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1. Introduction

Cladocera (Crustacea, Branchiopoda) is an important 
group of zooplankton (Silva and Perbiche-Neves 2017; 
Debastiani-Júnior, et al., 2016), although it is not always the 

most abundant throughout the year, on some occasions it 
may stand out in numerical importance and thus contribute 
to top-down control because it is a herbivorous group 
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Resumo
Os cladóceros representam um importante grupo de zooplâncton, devido ao seu destaque sazonal em termos de 
abundância e à sua contribuição no controlo da produção primária (fitoplâncton). Em escala global, há poucos estudos 
com Cladocera em ambientes hipersalinos. O presente trabalho tem como objetivo avaliar a variação espaço-temporal 
da assembleia de Cladocera em um gradiente de salinidades da Lagoa de Araruama. As amostras foram coletadas em 
meses aleatórios, durante um período de quatro anos, em 12 estações fixas na Lagoa de Araruama, utilizando uma 
rede de plâncton WP2 equipada com um fluxômetro. Os nossos resultados não revelam uma influência significativa 
da maré e da variação sazonal como fatores que afetam a assembleia de Cladocera. Cinco espécies de Cladocera foram 
encontradas na Lagoa de Araruama. A assembleia apresentou maior densidade absoluta estações 12 e 11, atingindo 
uma a média de 1.799 ± 3.103 inds-3. A média do Índice de Diversidade de Shannon foi de 0,45 ± 0,2. As espécies 
que se destacaram em termos de frequência e abundância foram: Penilia avirostris (frequência de ocorrência: 71%), 
seguida de Pseudevadne tergestina (41%). As mesmas espécies também se destacaram em termos de abundância 
relativa Penilia avirostris (87%) e Pseudevadne tergestina (11%). A ausência de Cladocera nas partes mais interiores 
da lagoa sugere que a sua entrada nestes locais é possivelmente inibida pela salinidade e gradiente de temperatura 
da lagoa, sendo os principais fatores que influenciam a dinâmica da assembleia de Cladocera.
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(Sommer and Sommer, 2006). However, Cladocera can 
also feed on other organisms, such as bacteria (Hayashi-
Martins et al., 2017).

In a marine environment the Cladocera Penilia avirostris 
Dana, 1849 is one of the most abundant zooplankton 
species in tropical, subtropical and temperate waters 
(Rose  et  al.,  2004), while the species Evadne spinifera 
P.E. Müller, 1867, Pseudevadne tergestina Claus, 1877, 
Pleopis  polyphemoides (Leuckart, 1859) and Pleopis 
schmackeri (Poppe, 1889) are also common in tropical 
regions (Ramirez, 1981; Monteiro-Ribas et al., 2013). In 
addition to food availability, temperature and salinity 
are some of the main factors that may affect the spatio-
temporal distribution of zooplankton (Wooldridge and 
Deyzel, 2009; Monteiro-Ribas et al., 2006).

The Araruama Lagoon is located in the state of Rio de 
Janeiro, Brazil and presents a high salinity, and a low depth 
(1.2 to 5.9 meters). Hypersaline environments with salinity 
between 41 and 50 are generally characterized by low 
richness and low abundance of the zooplankton community 
(Buskey et al., 1998). In these environments few species can 
survive due to high salinities. Currently, the Araruama lagoon 
presents salinity between 42 and 53, (Rosa et al., 2016) 
however, salinities twice the values registered in the sea 
have already been reported (Coutinho et al., 1999). Both 
depth and salinity are known to limit other organisms such 
as fish fingerlings, which generally present a preference 
for locations with milder salinity and places with greater 
depths (Castro et al., 1999; Rosa et al., 2016).

In addition to the high salinity, another factor observed 
in the Araruama lagoon is the input of untreated domestic 
sewage from the municipalities around the lagoon (Pereira, 
2007). The entry of sewage into the lagoon has caused a 
decrease in salinity (Rosa  et  al.,  2016) and an increase 
in nutrients (Souza  et  al.,  2003). Therefore, the lagoon 

turned into a eutrophic environment, which can affect 
fisheries, salt extraction and tourism (Pereira, 2007). 
The Araruama Lagoon is an important environment since 
it is one of the largest hypersaline lagoons in the world 
(Coutinho et al., 1999) and may help to better understand 
the effects of salinity on the Cladocera assemblage. 
The present study aims to evaluate the spatio-temporal 
variation of the Cladocera assemblage across salinity 
and temperature gradients in the Araruama Lagoon. 
We hypothesized that: 1) low Cladocera density would 
occur in places where the lagoon’s salinity and temperature 
are higher than the sea’s; 2) spatial and temporal variation 
would occur, correlated with temperature and salinity.

