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ABSTRACT

High levels of  eutrophication in coastal lagoons due to human activity have been documented worldwide. Among the main impacts 
observed are anoxia, hypoxia, toxic algal blooms, fish kills, loss of  biodiversity and loss of  bathing. This study aimed to evaluate the 
evolution of  the trophic state of  Lagoa da Conceição, a subtropical lagoon located in an urbanized watershed on the island of  Santa 
Catarina - Brazil. Spatio temporal patterns of  stratification and eutrophication were investigated to understand the main biochemical 
changes over time. The water quality data were obtained from field campaigns supplemented with literature of  the last 15 years. The vertical 
structure of  the water column and the trophic state were evaluated by the stratification index and the TRIX index, respectively. Analyses 
of  variance were performed in order to identify possible temporal variations in vertical stratification and trophic level. Eutrophication 
effects on biogeochemical cycles were verified through a multi-dimensional cluster analysis (MDS) and correlations between variables 
related to physical, chemical and biological processes were verified by principal component analysis (PCA). The results showed that the 
water column is homogeneous in all regions except in the central region of  the lagoon, and the highest ammonia concentrations and 
lowest dissolved oxygen concentrations with periods of  anoxia are observed in bottom waters. The study looked at the high trophic 
level of  the lagoon and its inability to process the biogeochemical changes imposed by urban development.
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RESUMO

Níveis elevados de eutrofização em lagunas costeiras devido à atividade antrópica têm sido documentados no mundo inteiro. Dentre 
os impactos observados pode-se destacar anoxia, hipoxia, floração de algas tóxicas, mortalidade de peixes, redução da biodiversidade 
e perda da balneabilidade. O presente estudo teve por objetivo avaliar a evolução do estado trófico da Lagoa da Conceição, uma 
laguna subtropical localizada em uma bacia hidrográfica urbanizada na Ilha de Santa Catarina - Brasil. Para compreender as principais 
modificações biogeoquímicas ao longo do tempo foram investigados os padrões espaço-temporais da estratificação e da eutrofização. 
Os dados de qualidade da água foram obtidos a partir de campanhas de campo complementados com dados da literatura dos últimos 
15 anos. A estrutura vertical da coluna da água e o estado trófico foram avaliados pelo o índice de estratificação e o índice TRIX, 
respectivamente. Análises de variância foram realizadas com o objetivo de identificar possíveis variações temporais na estratificação 
vertical e no nível trófico. Efeitos da eutrofização nos ciclos biogeoquímicos foram verificados através de uma análise de agrupamento 
multidimensional (MDS) e correlações entre as variáveis relacionadas a processos físico-químicos e biológicos foram verificadas através 
da análise de componentes principais (PCA). Os resultados mostraram que há homogeneidade da coluna d’água em todas as regiões 
da laguna exceto na região central sendo observadas as maiores concentrações de nitrogênio amoniacal e as menores concentrações 
de oxigênio dissolvido com períodos anoxia nas águas de fundo. Foi verificada elevação do nível trófico da laguna e sua incapacidade 
para processar as mudanças biogeoquímicas impressas pelo avanço urbano.

Palavras-chave: TRIX; Lagunas costeiras; Estratificação; Hipóxia; Ciclos biogeoquímicos.
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INTRODUCTION

Destruction of  marine ecosystems by anthropic action 
is a global phenomenon that is attaining alarming proportions 
(LOTZE et al., 2006; HALPERN et al., 2008, 2015), and one of  
the main causes of  degradation in coastal zones is the input of  
nutrients from industry and agriculture (GESAMP, 2001). On the 
other hand, in developing countries, due to the high rate of  urban 
occupation associated with technological deficiencies and public 
mismanagement, the discharge of  sanitary effluents is one of  
the most concerning sources of  pollution in coastal water bodies 
(MIRANDA; CASTRO; KJERFVE, 2002; DSIKOWITZKY et al., 
2016; ROVERSI et al., 2016; WETZ et al. 2016).

Coastal lagoons are semi-closed transitional water 
environments, with high socioeconomic value, and extremely 
susceptible to anthropic action. Choked lagoons in particular are 
characterized by high residence time associated with low water 
renewal rates, which leads to the accumulation of  nutrients, 
sediments and organic matter (KJERFVE, 1994; KNOPPERS; 
KJERFVE, 1999; MIRANDA; CASTRO; KJERFVE, 2002; EKAU; 
KNOPPERS, 2003; BIANCHI, 2006;). In these environments, 
the excessive discharge of  nutrients causes changes that lead 
to increasing levels of  eutrophication, resulting in a decline of  
biodiversity, changes in the food chains, harm to human health and 
economic and social losses that are difficult to measure (NIXON, 
1995; GASALLA; ROSSI-WONGTSCHOWSKI, 2004; TUNDISI, 
2003; RABALAIS et al., 2009).

