= 4,94E+03      

 density, kg.m-3= 1.000      

 Energy, J.yr-1 = 1,35E+14      

 Transformity, sej.J-1= 3,10E+04   Odum et al., 2000 

3 Wind kinetic energy      

 Area, m2 = 2,00E+07      
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 Density of Air, kg.m-3 = 1,30E+00      

 Avg. annual wind velocity, V = 5,00E+00      

 Geostrophic wind, mps = 8,33E+00      

 Drag Coeff. =  1,00E-03   
Miller, 1964 quoted by 

Kraus, 1972 

 Energy, J = (area)(air density)(drag coefficient)(velocity3)   

 = (_ m2)(1.3 kg.m-3)(1.00 E-3)(mps)(3.14 E7 s.yr-1)   

        Energy, J = 3,02E+13      

 Transformity, sej.J-1= 1,50E+03   Brown and Bardi, 2001 

7 Runoff, J       

 Runoff=(Volume,m3)(4.82J.g-1)(1E6g.m-3)     

 Volume runoff, m3= 1,08E+07      

  4,82E+00      

  1,00E+06      

 Energy/yr= 5,2056E+13      

 Transformity, sej/J= 6,31E+04   Brandt-Williams, 2000 

9 Fuel, J per Km       

 (litros * 0,35 J.l-1)       

 Energy J/l= 3,5E-01      

 Litros (2014)= 2900,00   IeB, 2015  

 Litros R$= 8700,00      

 Litros $= 2718,75      

 Annual energy, J=  1,02E+03      

 Emergy per unit input= 1,11E+05   Odum, 1996  
1

0 
Ecovolunteer       

 total energy expenditure=kcal.hr-1*hrs*4186J.Kcal-1    

 (total hrs.yr-1)*(2500 kcal.day-1)*(4186J.Cal-1)/(8 pers- hrs.day-1)     

 Total hours= 3,44E+04      

 Conversão= 4,19E+03      

 hrs.day-1= 2,40E+01      

 kcal.day-1= 2,50E+03      

 annual energy, J = 1,50E+10      

 Transformity= 1,50E+07      

 Emergy per unit input (sej.J-1) = 4,45E+06   
Brandt-Williams, revised 

2002 
1

1 Labor       

 Total hours= 3,11E+04      

 Conversão= 4,19E+03      

 hrs.day-1= 5,60E+01      

 kcal.day-1= 2,50E+03      

 annual energy, J=  5,81E+09      

 Transformity= 1,50E+07      

http://kcal.hr/
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 Emergy per unit input (sej.J-1) = 4,45E+06      
1

2 Electricity, J       

 Annual energy=KWh*3,6E+06 J.KWh-1     

 Conversion= 3,60E+06      

 KWh = 7,05E+01     

 Annual energy = 2,54E+08      

 Transformity= 2,92E+05      
1

3 Food for otters       

 Total spent= 1,28E+04      

 Unit Emergy Value, sej/$= 1,68E+07      

 Annual energy = 2,15E+11      
1

4 Payment from visitors       

 Unit Emergy Value, sej/$= 1,90E+12      

 Total payment= 1,11E+03      

 Annual energy = 2,11E+15      
1

5 Payment from ecovolunteers      

 Total received= 6,78E+04      

 Unit Emergy Value, sej/$= 1,90E+12      

 Annual energy = 1,29E+17      
1

6 Payment from sponsors      

 Total received= 5,58E+05      

 Unit Emergy Value, sej/$= 1,90E+12      

 Annual energy = 1,06E+18      
1

7 Payment from Otter Shop (2015)       

 Total received, $= 3,37E+03      

 Unit Emergy Value, sej/$= 1,90E+12      

 Annual energy = 6,40E+15      
1

8 Information (research)       

 working days 2014= 2,56E+02      

 working research days= 1,28E+02      

 working hours= 1,02E+03      

 Transformity= 2,35E+14      

 Total sej of research= 2,40E+17      
1

9 Surface water (drinking)       

 energy=volume*density*Gibbs Free energy of water   

 Price (R$/10m3)= 3,00E+01      

 Price (US$/10m3)= 8,57E+00      

 Volume of water (m3.yr-1)= 1,05E+05      

 Volume of water (US$)= 9,01E+04      

 density of water, kg.m3= 1,00E+03      

 Gibbs Free energy of water, J.kg-1= 4,94E+03      

 energy, J= 5,19E+11      
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 Transformity, sej.J-1= 8,10E+04      
2

0 Fish Harvest      

 Fish caught, Kg= 400,00      

 Fish caught, g= 400.000,00      

 avg. mass, g/fish= 270,00      

 % dry weight, 20%= 0,20      

 energy content, J/g= 1,88E+04      

 energy fish caught, J= 4,06E+11      

 Transformity, sej/J= 1,68E+07      
2

1 Payment for Labor      

 Total (2014), $/yr= 1,58E+05      

 Emergy per unit input, sej/$ = 2,40E+12      

 Annual emergy= 3,79E+17      
2

2 Payment for services (2014)      

 Total (2014), $/yr= 9,12E+04      

 Emergy per unit input, sej/$ = 2,40E+12      

 Annual emergy= ($/yr)*(sej/$)     

 Annual emergy= 2,19E+17      
2

3 Payment for government      

 Total (2014), $/yr= 3,73E+04      

 Emergy per unit input, sej/$ = 2,40E+12      

 Annual emergy= ($/yr)*(sej/$)     

 Annual emergy= 8,96E+16      
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APPENDIX 2 

 
Notes to Table 2. Emergy in natural and economic capital of Peri Lake system. 

