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This research had been developed to evaluate mangrove ecosystem in Santa Catarina (Babitonga Bay and Santa
Catarina Island) in 1999. Babitonga Bay is the most important area of mangrove ecosystem in the state, with kinds of
structure forest, totalizing 6200 ha. Tavares river is a well-preserved mangrove forest in Santa Catarina Island with
an area of 8 km². Both are threaten by urban development, although Brazilian Law protection. Around the world,
mangrove ecosystem is usually replaced by economical systems, despite its economic and ecological importance, as
coastal ecosystem that provides humanity with free services. This study proposed economical applications to
evaluate mangrove in southern American limit, using techniques to value direct and indirectly its goods and
services. At this moment, it had been identified as potentially valuables: fauna (crustaceans and mollusks); flora
(plants biomes - and subsistence); water transport and sewage secondary treatment. The data obtained had been
extrapolated to hectare and the lowest value to goods obtained was US$ 7.67 and the highest value to services was
US$ 105,200.00. The results identified an informal market to goods and services supporting livelihood to traditional
communities, but few benefits could be evaluated. The study has to be complemented to give us the total economic
value of mangrove ecosystem.

ADDITIONAL INDEX WORDS: Goods and services, Santa Catarina, ecology.

ABSTRACT

Mangrove Evaluation-An Essay

M. M. P. Tognella-de-Rosa†; S. Rabelo Cunha†; M. L. G. Soares ‡ ;Y. Schaeffer-Novelli and D. O Lugli†

INTRODUCTION

One of most important coastal ecosystems in Brazil is
mangrove and according to S (1988) and
S (1990), it occurs since Amapá
(Orange Cape- 4º 52´N) to Santa Catarina (Laguna - 28º 30´S).
It provides environmental goods and services without social
cost, but is usually replaced by economic uses: marina, harbor,
aquaculture, roads, human construction and others. This
happens because society's lack of knowledge of mangrove
functions and ecological services generously provided (H
and O , 1970; O , 1983; S , 1983;
H and S , 1987; H , 1989;
T , 1985, 1988; L , 1990; M and
G , 1993; O , 1994), underestimating its
economical potentialities (H and S , 1984;
H 1989).
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Aim of this evaluation essay is to apply economic techniques
that identified value for non-renewable natural resources,
searching tools to preserve mangroves in Santa Catarina State.
Concepts about natural areas maintenance, conservation and
protection have principle that environmental benefits are finites
and essentials for sustainable economic development. Resource
is important not only by its current and potential economic
value but even by role in ecological processes of sustainability,
achieved without cost to humanity (N , 1977; B ,
1989; D , 1989; H ., 1989; D and
S , 1990; B ., 1991a,b).

Pressures done by society over mangroves lead to conclusion
that only with recognition of its economic value it will become
preserved. It can be preserved inside capitalist society, giving
opportunity to present and future generations use its functions
as recreational, cultural, social, economical and mainly
ecological benefits.

Santa Catarina State is last occurrence of mangrove in Brazil.
There are many areas of mangrove along coastline, but
Babintonga Bay (Figure 1) and Santa Catarina Island (Figure 1)
are most representatives. These forests have (S S

, 1969):
and .

cated in northeastern region, representing main estuarine area
in state (Figure 1). Climate is classified as being of transition,
predominantly hot in north, with mean annual temperatures
higher than 15° and 18°C. Precipitations are of 1.800 mm/year,
concentrating (MMA, 1998).

Environmental impacts caused by harbor occurrence and
industrial activities done impracticable recreational and fishing
utilization. Despite this, there are crabs collect in forests located
in north by traditional community ( ,
2000).
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METHODS

StudyArea

Babitonga Bay

Babitonga Bay (26º00' e 26º40´ S; 48º28 and 49º00' W) is
lo

Santa Catarina Island is located in central portion in Santa
Catarina State coast (SDM, 2000). Mean highest temperatures
in summer (25 C) occur in January. In winter, mean lowest
temperatures are about 17 C.

Tavares River Mangrove (27º 35' e 27º 40' S e 48º 30' and 48º
35' W) is located in southwestern portion of island, bordering
part of South Bay (Figure 1) presenting total area with about 8
km (C , 1990). Extraction activity of

is main source of subsistence for local fishermen
community (I 1998; C I , 1999).