Lagoa da Conceição (LC), located on the east coast of  the 
island of  Santa Catarina, is an outstanding source of  resources 
and ecosystem services, and various species of  marine organisms 
shelter and reproduce there (BRANCO; VERANI, 1997; LEDO, 
1999; RIBEIRO; CLEZAR; HOSTIM-SILVA, 1999; BORGO et al., 
2015). The lagoon is widely used for fishing, tourism and several 
sports, and is a major source of  increments for various sectors 
of  local trade and also for the municipality. However, this 
environment has been affected over the last few decades by the 
increase of  disordered urban growth and a noticeable change in 
the use and occupation of  its hydrographic basin. Population 
studies performed by Campanario (2007) indicate that the urban 
population around the lagoon grew 93.2% between 2001 and 
2015, at a rate of  6.3% a year, a growth rate that is four times 
higher than the 1.5% a year of  the state of  Santa Catarina during 
the same period (CAMPANARIO, 2007).

Over the last 20 years, several studies of  the lagoon 
have provided important data to improve understanding of  the 
evolution of  anthropic impacts in this environment (FONSECA; 
BRAGA; EICHLER, 2002; FONSECA, 2004; FONSECA, 2006; 
FONTES, 2009; FONTES et al., 2011; ODRESKI, 2012; SILVA, 
2013; CURY, 2016). However, the integration of  these data was 
still lacking in knowedge regarding water quality in the lagoon. 
The purpose of  the present study was to systematize the existing 
water quality data for Lagoa da Conceiçao in order to: a) evaluate 
the lagoonal regions as to the existence or absence of  stratification 
in the water column; b) evaluate the temporal evolution in the 
region where more intense stratification processes were identified; 
c) describe the spatial variations and identify tendencies toward 
eutrophication in the lagoon based on the Trophic State Index 
– TRIX (VOLLENWEIDER  et  al., 1998) during the period 

from 2001 to 2015, and d) look at the dynamics of  the inorganic 
nutrients, oxygen and phytoplankton biomass to understand 
the main biochemical modifications that occurred in the system 
during the period analyzed. The integration of  secondary data 
(Table 1), together with an in situ data survey performed in 2015, 
constituted a so far unheard-of  effort to understand the state and 
trophic evolution in Lagoa da Conceição.

MATERIALS AND METHODS

Area of  study

Lagoa da Conceição is a subtropical coastal lagoon located 
in the Municipality of  Florianópolis (Figure 1),capital of  the State 
of  Santa Catarina (27°34’S 48°27’O). The lagoon has a surface 
of  24 km2, a volume of  66,648,179 m3 and a hydrographic basin 
of  78 km2 (AEROCONSULT, 2000).

The population is distributed mainly among five neighborhoods 
around the Lagoon (Figure 1), in the north, Rio Vermelho, along 
the Canal da Barra, and south in Porto, Canto and Centro.

The only connection between the lagoon and the ocean is 
a meandering channel 2.8 km long, between 1 and 6 meters deep 
and between 5 and 25 meters wide (ROCHA, 2007). The inlet 
channel (Canal da Barra) acts as a filter of  the astronomic tide 
and the level of  the lagoon responds primarily to the variations 
in the ocean level within the meteorological range (GODOY, 
2009). When there is no wind, the hydrodynamics is ruled by the 
hydrological inputs distributed over the north, west and south 

Table 1. Reference of  the secondary data used for the historical 
analysis of  the water quality of  Lagoa da Conceição. Data were 
obtained referring to the following parameters: temperature (°C, T), 
salinity (PSU, S), concentration of  dissolved inorganic phosphorus 
(µg/L, PID), ammonium (µg/L, NH4-), nitrate(µg/L, NO3-2), 
chlorophyll -a (µg/L, Cl-a) and dissolved oxygen (mg/L, OD). 
The hydrodynamic parameters obtained were velocity and direction 
of  the current and water surface level.

YEAR Author Method/N  
of  samples Parameters

2001

Fonseca
(2004, 2006), 
Fonseca, Braga 
and Eichler  2000)

Sampling in the entire 
lagoon / N=118 Water quality

2003 Fontes (2004) Sampling in the entire 
lagoon / N=155 Water quality

2005 Fontes (2009) Sampling in the entire 
lagoon / N=44 Water quality

2007 Fontes (2009), 
Fontes et al. (2011)

Sampling in the entire 
lagoon / N=70 Water quality

2012 Bier (2013),
Odreski (2012) GIS/Modelling Hydrology

2013 Silva (2013) Modelling Hydrodynamic 
circulation

2015 In situ Sampling in the entire 
lagoon / N=64 Water quality
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banks of  the water body. (ANDRADE, 2001; ODRESKI, 2012; 
SILVA, 2013).

