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ABSTRACT

The effects of a disturbance by sandbank opening on the fish fauna community were evaluated
through a long-term study in the Imboassica coastal lagoon, Rio de Janeiro State, Brazil. The fish and
salinity samples were conducted between 1993 and 2004, with the goal of characterizing the structure and
effects of four sandbank openings on this community, such as resilience and resistance measurements.
During three sandbank openings, between the years of 1993 and 1996, the resilience time of the fish
community could not be identified due to the short time period between openings, their magnitude and
the discontinuity of the fish sampling. Monitoring studies previously conducted between 1993 and 2004,
indicated that factors structuring the fish fauna of Imboassica lagoon are due to salinity fluctuations,
influenced by the sandbank openings to which this environment is subjected. These events were indicated
by the recolonization of primary freshwater species, oligohaline salinity values, and small variations
in the composition and abundance on the fish community. Due to the magnitude and frequency of the
disturbance, the ichthyic populations available that enter the lagoon from the adjacent ocean plus the
resistance of this environment to salinity variations, determined the resilience and resistance of the fish
fauna in the Imboassica lagoon. Thus, the resilience of the fish fauna in this lagoon was indicated in
groupings of: a) Spearman probability values lower than 0.05 between the pairs of communities pre and
post-disturbance; b) presence of freshwater species that indicate resilience; c¢) salinity values varying
between 0 and 5; and d) small alterations in the abundance of fish populations.
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RESUMEN

Indicadores de la influencia de salinidad en la resistencia y resiliencia de la ictiofauna
en laguna costera tropical (sudoeste de Brasil). Los efectos del disturbio de cuatro aberturas de la
barra de arena en la laguna costera Imboassica, localizada en el municipio de Macaé, estado de Rio de
Janeiro, Brasil, en la comunidad de peces fueron evaluados en un estudio a largo plazo. Entre los afios
1993 y 2004, colectas de peces y valores de salinidad fueron obtenidos con el objetivo de caracterizar
la estructura y los efectos de las aberturas de barra sobre esta comunidad, como medidas de resiliencia
y resistencia. Durante las aberturas de la barra realizadas entre los afios de 1993 y 1996, el tiempo de
resiliencia de la comunidad no fue identificado debido a los cortos intervalos de aberturas, a la magnitud
del disturbio y a la discontinuidad de los muestreos de peces. Estudios realizados entre 1993 y 2004
indicaron que los factores que estructuran la ictiofauna de la laguna Imboassica son consecuencia de las
variaciones de la salinidad, influenciadas por las aberturas de la barra a que este ambiente es sometido.
Estos eventos fueron indicados por la recolonizacién de las especies primarias de agua dulce, valores de
salinidad oligohalinos y bajas alteraciones en la composicién y abundancia de la comunidad de peces.
Debido a la magnitud y frecuencia de los disturbios, las poblaciones evaluadas de peces que entran en
la laguna provenientes del océano adyacente, mds la resistencia de este ambiente a las variaciones de
salinidad, determinan la resiliencia y resistencia de la fauna de peces en la laguna. Asi, la resiliencia de
la fauna ictica en la laguna Imboassica fue indicada por el conjunto de: a) valores de probabilidad de
Spearman menores de 0.05 entre los pares de comunidades pre y pos disturbio; b) presencia de especies de
peces de agua dulce indicadoras de resiliencia; c¢) intervalos de salinidad variando entre 0 y 5; y d) bajas
alteraciones en la abundancia de las poblaciones de peces.

PALABRAS CLAVE: Disturbio, Comunidad de peces, Laguna costera, Brazil.