2. Material and Methods

2.1. Study area

The Araruama lagoon is located between the latitudes of 
22°40’ and 22°57’ S and longitudes of 42°00’ and 42°23’W 
(Figure 1). It is a 210 km2 ecosystem (Castro et al., 1999) 
connected to the sea by the Itajuru channel, and extends 
over five municipalities, Araruama, Arraial do Cabo, Cabo 
Frio, São Pedro da Aldeia and Iguaba. Since the decade of 
the 80s, the Araruama Lagoon has been suffering from 
sewage discharge (Pereira, 2007), caused by the increase 
of visitors in summer (approximately five times the 
normal population of the region) and by the growth of 
the resident population of Araruama and the neighboring 
cities (Coutinho et al., 1999).

2.2. Sampling

Salinity, temperature, Cladocera abundance and 
composition were obtained at 12 strategic sites along 

Figure 1. Map of the Rio de Janeiro state coast highlighting the 12 sampling stations in Araruama lagoon.
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the shore of the lagoon: 1- Excursionistas, 2- Araruama 
Centro, 3- Barbudo, 4- Acaíra, 5- Iguaba Grande, 6- São 
Pedro d’Aldeia, 7- Monte Alto, 8- Boqueirão, 9- Area 2, 10- 
Siqueira, 11- Palmeiras, 12- Boca da Barra (Figure 1 and Table 
1). Sub-surface salinity and temperature were measured 
with a refractometer and a portable oximeter (Hanna 
HI9146-04), respectively. Further details on temperature 
and salinity can be found in Rosa et al. (2016). Samples 
were collected in random months over a period of four 
years (2010 to 2013). It was not possible to standardize 
the tide at the sampling moments, which ranged between 
ebb and flood, but all collections were performed in the 
morning (Table 2). A total of seventeen collections were 
conducted, obtaining a total of 144 samples of zooplankton 
by means of horizontal surface hauls with 200 μm mesh 
nets each with a 60 cm diameter opening and fitted with 
a flowmeter (in 2010 and 2011 there were no collections 
in station 9 and 10). Immediately after their collection, 
samples were fixed in a 4% formalin solution diluted in 
water from the lagoon and previously neutralized with 
sodium tetraborate. In the laboratory, all the samples were 
sub-sampled with a Stempel pipette. The qualitative and 
quantitative analyses of the zooplankton samples were 
performed at the lowest possible taxonomic level, using 
a stereomicroscope. Identification and species ecology 
were based on the works of Boltovskoy (1981, 1999). 
The density of Cladocera taxa was expressed as the number 
of individuals per cubic meter (ind m-3).

2.3. Data analysis

The Cladocera assemblage was evaluated using the 
results of density (Cladocera.m-3), relative abundance 
(%), frequency of occurrence (%) and diversity indices. 
Diversity indicators were used to detect possible variations 
in the composition and structure of the assemblage: 

Shannon-Wiener Diversity Index (H’) and Equitability 
(J’). The representative dendrogram of the cluster analysis 
(Group Average) was carried out with the data of the 
density of the species present in the samples. The data 
were log transformed (log (x+1)) to minimize the 
influence of the most abundant species (Field et al., 1982). 
The similarity percentages breakdown (SIMPER) procedure 
(Clarke and Gorley, 2015) was used to assess the average 
percent contribution of individual variables (species) to 
the dissimilarity between sampling events at different 
stations, based on a Bray-Curtis dissimilarity matrix. 
In  this analysis, a correlation matrix was used and the 
axes were selected according to the Broken Stick Model 
criteria (Legendre and Legendre, 1998). Also, an analysis of 
variance (Two-Way ANOVA) with tidal variation (flood and 
ebb) and season (spring, summer, autumn and winter) was 
performed to evaluate the spatial and temporal variation 
of the environmental variables. Finally, we used a linear 
correlation to investigate the temporal variation in the 
relative abundance of Cladocera in relation to temperature 
and salinity.