Residual transport of  water takes place in the latitudinal 
direction from the extremes to the center of  the lagoon, with 
runoff  to the sea via the inlet channel (SILVA, 2013). Based on 
residual flow fields, the aforementioned author also identified 
the presence of  cyclonic (small depth) and anticyclonic (greater 
depth) gyres at 7 points in the lagoon (Figure 2).

The conditions presented by the anticyclonic gyres are 
favorable to the accumulation of  particles in the central south 
regions, and consequently the increased gradients of  nutrient and 
particulate matter concentration towards the bottom. In turn, the 
cyclonic gyres result in the resuspension of  dissolved nutrients 
from the bottom to the surface, where an increment of  primary 
productivity is expected (GÓMEZ; GÓMEZ; BULGAKOV, 2008).

Data survey

In order to evaluate the oceanographic conditions of  the 
system, four campaigns were held in 2015 to collect data (Mar/27, 
Aug/19, Aug/27 and Sep/28) that covered the entire area of  the 
lagoon at 8 sampling points, 2 points per region (Table 2). The depth 
was measured for each point using a FishTaker echobathymeter. 
Data on temperature and salinity in the water column were 
collected every 0.5 m with the help of  a model CastWawy CTD 
profiler of  YSI. For the analysis of  nutrients and chlorophyll-a, 
water samples were collected on the surface and bottom using a 
Van Dorn bottle with horizontal closing.

The samples were preserved in appropriately acclimated 
thermal boxes which were protected from light until they were 

Figure 2. Map of  the hydrographic network of  the basin and the 
residual circulation pattern in the body of  the lagoon. The black 
arrows indicate residual flows from the extremes to the center-east 
part of  the lagoon. Green and red arrows indicate the presence 
of  cyclonic and anticyclonic gyres, respectively.

Figure 1. Location and occupation map of  the hydrographic 
basin of  Lagoa da Conceição. Source adapted from Bier (2013).
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processed in the Laboratory according to Lana et al. (2006). Once 
they were in the laboratory, the water samples were filtered using 
the 47mm glass microfiber filter GF-5, as described by Strickland 
and Parson (1972). After filtering, the samples were frozen at –20 °C 
until the time of  analysis. Since it was a fraction that could be 
assimilated by the phytoplankton, nitrogen was quantified in the 
dissolved inorganic form (DIN). DIN was estimated by the sum of  
concentrations of  ammoniacal-N (NH4). nitrate ((NO3) and nitrite 
(NO2), and these were estimated by colorimetric methods with a 
0.7 µg.L–1 precision (GRASSHOLF; KREMLING; EHRHARDT, 
1999). Orthophosphate, dissolved inorganic phosphorus (DIP), and 
silicate (SiOH) were quantified by the colorimetric method with a 
precision of  0.9 µg.L–1. The absorbances were read in a dual beam 
Hitachi UV-290 spectrophotometer, based on calibration with certified 
solutions of  Merck® (GRASSHOLF; KREMLING; EHRHARDT, 
1999). The phytoplankton biomass (Chlorophyll-a) was quantified by 
fluorimetry, with the help of  a Turner Designer‑Trilogy fluorimeter 
(STRICKLAND; PARSON, 1972). The pH and dissolved oxygen 
were measured with a model Ecosense YSI pHmeter, and with a 
model Handlab OX12 Schott oxymeter..

Information about the lagoon hydrodynamics and morphology 
was obtained from Odreski (2012) and Silva (2013). Data on the 
water quality of  Lagoa da Conceição were obtained in the literature 
referring to past studies performed in 2001, 2003, 2005 and 2007.  
A more detailed description of  the bibliography is presented in 
Table 1. Complementary data referring to the growth and population 
density of  the neighborhoods were obtained from Campanario 
(2007) and data on the coverage of  the sanitary sewerage system 
were obtained from MPB Engenharia (2008).

Data selection

Since Florianópolis is an area of  tourism, its population 
during the high season (December to February) may be three 
times greater than the resident population. According to 
projections by Campanario (2007), the population density in the 
urbanized area of  the lagoon hydrographic basin for 2015 was 
from 1200 to 3600 inhab/km2 during the low and high season, 
respectively. In order to prevent noise introduced by the floating 
population, only data from the low season months (March to 
November) were selected. To standardize the sampling effort, 
32 data per year were selected (limitation found in 2005), seeking 

whenever possible to obtain 8 items of  data for each region of  
the lagoon (Table 2).