INTRODUCTION

In coastal lagoons and estuary systems in general the effects of seasonal
fluctuations of abiotic factors on communities are important sources of variations
(Longhurst and Pauly, 1987).These seasonal fluctuations affect, primarily, the
composition and abundance of species, imposing cyclic and non-cyclic modifications
(Ricklefs, 1973; Lowe McConnell, 1987). Although the composition and abundance
of species varies in time and space, Livingston (1976) declares that the basic structure
of estuarine and coastal lagoons fish communities is stable, or, at least, predictable.
This means that there is a spatial distribution and abundance pattern of species that is
stable in time or predictable regarding seasonal fluctuations of abiotic factors in the
system. Disturbances in the environment and the area history can lead to long-term
temporal variations, reflecting certain aspects of the distribution patterns exhibited
by some species (Barrela and Petrere Jr., 1993). The characterization of variations
in ichthyofauna compositions in coastal lagoon systems, such as local displacements
of resident species or certain migratory fluxes, are important to distinguish these
natural movements from others, caused by environmental alterations of antropic
origin (McErlean et al., 1973).
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The severing of the sandbank that separates a lagoon from the adjacent sea,
commonly known as a sandbank opening, represents, in the case of environments
identified as “isolated lagoons” (Esteves, 1998), a short period of disturbances. These
events cause sudden changes, especially in the physical structure of the lagoon and
in salinity values, which alter the structure of the communities (Esteves, 1998; Frota
and Caramaschi, 1998; Saad et al., 2002; Kozlowsky-Suzuki and Bozelli, 2004,
Santangelo et al., 2007). The effects of this disturbance in biotic and abiotic factors
were amply documented in coastal lagoons of Africa (Albaret and Ecoutin, 1989),
Australia (Pollard, 1994; Griffiths, 1999), Mexico (Yafiez-Arancibia and Nugent,
1997) and Brazil (Kozlowsky-Suzuki ez al., 1998; Mello and Suzuki, 1998; Suzuki
et al., 1998; Saad et al., 2002; Caramaschi et al., 2004; Kozlowsky-Suzuki and
Bozelli, 2004; Santangelo et al., 2007).

The Imboassica lagoon, located in the municipality of Macaé (Rio de
Janeiro State — southeastern Brazil), is subject to eventual contacts with the
Atlantic Ocean, artificially caused by human intervention (Frota and Caramaschi,
1998), consequently causing variations in biotic and abiotic factors (Branco, 1998;
Petrucio, 1998; Santangelo, 2002; Meirelles-Pereira, 2003; Caramaschi et al., 2004;
Kozlowsky-Suzuki and Bozelli, 2004). Particularly regarding the ichthyofauna,
during artificial sandbank openings alterations in the composition and abundance
of young, adults and larvae that inhabit this lagoon were registered (Frota, 1998;
Soares, 1998, 2004; Saad et al., 2002; Caramaschi et al., 2004). These changes were
influenced mainly by salinity, turbidity, and water temperature variations, which
stimulated the entrance of estuarine-dependent fish species and the migration and
death of freshwater fish (Frota and Caramaschi, 1998; Caramaschi et al., 2004),
revealing an unstable taxocenosis. This type of disturbance leaves coastal lagoons
permanently closed in conditions of constant ecological instability, since they
interrupt the process of natural succession.

Therefore, identifying the sandbank openings as an opportunity to test the
effects of this disturbance in the structure of the fish community, the present study
evaluated the alterations in the temporal patterns of fish fauna abundance and the
consequent variations in salinity, as measurements of resilience and resistance.
In this way, resilience, evaluated as the ability of the community to return to its
original state (or nearly so) prior the disturbance (Webster et al., 1975; Harrison,
1979; Gunderson, 2000; Begon et al., 2007), was evaluated taking in account the
variations of the community composition and the abundance of the fish populations,
influenced by the change in salinity. Resistance, however, was evaluated taking into
account the small or null variations in population abundance regarding the salinity
changes, as a consequence of the various sandbank openings.
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STUDY AREA