3. Results

Within the study period, temperature showed an 
overall average of 27 ± 2.7  °C. Temperature ranged in 
the area from 21 °C in October 2010 (station 12) to 32 °C 
in January 2010 (station 8). Salinity showed an overall 
average of 45 ± 5.5 and ranged from 36 in December 
2013 (station 12) to 53 in February 2010 and June 2013 
(stations 1, 3, 4, 6, 7 and 8) (Figure 2). The result of the 
Two Way ANOVA test showed a significant temperature 
variation throughout the different seasons (F=59.44; 
p=8.65e-12) and time (F= 126.26; p=<2e-16) (Figure 3 
and Table 3). The result of the Two Way ANOVA test also 

Table 1. Latitude, longitude, and station depth over the data collection period.

Stations 1 2 3 4 5 6

Latitude 22°53’10 22°54’56 22°50’47 22°51’10 22°53’42 22°52’42

Longitude 42°06’08 42°05’38 42°06’44 42°12’15 42°14’17 42°17’15

Depth/meters 2.3 1.4 2.2 3.7 5.9 3.4

Stations 7 8 9 10 11 12

Latitude 22°53’19 22°54’19 22°4’37 22°52”32 22°52’6 22°53’6

Longitude 2°19’27 42°21’34 42°4’44 42°3’26 42°2’15 42°0’18

Depth/meters 2.1 1.2 1.2 1.0 2.0 3.5

Table 2. Tidal variation during the study.

Month/Year Feb.10 Mar.10 May.10 Jun.10 Jul.10 Oct.10 Nov.10 Dec.10

Tide flood flood flood flood flood ebb ebb ebb

Month/Year Jan.11 Feb.11 Mar.11 Oct.12 Dec.12 Mar.13 Jun.13 Dec.13

Tide flood ebb ebb flood flood flood flood flood
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showed a significant salinity variation throughout the 
different seasons (F=5.816; p=4.46e-07) and time (F=8.678; 
p=0.00408) (Figure 4 and Table 4). The Cladocera were 
present only in stations 11 and 12 where they reached an 
average of 1799 ± 3103 ind. m-3 (the presence of Cladocera 
was not registered in any other station than 11 and 12). 
No significant differences in cladecera abundance were 
found when comparing different tides in Araruama lagoon 
(Table 5). During the study period a total of 3 families and 
5 taxa of Cladocera were identified and registered: Penilia 
avirostris, Pseudevadne tergestina, Evadne spinifera, Pleopis 
polyphemoides and Pleopis schmackeri. The Cladocera 
density showed a high seasonality, with average values 

of 53 ± 321 ind. m-3 and ranging from 0 to 4,575 ind. m-3 
with peaks occurring in autumn, summer and winter 
(Figure 3). The linear regression showed no significant 
results between temperature (r = -0.3930; p = 0.2063) and 
salinity (r2 = 0.0243; p = 0.6283) in relation to the Cladocera 
density. Our results do not reveal significant influence of 
the tide and seasonal variation as factors affecting the 
Cladocera assemblage (ANOVA), tide (F=1.807, P=0.219), 
seasons (F= 0.465, P=0.714) and interaction between tide 
and seasons (F= 0.690, P=0.526) (Figure 4 and Table 3). 
Penilia avirostris presented the highest relative abundance 
(87%) (with an average of 52 ± 688 ind. m-3) and frequency 
of occurrence (71%) among all the Cladocera species found 
during the sampling period. The richness ranged from 1 
(June, July, November 2010; January, February and March 
2011; February, March and June 2013) to 4 (February 2010) 
(Figure 5). Shannon diversity ranged from a minimum of 
0.24 in February 2010 to a maximum of 0.64 in May 2010 
with an average of 0.48 ± 0.13 bits.ind-1. The equitability 
varied from a minimum of 0.2 in February 2010 (summer) 
to a maximum of 0.9 in December 2013 (summer) with 
an average of 0.51 ± 0.22 (Table 6). The cluster analysis 
of the monitored stations as a function of the space-time 
variation of the zooplankton showed three groups. Group 
A was very homogeneous because it was formed only by 
samples of flood tides in winter. The most heterogeneous 
Group B was composed of ebb and flood tide samples in 

Figure 3. BoxPolt of temperature presented from means and 
standard deviation, spatial variation (A) and temporal variation (B).