1 Tree Biomass, J  

 Altura, m= 20 

 Area de árvores, km2= 57 

 Area de árvores, km3= 1,14 

 Area de árvores, m2= 57000000 

 Area de Árvore, m3= 1,14E+09 

 Peso kg/m3 25,00 

 Peso total, kg/m3 2,85E+10 

 mass, g dry weight= 2,85E+13 

 Kcal/g tree biomass= 4,50E+00 

 J/kcal= 4,19E+03 

 energy, J= 5,37E+17 

 Transformity, sej/J 3,62E+04 

   
2 Shrub/Herb Biomass, J  

 Area, km2= 13 

 Area, km3= 52 

 Area, m3= 5,20E+10 

 Peso Kg/m3, dry weight 5 

 Peso total Kg/m3, dry weight 2,60E+11 

 mass, g dry weight 2,60E+14 

 energy, J= 4,90E+18 

 Transformity, sej/J 9,79E+03 

3 Land Area, ha  

 Area, ha= 2000 

 Transformity, sej/J= 1,05E+15 

 energy, J= 2,10E+18 

4 Soil OM, J  

 volume, m3= 3,00E+06 

 Bulk density, kg/m3= 1,10E+03 

 g/kg= 1,00E+03 

 mass OM= 3,30E+12 

 kcal/g of OM= 5,40E+00 

 j/kcal= 4,19E+03 

 Energy, J= 7,46E+16 

 Transformity, sej/J 1,24E+04 

5 Surface water  

 volume, m3/yr= 1,05E+05 

 density water, kg/m3= 1000 

 Gibbs Free energy of water, J/kg= 494 

 Energy, J= 5,19E+10 

 Transformity, sej/J 8,10E+04 

7 Biodiversity  

 # of spp= 4,22E+02 

 Transformity, sej/J= 2,85E+21 
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 energy, J= 1,2E+24 

8 Fish harvest, g  

 Total caught, g/yr= 6,77E+12 

 Transformity, sej/g= 1,68E+07 

 energy, J= 1,14E+20 

9 Neotropical otter  

 # Endangered species (n.) in LP= 1 

 LP area (km2)= 20 

 %LP area to the island=  4,71 

 SC Island area (km2)= 424,4 

 emergy per species (sej/species)= 4,75E+24 

 
Brazilian National  Emergy Money Ratio (EMR) sej/$ (Total 

emergy Used/GDP)= 
3,40E+12 

 
average value for turnover time of neotropical otter (Weir, 2007) 

(million yrs)= 
3E+06 

 median estimate for total number of species (million)= 1,00E+07 

 renewable emergy budget of the globe (sej/yr)=  1,58E+25 

 Emergy in critical sp (neotropical otter)= 2,24E+25 

 Transformity (from USFS Report 10)= 2,26E+22 

   
10 Machinery, Equipment   

 # vehicles= 4 

 avg. mass, g/vehicle= 2001500 

 avg vehicle lifespan, yrs= 2,00E+01 

 use per yr= 4,00E+05 

 Transformity, sej/J 1,13E+10 

   
11 Office & Equipment  

 mass, lbs= 3124 

 g/lb= 4,54E+02 

 energy of office & equipment, g= 1,42E+06 

 Transformity, sej/g= 1,13E+10 

   
12 Buildings, Visitation Center  

 units per m2, g/m2= 2,98E+04 

 area, m2= 201 

 building mass, g= 5,99E+06 

 Transformity, sej/g= 3,90E+09 

13 Buildings, Hostel  

 units per m2, g/m2= 2,98E+04 

 area, m2= 180 

 building mass, g= 5,36E+06 

 Transformity, sej/g= 3,90E+09 

14 Nucleo, Social Mobilization  

 units per m2, g/m2= 2,98E+04 

 area, m2= 54 

 building mass, g= 1,61E+06 
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 Transformity, sej/g= 3,90E+09 

15 Lab/Kitchen Otters  

 units per m2, g/m2= 2,98E+04 

 area, m2= 48 

 building mass, g= 1,43E+06 

 Transformity, sej/g= 3,90E+09 

16 Refectory/TV Room  

 units per m2, g/m2= 2,98E+04 

 area, m2= 63 

 building mass, g= 1,88E+06 

 Transformity, sej/g= 3,90E+09 
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