The Imboassica coastal lagoon, located in a suburban area in the municipality
of Macaé/RJ (22°24° S and 41°42° W), was formed by the damming of the Imboassica
river; it is isolated from the adjacent sea by a 50 m wide sandbank (Figure 1). This
environment occupies an area of 326 hectares, with a maximum width of 1.3 km
and maximum length of 5.3 km. It is a shallow system, with average depth of 1.1 m,
reaching 2-3 m in the deeper areas (Panosso et al., 1998). The marginal vegetation of
the Imboassica lagoon is constituted, basically, of taboa banks (Typha domingensis)
near to the river and of grasses in the sand barrier region (Palma-Silva, 1998). The
sediment is muddy in the middle and far end regions of the lagoon and sandy in
the area near the sandbank. Due to the high-energy characteristics of the sea in
the adjacent area to the lagoon, the sand strip should not present any more natural
openings (Panosso ef al., 1998).

Brazil

Figure 1. Imboassica lagoon with indications of the sampling zones: limnetic (A) and littoral (B). Font:
Google Earth (2007).

According to Esteves (1998), the Imboassica lagoon suffers mainly from
anthropogenic disturbances: landfill along its shores, domestic sewage disposal,
and artificial sandbank openings followed by salinity increases. These events cause
changes in biotic and abiotic factors (Esteves, 1998; Caramaschi et al., 2004). The
partial freshwater replacement by marine water quickly shifted water conditions
near the sandbank, within a few days (ten to fifteen) after the sandbank opening, the
water change from strongly oligohaline to slightly euhaline.
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MATERIAL AND METHODS

Between October/1993 and June/2004 60 experimental fish samplings and
salinity measurements with a digital thermosalinometer (YSI model 30SET) were
conducted at Imboassica Lagoon. During the entire period, four artificial sandbank
openings were monitored in three different studies. In the study conducted by
Saad (1997) the sandbank opening occurred in April 1994, with a total of 12 fish
samplings, six before and six after the opening. In the study conducted by Frota
(1998) two sandbank openings occurred: in November 1995, with four monthly fish
samplings, before and after the opening; and in April 1996, when two fish samplings
were conducted after the opening. In February 2001, the sandbank opening occurred
after being closed for two years. Six samplings were conducted before this last
opening and 28 after it, until the end of this study in June 2004 (Table 1).

Table 1. Description of the sampling sequence in Imboassica lagoon between the years of 1993 and
2004.

Number of Number of
Sandbank . . S . .
Author onenin sampling sampling Fishing/sampling equipment
pening pre-opening post-opening
Saad (1997) April 1994 6 6 Seine nets and gill nets.
November 1995 4 4 Seine nets.and glll. nets, V\.llth
the exception of gill nets in
st nd ~ :
Frota (1998) the 1 .and 2" post-opening
sampling.
April 1996 4 2 Seine nets and gill nets.

Seine nets and gill nets, with
Present study  February 2001 6 28 the exception of gill nets in
the 1% post-opening sampling.

Basically, two methodologies were used, which allowed the identification
and comparison of abundance variation and ichthyofauna composition:
a) In the limnetic zone of the lagoon, 14 gill nets (meshing of 15, 20, 25, 30, 35, 40
and 45 mm between adjacent knots) were exposed during approximately 12 hours in
the samplings conducted by Saad (1997) and six to nine hours in the present study
and in the one conducted by Frota (1998). The exposed battery areas of the gill nets
was, in average, 573.82 m? in the study conducted by Saad (1997), 596.87 m? in
the study conducted by Frota (1998), and 332.28 m? in the present study. After this,
the catch per unit effort (CPUE) (Appendix 1) for each study was calculated as the
following:
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CPUE =N/ (m?x h)

Where:

N = Y. of the number of individuals

m?>= Y of the net areas

h = Number of hours the nets remained in the water

b) With a seine net of 11.5 m x 1.8 m and 1.5 cm between adjacent knots, three
diurnal drags of 50 m distance were conducted by Saad (1997) and in the present
study, in shallow littoral zone near the sandbank. In the study conducted by Frota
(1998) seven drags of 30 m distance were conducted, with the same net, in the same
zone and at the same time. After this, the catch per unit effort (CPUE) for each
study was calculated from the number of individuals per capture area dragged per
campaign. The ichthyofauna abundances were later converted to m? using a simple
rule of three (Appendix 2).The captured fish were put on ice and transported to the
NUPEM / UFRJ (Nucleo de Pesquisas Ecolégicas de Macaé — Macaé Ecological
Research Center) laboratory, where the species were determined using taxonomic
identification keys and quantified.