Figure 4. BoxPolt of salinity presented from means and standard 
deviation, spatial variation (A) and temporal variation (B).

Figure 2. TS-diagram. At the 12 collection stations.
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C and A was 98.12%. The species that most contributed 
to this were: Penilia avirostris (82.56%) and Pseudevadne 
tergestina (95.29%). The dissimilarity between Groups C 
and B was 89.75%. And the species that contributed were: 
Penilia avirostris (83.09%) and Pseudevadne tergestina 
(95.71%). The dissimilarity between Groups A and B was 
(95.19%). The species that contributed were: P. avirostris 
(61.74%) and E. spinifera (99.33%).

winter, summer and autumn. Group C was the largest and 
composed by 90% of flood tide samples, but seasonality 
intervals were found in all stations (Figure 6). In Group A 
the similarity was 47.06 with the highest contribution of 
E. spinifera (100%). In Group B the similarity was 42.32 with 
the highest contribution of P. avirostris (99.39%). In Group 
C the similarity was 46.39 with a large contribution from 
P. avirostris (93.47%). The dissimilarity between Groups 

Table 3. Comparison of temperature in different collection stations and seasons in Araruama Lagoon. From the ANOVA statistical test. 
Df (degrees of freedom); Sum of sq (Sum of squares); Mean Sq (Mean of squares); F value (value on the F distribution); Pr(>F) (p-value 
for F statistics).

ANOVA Df Sum Sq Mean Sq F value Pr(>F)

Months 12 1.0907 0.09089 126.26 <2e-16***

Season 1 0.0428 0.04278 59.44 8.65e-12***

Months vs Season 12 0.0731 0.00609 8.46 6.53e-11***

Residuals 102 0.0734 0.00072

Table 4. Comparison of salinity in different collection stations and seasons in Araruama Lagoon. From the ANOVA statistical test. Df 
(degrees of freedom); Sum of sq (Sum of squares); Mean Sq (Mean of squares); F value (value on the F distribution); Pr(>F) (p-value 
for F statistics).

ANOVA Df Sum Sq Mean Sq F value Pr(>F)

Months 1 112.7 112.70 8.678 0.00408**

Season 11 830.9 75.54 5.816 4.46e-07***

Months vs Season 11 1313.0 119.37 9.191 6.90e-11***

Residuals 92 1194.9 12.99

Table 5. Comparison of cladocera abundance in different tides and seasons in Araruama Lagoon. From the ANOVA statistical test. Df 
(degrees of freedom); Sum of sq (Sum of squares); Mean Sq (Mean of squares); F value (value on the F distribution); Pr(>F) (p-value 
for F statistics). 

Df Sum Sq Mean Sq F value Pr(>F)

Tide 2 15.56 7.830 1.807 0.219

Season 3 6.04 2.014 0.465 0.714

Tide vs Season 2 5.98 2.991 0.690 0.526

Waste 9 39.00 4.334

Table 6. Rich (S) Equitability (J’) and Diversity of Shannon index (H’), from the Cladocera assemblage of Araruama Lagoon (Only stations 
11 and 12 presented results because Cladocera was not found in the other stations).

Months and Years Sample S J’ H’ (loge)

Feb.2010 12 4 0.3004 0.4165

Feb.2010 11 3 0.2267 0.2491

Mar.2010 12 3 0.3973 0.4365

Mar.2010 11 3 0.3483 0.3826

May.2010 12 3 0.5878 0.6458

Dec.2010 12 3 0.5463 0.6002

Dec.2010 11 2 0.8454 0.586

Feb.2011 12 3 0.4805 0.5279

Jun.2013 12 2 0.4798 0.3326

Dec.2013 12 2 0.9171 0.6357
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4. Discussion