Hydrodynamic sectors

Based on the residual circulation pattern of  the water in 
the lagoon (Figure 2), eight hydrodynamic sectors were defined 
and shown in Figure 3.

•	 	N1 – Extreme North sector: small depth and hydrological 
influence of  the João Gualberto river sub-basin (largest 
area of  the hydrographic basin);

•	 	N2 – North sector; medium depth with low flow velocity 
and accumulation of  particles due to the presence of  an 
anticyclonic gyre;

•	 	CN1 – North Center sector: great depth and residual flow 
in the southern direction;

•	 	CN2 – North Center sector: small depth and residual flow 
in the South to North direction, with influence from the 
inlet channel(Canal da Barra);

•	 	C1 – Central Sector: low depth and dispersion forced by 
the contribution of  water from sector CN and the Canal 
da Barra;

Table 2. Distribution of  the number of  samples used to analyze 
the spatial and temporal tendency of  Lagoa da Conceição for each 
region: North, Center-North, Central and South. The months 
sampled and the number of  sampling stations per year of  study 
are given.

YEAR
Data per region Months

sampled
Sampling
StationsN CN C S Total

2001 7 3 10 12 32 5, 8, 9, 11 17
2003 8 8 8 8 32 6,7 17
2005 8 8 8 8 32 7 17
2007 4 4 13 11 32 4,5 16
2015 8 4 10 10 32 3,8,9 16
Total 35 27 49 49 160 4,5,6,7,8,9,11 83

Figure 3. Distribution of  the sampling points in the eight 
hydrodynamic sectors of  the lagoon.
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•	 	C2 – Central sector: great depth with low flow velocities 
and the presence of  an anticyclonic gyre that intensifies 
particle accumulation;

•	 	S1 – South sector: small depth and hydrological influences 
of  the most densely populated basins of  the hydrographic 
basin;

•	 	S2 – South Sector: great depth, low flow velocities and 
accumulation of  particles due to the presence of  an 
anticyclone gyre.

Data processing

The specific mass of  water was calculated for all samples 
using temperature and salinity data with the package of  routines in 
MatLab TEOS 10 (MCDOUGALL; FEISTEL; MILLERO, 2010).

In order to look at the homogeneity of  the water masses, 
the stratification index of  the water column was calculated by the 
difference between specific mass of  surface and bottom, according 
to Miranda, Castro and Kjerfve (2002).

The eutrophication process in the body of  water was 
estimated by the Trophic State Index, TRIX. The index proposed 
by Vollenweider  et  al. (1998) allows evaluating the nutritional 
status and anthropic impacts on bodies of  water. The TRX idex 
is calculated from Equation 1:

( ) ( )log(Chla .  aD%O .  N .  P a
TRIX

b
−  = 	 (1)

Where:
Chla. Chlorophyll-a [mg.m–3] as an objective way of  measuring 
the primary production of  phytoplankton;
aD%O. Dissolved oxygen as an absolute deviation [%] of  
saturation, as a way of  measuring the balance between production 
and respiration;
N. Dissolved inorganic nitrogen as N-(NO3

-2+NO2+ NH4
-) [µg/L] ;

P. Dissolved inorganic phosphorus as P-PO4
-3 [µg/L].

Parameters a and b are determined based on the scale of  
values of  the data. In this study the following were determined: 
a=–1.5 e b=2.

According to TRIX, estuarine waters can be classified 
by comparing bodies of  water with similar characteristics, or 
according to the values proposed by Penna, Capellacci and Ricci 
(2004) (Table 3).

Based on the results obtained using TRIX a clustering 
analysis was performed using the cluster complete linkage method 
to look at the dissimilarity of  the eight hidrodynamic sectors. 
The distinct groups were verified over time using the Kruskall‑Wallis 
test (p=0.05). The Kolmogorov-Smirnov and Wald-Wolfowitz tests were 
performed to corroborate the transition periods of  the trophic state.

In order to verify the effects of  eutrophication on the 
biogeochemical cycles, a multidimensional scaling analysis MDS) 
was performed, based on a similarity matrix of  the following 
variables: temperature, salinity, DIN, DIP, chlorophyll-a, pH and 
DO. The analyses were generated by the PRIMER statistical 
package (ANDERSON et al., 2008). Simple Pearson correlation 
analyses and Spearman’s nonparametric analyses were generated 

to look at the correlation between the physical-chemical and 
biological variables.