DATA ANALYSIS

To identify the resilient and resistant fish species regarding the disturbance
(the sandbank opening) an analysis of indicator species was conducted (Dufrene and
Legendre, 1997), including pre and post sandbank openings, based on the salinity
values obtained between 1993 and 2004. The selected factor (salinity) demonstrated
an ample variation during the sampling periods (average = 8.5; Cv = 102 %). Salinity
was measured using the Practical Salinity Scale. In this way, it was possible to group
the campaigns and, consequently, the fish species into categories according to salinity
values during the sampling periods in: freshwater (< £0.5), oligohaline (+0.5 to £5),
mesohaline (5 to +18), polyhaline (+18 to +30), and mixoeuhaline (> +30), as
proposed by Esteves (1988). The indicator species were identified as those occurring
most frequently and characteristically in one type of salinity category. Thus, with
the values of CPUE in the samplings with gill nets and seine nets, independently,
for each species i comparing all pre or post sandbank opening periods j, by Bij,
identifying the relative occurrence frequency of i species in the j group as follows:

Aij = CPUE;j / CPUE;
Bij = CPUEperiodsij / CPUEperiodsj
INDVALIj = Ajj x Bij x 100
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Where INDVAL corresponds to the indicator value of species i in the
grouping of period j. Aij is the specific measurement and CPUE;] is the mean number
of individuals from species i by periods of group j, while CPUE: corresponds to
the mean sum of individuals of species i over all periods. Bij corresponds to the
measurement of fidelity, with Nperiodsij identified as the number of periods in
grouping j where species i is present, while Nperiodsj is the total number of periods
in that group.

The Monte Carlo method was applied to test the significance of the indicator
value of the species (INDVAL), using 10000 permutations in the four sampling
periods that include periods of pre and post-openings of the sandbank, as indicated
in Table 1. The probability (p) of the indicator value of the species is indicated by:

p = (1 + number of observed groups) / (1 + number of randomized groups)

Therefore, from this analysis, probabilities of less than 0.05 indicated species
with resilience. However, fish species resistant to salinity variations that occurred in
the pre and post-openings of the sandbank were indicated by the relative abundance
of each group, in percentages. Or else, by the mean abundance of each species by
salinity category over the mean abundance of that species in all categories.

With the non-parametric Spearman correlation coefficient (Wolda, 1981),
the fish abundances (CPUE) of the campaigns before the opening and post-opening
were compared. Probabilities lower than 0.05 indicated significant similarities
in the composition and abundance of the fish community between the compared
campaigns before the opening, and pre and post sandbank opening. On the other
hand, probability values higher than 0.05 represent significant differences between
the community composition and abundance, indicating the resilience time of the
community right after the disturbance.

Ecological fish guilds indicate the use and importance of a coastal lagoon for
species: coastal lagoon resident (CLR), that completes its entire life cycle in a coastal
lagoon; marine dependent (MD), that spawn in the sea and use coastal lagoons as
nurseries for larvae and juveniles or for adult permanence for long periods; marine
visitors (MV), that use coastal lagoons occasionally, and freshwater primary and
secondary (FWp and FWs), that have no apparent saline requirements, according
to selected bibliography (Myers, 1937; Aradjo, 1983; Aranha, 1991; Vieira and
Scalabrin, 1991; Aguiaro, 1994; Saad, 1997; Soares, 1998; Carvalho Filho, 1999;
Fisher et al., 2004; Froese and Pauly, 2004).
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RESULTS