Tavares River (Santa Catarina Island)
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There are different kinds of economics tools to evaluate net
benefits of natural resources (H , 1990)
Differentiated economical techniques had been utilized, using
available data and another ones obtained in immediate
samplings. Scarcity of biological data available to both studied
areas done difficult valuation process.

The following compartments had been defined for
economical evaluation of mangrove attributes: fauna, flora,
nutrients cycling, coastal productivity, water transport and
secondary treatment of domestic effluents, described in Table 1.
Election of parameters must it easiness of attainment of data and
in profile of local mangroves. Direct techniques of evaluation
had been used (H , 1990; B , 1989;
B , 1991a,b) to quantify goods in fauna and flora
compartiments and for ecological service of maintenance of
water transport. Ecological services as primary production and
food web provided by flora, nutrients cycling by crustacean
community and secondary sewage treatment of domestic
effluents had been indirectly quantified (H ,
1990; B , 1991a,b).

Fauna compartment was directly evaluated quantifying its
production and market value for crustaceans and mollusks
(F and I , 1989; H , 1990).

Studies done by F (1999) in mangrove near Babitonga
Bay showed that density of is four
individuals/m . W (1977) and F (1998) related
in their studies that decapods present differentiated habitat,
varying in accordance with the sediment texture, salinity and
percentage of organic matter; this took us to only consider 50%
of the mangrove area as available for quantification. The
manual trapped capture of this resource involves low cost,
difficult of being measure.

Flora ecological role, as substrate to many organisms, was
indirectly quantified through commercialized wood. As in
Brazil, mangle wood extractive activity is illegal, although to
occur, estimated market value was of similar species
commercialized with same purpose of mangle vegetation.

Plots in study forests had been defined according to
methodology described by C and S
(1984) and data of diameter and height of each one. These
results were converted to mean solid value of wood (C

., 1989) to define contribution in wood. Considering that
forest structure in is not similar, this compartment was
separately analyzed for both areas. All adults and live tree of
mangrove species in plots had been considered to conversion
for wood.

sp. was selected to quantify monetarily the crab's role
in nutrients cycling. Density was determined in randomly
disposed plots with 1 m of area, according to F (1998),
perpendicularly to tide entrance. Individuals average in
replicates was utilized to determine density per hectare of
mangrove. Biology/Science Materials catalogue had been used
to define value of individuals, as in Brazil there is no
commercialisation.
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Fauna compartment was directly evaluated quantifying its
production and market value for crustaceans and mollusks

and 1989; , 1990).

This compartment was quantified evaluating it monthly
capture carried though by fishermen community of Tavares
River. Data collected by IBAMA (1999) to 1995 and 1996, had
avoided estimating monthly capture of

. Associated to these data, questionnaires had been
applied to ask fishermen about the costs involved in extractives.
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Figure 1. Study areas (Babitonga Bay and Rio Tavares in Santa
Catarina Island).
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Table 1. Goods and services from mangrove areas.

Compartimento Babitonga Bay Tavares River Valuation

Crabs Present Present US$ 9,469.69 ha/year

Mollusks Not present Present US$ 307.68 ha/year

Flora Present US$ 81,588.91ha/year and US$ 70,950.20 ha/year, respectively.

Nutrients Cycling Present Present US$ 105,200.00 ha/year

Coastal Production Present Present US$ 44.46 ha/year and US$ 7.67 ha/year, respectively.

Water Transportation Present Not present US$ 22.75 ha/year

Sewage Treatment Present Present US$ 5,000.00 ha/year

Present



Coastal Production

WaterTransport

Sewage Treatment
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DISCUSSION AND CONCLUSIONS

Ecological role to coastal productivity was determined by
conversion of foliar biomass to shrimp biomass.

Structure data obtained in plots (C and S
, 1984) had been converted into foliar biomass using

equations defined by S (1997) for
and .

Averaged foliar biomass had been transformed, by energetic
conversion, in shrimp biomass. With these results and
determined market value of shrimp, mangrove contribution to
coastal productivity was quantified.

Data of structure to dead trees and
had been not utilized. This specie presents high density in
studied sites, but in Brazil there is no data available for biomass
conversion.

Mangrove has an ecological function as flood mitigation
protecting terrestrial ecosystems against oceanographic and
atmospheric phenomena (O , 1983; M and
G , 1993; O , 1994).

Besides, the estuaries function as local transport to people
and materials and this is favoured by vegetation presence in
edges that can act as sediment keepers, maintaining navigation
channels.