The relationship between the ecological variables was 
verified by the Principal Components Analysis (PCA), performed 
on all the data sampled, signaling the regions of  the lagoon and 
periods sampled.

RESULTS AND DISCUSSION

Spatio temporal evolution of  water column 
stratification

The central sector (C2) showed a significant difference 
from the other sectors, presenting a stratification of  the vertical 
structure of  the water column and a contrast with the other sectors 
that did not present stratification (Figure 4).

In general, lagoon stratification over time presented an 
increase both of  mean and of  variance (Figure 5).

Despite the gradual increase in the stratification index 
throughout the lagoon, the mean values presented a situation of  
absence of  vertical stratification. The increase of  variance is a 
consequence of  the data observed in sector C2, which provided 
a significant increase of  the index from 2005 onwards (Figure 6).

Beginning in 2005, stratification in sector C2 increased 
significantly (Kruskal-Wallis test, p=0.01), reaching an order of  
700% in 2015 (Figure 6). The post-hoc test for the data of  this 
sector (p<0.05) showed two distinct groups, one comprising 2001, 
2003 and 2005 and the other comprising 2007 and 2015, the latter 
period characterized as stratified. Stratification values observed 
for 2015 indicate the existence of  two distinct masses of  water, 
bottom and surface.

The stratification suffered a greater influence from the 
difference between surface and bottom than from temperature, 
as shown by Figures 7 and 8.

It is observed that the temperature varied uniformly in 
the water column during the years monitored, however there was 
increased bottom salinity and possible stabilization of  this value 
from 2005 to 2015. Likewise, a marked reduction in surface salinity 
in 2015 explains the high values of  the stratification index in that 
year. Kjerfve and Magill (1989) point out that vertical stratification 
in coastal lagoons is a phenomenon due mainly to hydrodynamic 
factors, where only slightly elevated flows can favor stratification 
in the water column (SMITH et al., 2000). In Lagoa da Conceição 

Table 3. Classification of  the trophic level according to the values 
of  the TRIX index.

TRIX Condições Estado Trófico

TRIX<2 Low nutrient concentration and 
primary productivity Oligotrophic

2≤TRIX>4 Moderate nutrient concentration 
and primary productivity Mesotrophic

4≤TRIX>6 High nutrient concentration and 
primary productivity Eutrophic

6≤TRIX>8 Very high nutrient concentration 
and primary productivity Hiper- Eutrophic
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Figure 4. Clustering according to the stratification index fo the hydrodynamic sectors of  Lagoa da Conceição using the complete 
linkage method and Euclidean distance.

Figure 5. Temporal evolution of  the stratification index in the entire lagoon over the period evaluated. From 2003 onwards a gradual 
increase was observed in the variance of  the stratification values.
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Figure 6. Evolution of  the water column stratification in sector C2 of  the lagoon, over the period evaluated.

Figure 7. Evolution of  the surface and bottom temperature in sector C2 for the period studied. The temperatures are homogeneous 
throughout the water column.
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there is little influence from the tide and slow residual velocity in 
sector C2 (GODOY, 2009), which favors stratification conditions.

Spatial temporal evolution of  the trophic state

Based on the cluster analysis (Figure 9) two groups were 
analyzed regarding the level of  eutrophication. The sectors under 
the influence of  the hydrological inflows to the North (Rio João 
Gualberto) – sectors N1, N2, CN1, CN2 and C1 – and the sectors 
influenced by the hydrological contribution of  the Center and the 
South - C2, S2 and S1. Sector S1 stood out because it presented the 
highest values of  the trophic index (eutrophic to hyper eutrophic). 
This can be explained by the great urban density of  the drainage 
basin located to the south, compared to the area of  the lagoon 
body, and the high residence time of  water in this sector, which is 
more than 30 days (FONSECA, 2004). In this region, the highest 
TRIX values were observed close to the hydrological discharge 
points (S1) and to the impoundment of  water close to the choking 
point where there is a connection to the central region (S2).

The TRIX values ranged from 1.6 to 5.6 indicating 
oligotrophic to hypereutrophic conditions. The trophic level values 
found in each sample are shown in Figure 10.

In the North region, the highest values of  TRIX are in sector 
N2, close to the mouth of  the main rivers of  the hydrographic 
basin. Hydrological discharges from João Gualberto river flow 
from north to south through the deep channel (CN1) (ODRESKI, 
2012; SILVA, 2013), presenting high TRIX values. On the east side, 
in CN2, the dilution caused by the residual return current close 

to the channel reduces nutrient concentration. Hence, due to the 
hydrodynamic characteristics, the North of  the lagoon presents 
a pattern defined by higher TRIX values to East and lower values 
to West. In the Central region the highest values are found in the 
proximity of  the channel which provides the connection to the 
South region, where an anticyclonic gyre occurs at C2, which 
favors the accumulation of  sediments and particulate materials 
at the bottom. This sector had various anoxic events during the 
period sampled.