During studies conducted between the years of 1993 and 2004 in Imboassica
lagoon, 60 species of fish were collected belonging to 26 families and 14 orders. In
the limnetic zone 44 species of fish were captured, belonging to 21 families and 10
orders. In the littoral zone, 44 species of fish were captured, belonging to 22 families
and 12 orders. The mean abundance varied with the pre and post-opening sandbank
periods (Appendix 1 and 2). The ecological fish guilds were 41.7 % marine dependent
(MD), 33.3 % marine visitors (MV), 10.0 % coastal lagoon resident (CLR), 8.3
% primary freshwater (FWp), and 6.7 % secondary freshwater (FWs) by the total
lagoon. Salinity values varied between 0.74 and 28.32 (average = 8.04; Cv = 101.07
%) for the limnetic zone and between 0.90 and 37.00 (average = 9.52; Cv = 102.69
%) for the littoral zone, demonstrating an increasing trend during the four sandbank
opening periods (Figure 2).
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Figure 2. Mean salinity values in the limnetic zone (grey line) and littoral zone (black line) of the
Imboassica lagoon during the period of October 1993 to June 2004. Black points indicate sandbank
openings.

The Indicator Species Analysis based on salinity variations pointed out
Astyanax bimaculatus and Hoplias malabaricus (FWp) as resilient when the lagoon
reaches oligohaline values in the case of the first species (average salinity = 2.25;
Cv =43.70 %), and mesohaline, in the case of the second species (average salinity
= 5.52; Cv = 55.62 %), with significant indicator values (p < 0.05). These values
were identified by the Monte Carlo test with 9999 unrestricted permutations, during
four pre and post sandbank opening periods and 57 monthly samplings with gill nets
in the limnetic zone of the Imboassica lagoon between the years of 1993 and 2004
(Table 2). On the other hand, probabilities lower than 0.05 were not obtained in the
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littoral zone because of the absence of primary freshwater species that are indicators
of resilience.

Table 2. Indication and probability values of primary freshwater species (FWp) resilience indicators,
after four sandbank openings in the limnetic zone of the Imboassica lagoon between October 1993 and
June 2004.

Species Indication values Salinity values Probability
Astyanax bimaculatus 44.0 Oligohaline 0.0028
Hoplias malabaricus 58.2 Mesohaline 0.0021

The same analysis identified in the limnetic zone of the lagoon ten resistant
fish species during the periods of pre and post sandbank openings: two coastal lagoon
residents (CLR), two secondary freshwater species (FWs), two marine visitors (MV)
and four marine dependent species (MD) (Table 3). In the littoral zone nine resistant
species were identified during the pre and post-sandbank opening periods: one
marine visitor (MV), one marine dependent (MD), three coastal lagoon residents
(CLR) and four secondary freshwater species (FWs) (Table 3).

Table 3. Mean occurrence frequency in the total campaigns, salinity categories regarding the presence of
the species and occurrence events of resistant species, during the sampling periods of pre and post sandbank
openings, in the limnetic zone (A) and littoral zone (B) of the Imboassica lagoon, between October 1993
and June 2004. Salinity categories: 1-oligohaline, 2-mesohaline, 3- polyhaline, 4- mixoeuhaline.