Due to its extension, Babitonga Bay has a ferryboat system
between two cities. This service is possible because vegetation
act as sediment filtering; it was indirectly quantified by survey
through number of people and vehicles using transport system.
This survey had been accessed operational costs in company
responsible by ferryboat. Number of people using ferryboat and
values paid by each one was evaluated in site. Gross and net
income of ferryboat system was determined.

To evaluate ecological function of biologic filter of
sediment, carried trough for vegetation roots and by
microbiological fauna, joined alternative was to quantification
of costs implantation of secondary sewage treatment station.
Vegetal covering associated to microbiological fauna and flora
by means biologic mechanisms is capable of inactive organic
matter, capturing it in sediment and removing nutrients present
in domestic effluents (O , 1983).

Methodology employed was to quantify area in mangrove
and with these data to define depuration capability. Taking total
mangrove and dividing by mean value of necessary area per
inhabitant, the number of people that each area would attend
was calculated. Multiplying it by implementation costs,
mangrove economical contribution is achieved.

To this ecological service, operational costs had been
determined to Babitonga Bay ferryboat. Monthly mean cost of
operation was estimated in US$ 11,757.38 and was found that in
winter company works with injury.

In survey took about users frequency, it was estimated annual
net profit of US$ 141,088.07, corresponding to US$ 22.75 per
hectare/year of mangrove in maintenance of system (Table 1).

According to V (1997), sewage treatment
system by low infiltration, similar to function exerted by
mangroves, attend to 30 inhabitants per m , with mean cost to its
implementation of US$ 15.00.

Mangrove occurrence in estuary reduces social costs.
Loosing this service it will cost US$ 5,000.00 hectare/year to
society.

In Brazil, mangrove is considered as worthless place. Then,
common difficulties from economic evaluation, as absent or
market, are increase because land is reclaimed for alternative
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The averaged density estimated to forests was of 4
organism/m². To avoid super estimation of data, it was
considered only 50% of area as available to
habitat and assuming that there is no excessive exploitation of
resource. The fishermen in their houses commercialize this
resource by price of US$ 5.68 for dozen, what it resulted in an
aggregated value of US$ 9,469.69 per hectare/year (Table 1).

The production data to account
monthly mean of 6 ton to molluscs with shell, resulting
something like in 344 kg of animal protein.
Fourteen fishermen families depend on the resource for
subsistence and questionnaire had been done to estimate
activity costs. A mean cost of US$ 159.65 by month to resource
capture and a mean gross profit of US$ 1,515.34 by month per
involved family were determined. Net profit per family was of

US$ 16,265.90, resulting in US$ 21,97 per hectare/year
(Table 1).

Density and mean height of tree are distinct in study area. As
a consequence, this compartment was estimated separately.

Structure data had resulted in a mean volume of wood
correspondent to 7,258.80 m³/ha. Mangle wood is used as poles
and similar products in market are quoted in US$ 11,24/m³. This
totalised aggregated value of US$ 81,588.91 per hectare/year.

Mean volume had been estimated as 6,312.30 m³ per hectare,
resulting in US$ 70,950.20 per hectare/year, as economical
contribution of wood to commercialisation (Table 1).

., by its important role in nutrients cycling, it was
selected to determine economically nutrients source.

In sampling, it was determined that mean number of burrows
is 8 per m . In Brazil, this organism do not present market value,
therefore, international market price was utilized as substitute
(US$ 2,63 per individual). It resulted in contribution of US$
105,200.00 per hectare/m² (Table 1).

Structure data had been converted into foliar biomass per tree
by regressions proposed by S (1997). This compartment
was distinct due to differences found in forests structures.

It was determined mean foliar biomass as 782.5
kg/hectare/year to Babitonga Bay, resulting in conversion to
shrimp biomass ( of 7.82 kg/hectare/year
commercialised in US$ 5.68, totalising an aggregated value of
US$ 44.46 hectare/year (Table 1).

Tavares River mangrove's structure data accounted mean
foliar biomass of 135.6 kg/hectare/year, producing mean
shrimp biomass of 1.35 kg/ hectare/year. Result obtained was
of US$ 7.67 per hectare/year (Table 1). It is notable that these
values are lowest than previous one due to higher density of

present in plots.
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uses. Mangroves are under high social, political and economic
pressure for competitive use.