Beginning in 2005, Lagoa da Conceição went from a 
mesotrophic to an eutrophic state (Kruskal-Wallis test, p=0.01). 
The Kolmogorov-Smirnov (p≤0.001) and Wald-Wolfowitz (p≤0.001) 
tests showed that the period from 2001 to 2005 remained stable 
with mean TRIX values around 2.8 (σ=0.46). From 2005 onwards, 
an increase in mean values was observed to 4.05 (σ=0.76) as 
shown in Figure 11.

The trophic index – TRIX has been effective in diagnosing 
the state of  eutrophication in various coastal lagoons (BRANDINI; 
FERNANDES, 1996; COELHO; GAMITO; PÉREZ-RUZAFA, 
2007; CAÑEDO-ARGÜELLES et al., 2012; COTOVICZ, 2013; 
ACQUAVITA et al., 2015). The results obtained by these authors 
showed that the index satisfactorily represented the variations 
found in the concentrations of  the dissolved forms of  nitrogen, 
and total phosphorus, of  the reduced forms of  nitrogen, of  the 
reduction of  dissolved oxygen concentrations and increased 
concentrations of  chlorophyll - -a.

In Lagoa da Conceição the concentrations of  dissolved 
inorganic nitrogen(DIN) and inorganic phosphorus (DIP) 
increased on the order of  10 times between the two periods 

Figure 8. Evolution of  surface and bottom salinity of  sector C 2 for the period studied. Beginning in 2005 there is a clear difference 
in the salinity values of  the surface and bottom.
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indicated (Figures 12). It should be underscored that the waters 
of  the North and Center North subsystem presented a greater 
increase for DIN, and those of  the South and Central subsystem 
presented a greater increase for DIP.

A 10-fold increase was found in the DIN and DIP values 
from the first to the second period, and the localities of  the North 
and Center North subsystem presented the greatest increase for 
DIN and the South and Central subsystems presented the greatest 
increase for DIP.

The increase in the reduced form of  nitrogen (ammoniacal 
N) is considered an indicator of  anthropic impact in various coastal 
bodies of  water around the world (NIXON, 1995; RABALAIS et al., 
2009, 2010). The values found for the ratio of  reduced form (NH4) 
to total dissolved inorganic form (DIN) increased gradually until 
2007, varying from 30% in 2001 to 90% in 2007 (Figure 13). A 
drop in these values was also observed in average terms in 2016, 
concomitantly to an increased variance. This shows a great change 
in the biochemical dynamics of  nitrogen in the body of  water. 
The contribution of  close to 80% of  the reduced form of  N for 
the total pool of  DIN was already observed in 2003, when the 
hydrographic basin population became greater than 30 thousand 
inhabitations (based on the population estimate done based on 
Campanario (2007). The year 2015 was a period characterized by 
the occurrence of  the El Niño phenomenon which brings more 
intense rainfall to the region of  the study. This may have favored 
the dilution of  the lagoon waters and also their oxygenation on 
the surface, stimulating the nitrification process.

Beginning with MDS there is a separation of  groups by 
sampling periods. Figure 14A presents the year of  collection on 
a gray scale, the letters indicate the period, the hydrodynamic 
sector and the location of  the samples in terms of  surface and 

Figure 9. Dendrogram of  the trophic index (TRIX) for the period sampled in the eight hydrodynamic sectors.

Figure 10. Results obtained from TRIX for the sampling points 
throughout Lagoa da Conceição during the period evaluated.



RBRH, Porto Alegre, v. 22, e10, 2017

Space time evolution of  the trophic state of  a subtropical lagoon: Lagoa da Conceição, Florianópolis Island of  Santa Catarina, Brazil

bottom for the stratified localities (Central). The graph shows that 
the variables concerning the samples of  the mesotrophic period 
are grouped more cohesively in the upper portion f  the graph 
(horizontal dotted line). The samples of  the eutrophic period 
form more dispersed groups evidencing the more heterogeneous 
character of  the lagoon in the second period. The groups formed 
from 2007 onwards show a sectorization of  the lagoon, and the 
samples from the south and the bottom of  the Central sector 
(anoxic zone) are more evident. The latter is highlighted in the 
graphs by the dotted globe.