Mean relative Number of pre

Species occurrence Salinity categories and post sandbank

frequency opening occurrences
A B A B A B
Anchovia clupeoides (CLR) 68 - 1,2,3 - 4 -
Atherinella brasiliensis (CLR) - 84 - 1,2,3 - 4
Diapterus rhombeus (MV) 25 - 1,2,3 - 3 -
Eucinostomus argenteus (MV) 87 37 1,2,3 1,2,3,4 3 3
Genidens genidens (CLR) 96 48 1,2,3 1,2,3 4 4
Geophagus brasiliensis (FWs) 82 51 1,2,3 1,2,3 4 3
Jenynsia multidentata (FWs) - 25 - 2,3 - 2
Mugil curema (MD) 74 30 1,2,3 1,2,3,4 4 2
Mugil liza (MD) 60 - 1,2,3 - 3 -
Platanichthys platana (CLR) - 69 - 1,2,3,4 - 2
Poecilia vivipara (FWs) - 40 - 1,2,3 - 3
Strongylura marina (MD) 63 - 1,2,3 - 3 -
Strongylura timucu (MD) 54 - 1,2,3 - 4 -
Tilapia rendalli (FWs) 58 44 1,2,3 1,2,3 3 2
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In the twelve monthly samplings conducted by Saad (1997) in the sand
barrier zone, six occurring before the opening (1 to 6) and six after (7 to 12), 71.0 %
of the sampling pairs before the sandbank opening were similar in composition and
abundance (Spearman p < 0.05). On the other hand, 83.3 % of the sampling pairs
before and after the sandbank opening presented different community compositions
and abundances (Spearman p > 0.05). In the samplings conducted by Frota (1998) in
the same zone, 50 % of the campaigns were significantly similar before the opening
(1to4) and 35 and 30 % were significantly similar after the first and second sandbank
openings, respectively (1 to 9 and 5 to 11). In the samplings conducted in the present
study of the sand barrier zone, 93.3 % of the sampling pairs before the opening were
similar (1 to 6). However, 80.4 % of the sampling pairs compared before and after
the opening (1 to 6 with 7 to 34) were significantly similar (Spearman p < 0.05).

Comparing the sampling pairs of the limnetic zone of the study conducted
by Saad (1997), 93.3 % of the sampling pairs before the sandbank opening (1 to
6) were significantly similar in composition and abundance. On the other hand,
between the pre and post-opening campaigns (1 to 6 with 7 to 12), 17.2 % of these
were significantly similar (Spearman p < 0.05). In the samplings conducted by Frota
(1998) in the same zone, 100 % of the campaigns were significantly similar before the
opening (1 to 2) and 70 and 90 % were significantly similar after the first and second
sandbank openings, respectively (3 to 7 with 8 to 9). In the samplings conducted
in the present study of the limnetic zone, 100 % of the sampling pairs before the
opening (1 to 6) were significantly similar. However, comparing the sampling pairs
before and after the opening (1 to 6 with 7 to 33), 80.2 % were significantly similar
(Spearman p < 0.05).

During month 14 (average salinity = 6.40), after the last sandbank opening,
the species H. malabaricus (FWp) was recaptured in the limnetic zone of the lagoon.
In the capture periods in which this species was present before and after the opening,
an average of 95.2 % of the Spearman probability values between communities were
lower than 0.05, indicating similar composition and abundance. During the pre and
post sandbank openings in the samplings conducted by Saad (1997), this species
was also captured with salinity values ranging between 1 and 9.91. The resilience
indicator species A. bimaculatus (FWp) was recaptured 27 months after the last
sandbank opening (average salinity = 3.10). All the Spearman probability values,
comparing the pre and post sandbank opening campaigns where this species was
captured were lower than 0.05, indicating 100 % of similarity in these communities
composition and abundance.
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DISCUSSION

The opening of the sandbank at the Imboassica lagoon causes a drastic
reduction in the water volume by draining freshwater to the sea, followed by
seawater entrance, which rapidly elevates the salinity values, altering the fish fauna
structure. Fish mortality, freshwater fish migrations to refuges at swamps and/or
flooded adjacent areas to the lagoon and the entry of estuarine-dependent species,
caused primarily by the increase in the salinity values, were registered during these
periods. These disturbances compromise the establishment of several freshwater fish
populations in Imboassica lagoon and after each opening, a new community was
formed, with an abundant number of species considered rare or presenting a low
occurrence frequency (Saad, 1997; Frota, 1998; Frota and Caramaschi, 1998; Palma-
Silva, 1998; Saad er al., 2002; Caramaschi et al., 2004; Trivério et al., 2004).