Cladocera showed a spatial distribution limitation, 
found only in the two stations closest to the sea where the 
salinity and temperature of the lagoon is more similar to 
the sea (Rosa and Batista, 2020). Although the gradient of 
salinity and temperature showed no significant correlation 
to Cladocera abundance, no individuals were encountered 
in stations where salinity and temperature were higher. 
These results corroborate with the study by Rosa et al. 
(2020), which shows a decrease in the density and richness 
of the zooplankton community in the inner parts of the 
lagoon. In the temporal variation, salinity and temperature 
varied little over the years, therefore, this variation of 
Cladocera seems to be more related to seasonality (present 
or absent) (Sommer and Sommer, 2006).

The absence of Cladocerans in the internal stations of the 
lagoon may be associated with high salinity. Although the 
linear regression did not show significant results due 
to the low frequency of occurrence of the group, this 
hypothesis cannot be discarded, since this group may 
not be able to maintain osmotic regulation in hypersaline 
environments (Rosa et al., 2016; Coutinho et al., 1999). 
The study conducted by Rosa et al. (2016) in Araruama 
lagoon, reported that fish larvae and eggs may be under 
osmotic stress, especially in places where salinity is higher. 
This stress may also be occurring within the Cladocera 
in the innermost stations (station 1 to 10), causing 
mortality of individuals of different species of Cladocera. 
Coutinho et al. (1999) showed that the low plankton density 
in the Araruama lagoon is correlated with the increase of 
the salinity that influences the planktonic community.

The average temperature of the lagoon recorded 
in this study is quite high when compared with other 
Cladocera studies (Rose  et  al. 2004; Miyashita  et  al. 
2011; Baker, 1938; Ramirez, 1981). However, high 

Figure 6. Cluster analysis (Bray Curtis Similarity) of the stations sampled (stations 11 and 12 in front of the date, followed by the month 
number and then supporting the year) during the monitoring of the Araruama lagoon aquatic biota, in function of the zooplankton 
assemblage richness and abundance.

Figure 5. Cladocera Assemblage of Araruama Lagoon from January 
2010 to December 2013. Stations 11 and 12 with different scales. 
E. spinifera (black and white lines arranged laterally); P. tergestina 
(black with small white spots); P. avitostris (vertical black and white 
lines); P. polyphemoides (chess pattern); P. sckmackeri (black and 
white lines waved horizontally).
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other works; by Monteiro-Ribas et al. (2013) in Rio das 
Ostras, Rio de Janeiro.

The results show that the tide has no significance in the 
Cladocera assemblage. In estuaries, the higher density is 
influenced by the tide, revealing a zooplankton community 
with greater diversity at high tide (Melo  et  al.,  2008). 
In  a certain way, when the tide is full, the salinity 
decreases (Rosa  et  al.,  2016) and this is a factor that 
influences the density of the Cladocera assemblage 
(Della Croce and Venugopal, 1972; Marazzo and Valentin, 
2004). However, the present study did not find similar 
results, probably due to the seasonality of the Cladocera 
assemblage, being absent even at high tide conditions 
in most stations.

Finally, another factor that may be affecting the 
entry of Cladocera into the inner part of the lagoon is 
the discharge of sewage in natura (Carvalho et al., 2014), 
because the study of Elmoor- Elmoor-Loureiro (2004) 
indicates that contamination by toxic agents occurs. 
A polluted environment can have a low food quality, 
i.e. many cyanobacteria and few diatomaceae, as for 
example occurs in the Pitanguinha Lagoon which is also 
a hypersaline lagoon located in the state of Rio de Janeiro 
(Silva et al., 2005).

5. Conclusions

The salinity and temperature of the lagoon seem to be 
the factors that influence the dynamics of the assemblages 
in terms of spatial variation, acting as a barrier preventing 
the entry of Cladocera in the inner parts of the lagoon 
where these environmental parameters present higher 
values than in the sea. In terms of temporal variation, 
salinity and temperature do not seem to be the main 
environmental parameters that influence the dynamics 
of the Cladocera assemblage, as they varied little over 
the years. Therefore, more research is required on the 
possible impacts of other factors (such as anthropogenic 
effects) that might be influencing the Cladocera of this 
hypersaline lagoon.
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