The dispersion of  the data during the second period 
evidences the increase in chlorophyll-a and the reduction of  the 
DO levels (Figure 14B, C). This suggests a change in the nutrient 

cycle and a deficiency of  the body of  water in depurating organic 
matter and nitrification, which could be corroborated by the 
increase in reduced forms of  nitrogen (Figure 13). Hypoxia and 
anoxia events induced by eutrophication processes are documented 
for coastal bodies of  water worldwide (RABALAIS et al., 2010).

The inverse relationship (R=–0,20, p<0.05) between the 
DO concentration and density of  the lagoon water indicates that 
the DO concentrations diminished as the specific mass of  water 
density increased, which reached higher values in the bottom 
waters of  the Central sector.

Recently, Diaz and Rosenberg (2008) compiled 400 coastal 
systems worldwide that presented periodical or permanent anoxic 
events, including Conceição Lagoon in the study. In Brazil various 

Figure 11. Temporal evolution of  the TRIX values for Lagoa da Conceição during the monitored period. The arrow shows the 
significant increase of  the trophic level from 2007 onwards.

Figure 12. DIN and DIP concentration in Lagoa da Conceição, (A) Values observed in 2001, 2003 and 2005 referring to the mesotrophic 
period; (B) Values observed in 2007 and 2015 (eutrophic period). The dashed line that delimits the area of  the graph that represents 
the concentrations observed in the mesotrophic period is highlighted.
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coastal lagoons presented hypoxic to anoxic events and the intensity 
of  these events is determined by the degree of  anthropic pressure, 
time of  residence of  the water and also by natural phenomena such 
as coastal resurgences (BRICKER et al., 1999; RABALAIS et al., 
2010; RABALAIS et al., 2009; FERRERA et al., 2005; COSTA; 
BARLETTA, 2016).

The separation between the mesotrophic and eutrophic 
periods was also correlated to the increase of  phytoplankton 
biomass, which may be considered an indication of  increased 
primary production. The non parametric correlation of  Spearman 
between chlorophyll-a and DIN was 0.47 (p<0.05), evidencing 
the increase of  the microalgal biomass based on environmental 
enrichment by nitrogen.

EFECTS OF EUTROPHICATION ON THE 
BIOGEOCHEMICAL CYCLES

The first principal component of  the PCA presented an 
eigenvalue of  1.8 approximately accounting for 30% of  the total 
data variance. The second component presented an eigenvalue of  
1.5 acountinig for 25% of  the data variation. The first component 
presents a negative correlation with the DO concentration and 
positive correlations with NH/DIN and DIP (Table 4), showing 
that it is the component that represents the organic matter 
mineralization process. This results in an increment of  the 
concentrations of  dissolved nutrients, in the case of  nitrogen in 
the form of  the ammoniacal N (sanitary effluent) and a reduction 
in the concentrations of  dissolved oxygen.

The second component presents a significant correlation 
with DIN, Chlorophyll and an inverse correlation with the specific 
mass of  water, indicating that it is the component that represents 
primary production, obtaining greater values on the surface of  
the water column, there the greatest incidence of  light occurs.

Beginning with PCA, a spreading of  the data is observed in 
the first and second principal component (Figure 15). In the first 
component (mineralization), the Central and South regions are 
identified, and have the highest TRIX values related to the input 
of  nutrient loads via domestic sewage. In the second component 
(primary production), the outstanding sectors are North and 
Center North. The samples of  the first period, mesotrophic, are 
located at the Center of  the graph, which means that there was 
less variability among data, as was observed in MDS.

Lagoon eutrophication has been documented as an effect 
of  human population growth in urban centers with a deficient 
domestic effluent treatment system, provoking environmental 
impacts including: anoxia and hypoxia (SMITH  et  al., 2000; 
RABALAIS et al., 2009, 2010) proliferation of  toxic algae and 
death of  aquatic organisms (WITEK; PLINSKI, 2000; FAUST; 
GULLEDGE, 2002; HEILEMAN; GASALLA, 2004; GASALLA; 
ROSSI-WONGTSCHOWSKI, 2004; GLIBERT et al., 2005) loss 
of  batheability and increased waterborne diseases (FREITAS DE 
MAGALHÃES et al., 2001; RODRIGUES; LORENZZETTI, 
2001; RODRIGUES  et  al., 2016); reduction of  biodiversity 
(BRICKER  et  al., 1999; CLOERN, 2001; GLIBERT  et  al., 
2010). These impacts are found in various Brazilian lagoons 
(SMITH et al., 2000; SANTORO; RICCI; ENRICH-PRAST, 2012; 
COTOVICZ, 2013), including Lagoa da Conceição as reported 
in the present study.