The 14 fish species indicated as resistant to salinity variations represented 23
% of the total taxa captured in this environment. Evidence of successful reproductive
activity in this environment was remarked for the following species: Platanichthys
platana, Atherinella brasiliensis, Genidens genidens (CLR), Jenynsia multidentata,
Poecilia vivipara, Tilapia rendalli, and Geophagus brasiliensis (FWs) (Saad, 1997;
Caramaschi et al., 2004), indicating that they complete their entire life cycle in this
environment, obtaining a continual individual recruitment, independent of the salinity
variations. However, the persistence of Anchovia clupeoides (CLR), Mugil curema,
Mugil liza, Strongylura timucu, Strongylura marina (MD), Diapterus rhombeus,
and Eucinostomus argenteus (MV) without evidence of successful reproduction in
Imboassica lagoon was due, possibly, to the entrance of a great number of individuals
from these species during the opening events or to marine undertows that go beyond
the littoral zone, transporting larvae and juvenile fish into the lagoon (Soares, 1998,
2004).

As fish communities of coastal lagoons are submitted to constant stress
conditions by sporadic or permanent contact with adjacent marine and freshwater
environments (Winemiller and Leslie, 1992; Yafiez-Arancibia and Nugent, 1997;
Caramaschi et al., 2004), the number of resistant species found by this study (23
% of the total) almost reached that found in a previous study (30 %) (Saad et al.,
2002). This fact indicates the high dependence that most occasional visitor species,
marine dependent, coastal lagoon residents, and freshwater fish sampled during these
periods in Imboassica lagoon have on the marine and/or freshwater environment in
which they complete their life cycle. The presence of resistance indicator species
was favored by the artificial sandbank openings and by the ample dominance of the
oligohaline conditions in this environment.
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Community responses to biotic and abiotic disturbances depend on their
frequency and magnitude. For example, the ichthyofauna in North Oregon (USA)
streams, when disturbed by floods, presented resilience time of five to six days
influenced by the habitat complexity (Pearsons et al., 1992). In the estuarine lagoon
systemof Swartvlei (South Africa), fishresilience regarding environmental alterations,
such as the disappearance of submerse aquatic macrophytes, was approximately
three years (Whitfield, 1986). The resilience of the zooplankton community in the
Imboassica lagoon remained for three years before opening sandbar, which allowed
the establishment of a different community after contact with the sea (Santangelo et
al., 2007).