Considering ecological signature, mangrove forest is
peculiar, with different structure and function from one place to
other (L and S , 1974; T , 1985). This
approach recognizes that it is also truth for economic question,
although similarity in environmental factors for both areas.
Forest structure was most important compartment that makes
the difference. If this wasn'T considered in economic analysis,
society could lost sustainable natural capital and will pay for it.

Crab fauna has important function in mangrove, although
inexpressive direct herbivore to vegetal matter. Crab
community is responsible to consume 79% of organic matter
from mangrove (R , 1986; L , 1989; R
and D , 1989). These data show how maintenance of this
resource is fundamental to environmental quality of coastal.
This function is represented here by ´s quantification.

Studies take place in Fiji Island result in US$ 2,700.00/ha,
estimated for commercial fish capture and for subsistence
provide by fish and crustaceans (L , 1989; L , 1990; L
and D , 1990). Our study estimates amount to US$
9,469.69/ha/year, as net benefit from . This
organism is very important source of revenue to local people.
Difference between our data and Lal´s data is high value give by
Brazilian society to resource as food. Low crab's density
increases resource market price in South Brazil.

Mangrove has many forestry products as coal, poles, woods
and materials for construction, firewood and fuel. These
resources are subsistence source of energy to coastal
populations (C , 1978; S ., 1983; F ,
1996).

R (1992a,b; 1995) studying mangroves from
Indonesia, recognize that flora resource improve annual
familiar revenue to US$ 1,920.00. He had evaluated an
economic value to US$ 2,230.00, only to subsistence, instead
tree cuts.

In Terminus Laguna, wood was utilized as charcoal
production and to human construction. Values quantified were
US$ 451.00 e US$ 631.00 per year, respectively (C

., 1998).
Both areas have similar utilization by wood, but it was very

difficult to be quantified. Our data quantified wood amount
available.

W -L (1992) quantified coastal
productivity supported by Nicaragua mangroves. Commercial
shrimp capture return economic value that represents income of
US$ 2,699,520.00 or US$ 77.00 per hectare.

R (1999) analyzing mangrove contribution as
source of food identified monetary return to shrimp coastal
production from US$ 750.00 to US$ 11,800.00 per hectare.

These studies have value more expressive monetarily than
our results. We evaluated mangrove contribution to shrimp
production indirectly, different from methods developed by
W -L (1992) and R (1999).

Wetlands has ecological role in nitrogen cycle. It
incorporates organic and inorganic nitrogen by: denitrification
process, biomass consume and sedimentation (C ,
1983; M and G , 1993; C and
M , 1994). Most important process is denitrification, it

could consume between 60 to 90% of total nitrogen
incorporated by ecosystem. (J 1994b).

L (1989) employed cost analyze to alternative use as
mangrove substitution by sewage treatment plant. This study
resulted net benefit to US$ 106,000.00/ha from replaced.
According to C (1997), mangrove's value to this
functioning is US$ 6,700.00/ha. But these authors didn't report
what kind of substitute they used. This evaluation has similar
value that observed by our study.

Almost economic evaluation of natural capital and its
potentialities evolve data from market goods, for example,
wood resource. This deficiency happens because goods and
services peculiarity, it's very difficult to define limit of
environmental influences. We have to consider that vegetal
resources are more economic valuable by other ecological
functions instead of wood collection for human subsistence or
its commercialization. Sometimes, one kind of resources use
makes others functions not available.

Natural resource has lot of economic functions that could be
compatible with natural goods and services. Around world are
examples of maintenance of natural capital preserved by
tourism demand. Traditional people are able to increase their
revenue only working with tourism (R , 1980;
H and D , 1988; R , 1992a;
W -L , 1992; B , 1995). This profile is
identified in our studies areas. Babitonga bay has important
tourism demand, like ship and yacht ride, dive and recreational
fish. Tavares River has future perspective to develop this kind of
resource exploration.

As related by H (1989), there are two
difficulties to evaluated mangrove: most benefits are not traded
on formal markets and almost of them occur off-site ecosystem
limit. These problems and deficient in of biological data,
couldn't give us total economic value for studies areas. We have
to improve our data to incorporate these values. Since we can do
it, we would have total economic value for our areas.

Despite that economic valuation had been partial because
only few goods and services could be quantified, this research
allow us to affirm that fines applied to infringe agents when
ambiences damages had been occurred are ludicrous.
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