Figure 13. Proportional increase of  the reduced forms of  nitrogen in Lagoa da Conceição during the period evaluated.
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Figure 14. MDS of  environmental parameters for the period (from 2001 to 2005) The letters indicate the period, the hydrodynamic 
sector and the location of  the samples in terms of  surface and bottom for the stratified localities (Central). The dashed line separates 
the two periods, the first (P) mesotrophic period and the second (S) eutrophic. The circle contains the bottom samples of  the central 
region of  the lagoon in the second period. (A) In gray scale represents the year of  collection; (B) In scale of  sizes for dissolved oxygen 
concentration (mg.L-1); (C) In scale of  size for concentration (µg.L-1) of  Chlorophyll-a, where: NP – North First Period; NS- North 
Second Period; CNP- Center North First period; CNS- Center North Second Period; CSP- Central Surface First Period; CFP- Central 
Bottom First Period; CSS- Central Surface Second Period; CFS- Central Bottom Second period; SP- South First period; SS- South Second.
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POPULATION GROWTH IN THE 
HYDROGRAPHIC BASIN

It has been proved that the growth of  urban areas associated 
with the ineffectiveness of  sewage treatment system can accentuate 
and speed up eutrophication processes (COELHO; GAMITO; 
PÉREZ-RUZAFA, 2007). According to the population study by 
Campanario (2007), population growth at Lagoa da Conceição 
was on average 6.3% a year during the period from 2001 to 2015. 
Considering this value and the estimated population in 2000 for 
the hydrographic basin of  Lagoa da Conceição as 27,432, based on 
IBGE data (FONSECA, 2006), it is found that the change in the 
trophic state of  the system in 2007 occurred when the population 

reached approximately 42 thousand. The population growth in the 
basin is four times greater than the mean rate of  population growth 
in the state of  Santa Catarina, which is 1.5% a year (IBGE, 2010). 
Estimates performed for the Municipality of  Florianopolis indicate 
a continuous growth of  urbanization at rates of  11% a year until 
2020, stabilizing only in 2050 (CAMPANARIO, 2007). Moreover, 
according to the Integrated Municipal Plan for Basic Sanitation 
(PMISB-Plano Municipal Integrado de Sanemento Básico), the 
fraction of  the population served by the sanitary sewerage system 
is only 15% for the hydrographic basin of  Lagoa da Conceição 
(MPB ENGENHARIA, 2008). Planning and control of  this urban 
growth, both in areas where the basin is used, and in population 
density are a very important factor in containing and preserving 
the lagoon and the services offered by this ecosystem, such as 
maintaining biodiversity, fishing and leisure activities.

CONCLUSION

The results of  the present study point to a major change 
in the trophic state of  Lagoa da Conceição in the last 15 years. 
The trophic state index (TRIX) enabled the detection of  changes 
from oligo-mesotrophism to eutrophism, beginning in 2007. 
The smaller concentrations of  dissolved oxygen segregated the 
bottom samples of  the Central region of  the lagoon from the 
others, evidencing the effect of  physical stratification of  the 
water column in isolating this bottom water. The rapid process of  

Figure 15. Analysis of  principal components for all data segregated by locality and sampling period. The data were signaled by period 
sampled – Period 1 mesotrophic (2001 to 2005) and period 2 eutrophic (2007 and 2015) – and by lagoon sectors (N, CN, C, S).

Table 4. Correlation of  the specific mass of  water and the 
concentrations of  nutrients, nitrogenates (DIN) and phosphatics 
(DIP), of  dissolved oxygen and phytoplankton biomass with 
components 1 and 2 of  the PCA.

Variables Component 1 Component 2
NH/DIN 0.496 –0.367
DIN 0.306 0.556
DIP 0.421 0.051
Chlorophyll- a 0.363 0.519
DO –0.423 –0.054
Specific Mass 0.416 –0.531
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anthropic eutrophication significantly influenced the ecosystem 
metabolism, and became heterotrophic in the Central and South 
regions. The increase in reduced forms of  nitrogen shows the lack 
of  capacity of  Lagoa da Conceição to process the changes in the 
biogeochemical cycle of  nitrogen imprinted by urban advance. 
Among the lagoon sectors most affected by the high loads of  
nutrients discharged are subsystem S1 (South region) which 
presented an eutrophic and hyper eutrophic state, and subsystem 
C2 (Central region) which presented hypoxia and anoxia in the 
bottom waters. The results obtained show the need to implement 
continuous monitoring plans that will allow accompanying the 
biogeochemical dynamics in Lagoa da Conceição, providing further 
information for impact control and mitigation.
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