However, in the present study, during three sandbank opening events
(between 1993 and 1996), the resilience of the fish community could not be
identified, due to the short period of time between the openings, their magnitude, and
the discontinuity in the fish sampling in Imboassica Lagoon. Significant values in
Spearman correlations during the three pre and post-opening periods were indicated
by the similarity in the marine dependent (MD) and coastal lagoon resident (CLR)
species composition and abundance in the campaign pairs that were compared or
by the frequency of rare species (MV) and their influence in the sensibility of this
test. On the other hand, the capture of the resilience indicator freshwater species H.
malabaricus in the periods after sandbank opening, in the samplings conducted by
Saad (1997) with dominant oligohaline values, was influenced by the short time that
the sandbank remained open (compared to other evaluated openings) and by the
high rain regime during this period. However, the capture of H. malabaricus and A.
bimaculatus at 14 and 27 months, respectively, after the closure of the last sandbank
opening, indicate that resilience time of the ichthyofauna in this environment varied
regarding to the opening magnitude, the variation in the salinity values, and the
local rain regime. Indicators of the resilience of ichthyofauna in this environment
occur when the lagoon reaches oligohaline or near oligohaline salinity values (< 5),
the secondary freshwater species G. brasiliensis, T. rendalli, J. multidentata and P.
vivipara abundance are maintained constant in the months prior to the disturbance,
and the evidence of recolonization of primary freshwater species fish, such as H.
malabaricus and A. bimaculatus. The sandbank opening occurred in February
2001 was preceded by an extended drought period (El Nifio event) that favored
the persistence of mesohaline values of water during twenty-three months after
the disturbance. This fact compromised the reestablishment of a fish fauna with
freshwater characteristics. In the sand barrier zone this event was even more evident
where the absence of resilient freshwater species and the dominance of resident
estuarine species and secondary freshwater species were favored by the salinity
values.
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Significant values in the community’s similarity (83.3 % in Spearman
comparisons; p < 0.05), with the occurrence of the indicative species H. malabaricus,
before and after the sandbank opening in the limnetic zone of Imboassica lagoon,
suggest a structural return regarding abundance and composition fourteen months
after the disturbance. Evaluating resilience as the community ability to return to
its original state as before the disturbance (Webster et al., 1975; Harrison, 1979;
Gunderson, 2000), it was observed that the return time of the fish community happened
when salinity presented oligohaline or near oligohaline (< 5) values. This proposal is
established in the premise that the sandbank that separates the lagoon from the sea
will unlikely be open again by natural events; this is due to the high gravity marine
waves that dominate this area and keep enlarging the size of the sandbank (Panosso
et al., 1998). In this way, the lagoon should naturally present growing freshwater
characteristics and the ichthyofauna that would dominate this environment should
possess a higher proportion of freshwater fish, and coastal lagoon resident (CLR),
marine dependent (MD), or visitor (MV) species in lesser proportions. On the other
hand, the marine dependent (MD) or visitor (MV) species, affected negatively by
the dominant oligohaline conditions in the lagoon, could suffer an increment in the
water content of their muscles, causing abnormal behavior and, in most cases, their
deaths (Wu and Woo, 1983). Besides this, the null reproductive ability of some
marine dependent (MD) or visitor (MV) species originating from this environment
(Saad, 1997) would compromise the recruiting of new individuals, leading these
populations to disappear.

Thus, the resilience time of fish fauna in Imboassica lagoon was indicated
in groupings of: a) Spearman probability factors lower than 0.05 between pre and
post-disturbance pairs of communities; b) the presence of resilience freshwater fish
indicator species; ¢) salinity values ranging between 0 and 5; and d) minor alterations
in fish population abundance. A similar situation evaluated during the same months
in Imboassica lagoon seems to be related to the resilience of the zooplanktonic
community, where increased similarities between the pre and post sandbank openings
are associated to salinity values lower than 5.9 (Santangelo, 2002).

From this study, observations regarding the factors that structure the
ichthyofauna of Imboassica lagoon could be made, which are in part caused by the
sandbank openings where the effects of salinity variations were worth mentioning.
In this way, the magnitude and frequency of the sandbank opening disturbance, as
well as the available fish populations in the adjacent ocean that enter the lagoon and/
or the resistance of this environment to biotic and abiotic variations, determine the
resilience and resistance of the fish fauna of Imboassica lagoon. The recolonization
of primary freshwater fish species, oligohaline salinity values, and minor alterations
in the composition and abundance of the fish populations indicate these events.
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CONCLUSIONS

Anthropogenic disturbances alter the fish community in the coastal lagoon
Imboassica, north of Rio de Janeiro State. Four artificial openings in the sandbank of
the Imboassica lagoon and connectivity with adjacent sea have modified abundance
and composition of the ichthyofauna, however fourteen fish species have shown
to be resistant to changes resulting from this disturbance. Fourteen months after
the last sandbank opening, the recapture of the freshwater species H. malabaricus
evidenced a resilience process associated to salinity reduction which showed a
similar pattern in the composition and abundance of the pre and post disturbance in
the fish communities during these periods. The disturbances mentioned indicate that
the knowledge of the fish fauna variability in these coastal environments require a
series of continuous monitoring studies that should involve annual and pluriannual
cycles. The great variety of ecological guilds of fish species found in the Imboassica
lagoon has showed an environment with a large availability of resources to this
fauna.
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