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This study aimed to evaluate the human induced impact of a channel opening in a choked lagoon
and attempted to establish the cause-effect links for the observed changes. The same lagoon system
was sampled before and after the channel opening event, and the differences in fish and crustacean
assemblages and environmental variables between these periods analysed. The opening of the artifi-
cial channel resulted in salinity increases, leading to a shift in species composition, favouring marine
species and reducing abundance and diversity of previously dominant freshwater species. Further-
more, saltwater entrance into the choked lagoon caused an unexpected decrease in species richness and
biomass, plus deterioration of ecosystem processes, reducing fishing capacity. The effects of salinity
on the ecosystem vary depending on the ecosystem’s composition and capacity to overcome salin-
ity changes, thus specific monitoring projects are important strategies for developing coastal lagoon
conservation management.
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INTRODUCTION

Marine ecosystems are threatened by a suite of anthropogenic stressors, and transitional
waters are particularly impacted by conflicting human activities (Halpern et al., 2007;
Vasconcelos et al., 2007), which impact ecological functions, such as the maintenance
of spawning, nursery and feeding areas for fish and crustacean species (Ferreira &
Freire, 2009; Vasconcelos et al., 2010; Ribeiro et al., 2012), and biodiversity (Griffiths,
2001). Their high productivity underscore the need for assessing human impacts and
environmental factors that may influence fish and crustacean communities in coastal
areas (Vasconcelos et al., 2010), estuaries (Barletta et al., 2005; Castillo-Rivera et al.,
2010; Contente et al., 2011) and coastal lagoons (Akin et al., 2005; Sdnchez-Botero
etal., 2008). Understanding such cause—effect relationships is an important
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conservation and ecosystem management goal for marine and brackish water
studies.

Estuaries and coastal lagoons usually develop sand bars across the mouth, limiting
or closing water exchange with the adjacent sea (Young & Potter, 2002). The lack of
communication may change the system’s hydrodynamics (Webster, 2010), preventing
recruitment of estuarine-dependent fishes and crustacean larvae and the return of
adult individuals for reproduction at sea (Bell et al., 2001; Vasconcelos et al., 2010;
Webster, 2010). Moreover, these coastal ecosystems are often subjected to pollution,
dredging, landfill and habitat loss, causing eutrophication, oxygen depletion, and
reduction of diversity and fisheries resources (Saad et al., 2002; Franco et al., 2008;
Verdiell-Cubedo et al., 2012). To improve water quality and biological productivity in
coastal lagoons, one of the most common interventions is to increase water circulation
through the opening of artificial channels (Lima er al., 2001; Suzuki et al., 2002).
Nevertheless, little is known about the effects of such human modifications on fish and
crustacean assemblages (Pérez-Castaneda & Defeo, 2001).

Disturbances and ecosystem responses to environmental changes over time and
human impacts on natural ecosystems need to be constantly assessed by community
ecologists, aiming to develop effective management and conservation strategies
for maintaining environmental quality and separating natural from human induced
changes (Hewitt et al., 2001). The lack of baseline information on community structure
and dynamics limits ecosystem evaluation, usually leading to unsuitable management
approaches (Agostinho et al., 2005) hindering the direct association between the cause
(human impact) and effect (environmental and community changes) of a disturbance.
Environmental impact assessment consists of measuring differences in natural and
anthropogenic impacted assemblages’ patterns. Therefore, experimental designs
aiming to assess environmental impacts should include data collected before and after
the occurrence of the impact (Guidetti et al., 2003).

This study used the same experimental design to sample fish and crustacean commu-
nities in the Piratininga-Itaipu Lagoon system (PILS), at two distinct periods: before
and after the establishment of an artificial channel communicating PILS to the sea. The
working hypothesis was that environmental changes associated with changes in the cir-
culation pattern within PILS after channel opening of the previously choked lagoon,
caused changes in the fish-crustacean community structure, reducing abundance and
diversity. The aim of the present study was to compare fish and crustacean abundances,
biomasses and frequencies of occurrence before and after channel opening; correlate
environmental factors with the observed community changes between the two periods;
identify the main environmental factors influencing fish and crustacean community
patterns linking them to the channel opening event; to evaluate the impacts of human
intervention on fish and crustacean communities.

MATERIALS AND METHODS

STUDY AREA

Piratininga and Itaipu Lagoons are located in Rio de Janeiro State, south-eastern Brazil (22°
56" S; 43° 02" W). The local climate is hot and humid (Koppen, 1948), with a wet summer
(December to March, average monthly rainfall >100 mm), and dry winter (June to September,
average monthly rainfall c¢. 50 mm) (UFF, 2012).
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FiG. 1. Location of Piratininga-Itaipu coastal lagoon system in Rio de Janeiro State, Brazil, with the six sampling
sites in each lagoon and the new channel in Piratininga Lagoon (Tibau Channel).

The lagoons communicate with each other by the narrow Camboatd Channel and Itaipu
Lagoon is connected to the sea through the Itaipu Channel forming PILS (Fig. 1). Piratininga
Lagoon was a choked coastal lagoon with an area of 2-9km?, and an average depth of 0-6 m
and natural sporadic connection to the sea. Since its connection with Itaipu Lagoon through the
Camboatd Channel in 1946, the water level at Piratininga Lagoon dropped and prevented its
connection with the sea. The water cycle became mostly influenced by freshwater inflow and
sewage discharge from residences within the lagoon catchment, maintaining low salinities and
a flushing half-life of 16 days (Knoppers et al., 1991). Itaipu Lagoon has an area of 1-0km?,
an average depth of <1-0m, and is permanently connected with the sea through the Itaipu
Channel. The water regime is mostly influenced by tides and has a flushing half-life of 1 day
(Knoppers et al., 1991). In 2008 an artificial channel was built (Tibau Channel) permanently
connecting Piratininga Lagoon to the sea, aiming to improve its biological and hydrological
conditions (Fig. 1). That is the human induced change in the system evaluated in this study.

This lagoon system was selected (1) due to its history of artificial changes without appropriate
impact studies; (2) a new intervention in the system, the opening of the Tibau Channel; (3) the
availability of baseline information prior to channel opening.

SAMPLING SURVEYS

Samples were taken in both lagoons during the day (0800—1200 hours), twice in the dry (July
and August) and twice in the wet (January and February) seasons, before (2006) and after (2011)
the opening of the Tibau Channel. Each lagoon was divided into six sites (Piratininga: P1-P6;
Itaipu: I1-16) ensuring that sampling covered the whole lagoon area (Fig. 1). Sampling was con-
ducted by the same fisherman using two cast nets (12 and 20 mm mesh) with an area of 32-2 m?
each. Three replicates per site per net were made (six sites X three replicates = 18 sampling units,
per cast net).

Fishes and crustaceans were stored and transported on ice to the laboratory and preserved
frozen for species identification. Fish species were identified based on Figueiredo & Menezes
(1978, 1980), and Menezes & Figueiredo (1980, 1985) and crustaceans on Williams (1974);
Coelho & Ramos-Porto (1992) and Costa et al. (2003). For each sample and period the total
number of individuals and biomass (weighed to the nearest 0-1 g) of each species caught were
recorded.
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Simultaneously in the field, four replicates of salinity, dissolved oxygen (mg1~!), water tem-
perature (° C), pH, water depth (WD) (m) and transparency were measured in the middle of
the water column. Three replicates of bottom sediments were taken to determine the mean per-
centage of organic matter (mass difference method) and grain size (Blott & Pye, 2001). The
precipitation rate (PR) was obtained from the Rio de Janeiro’s Geotechnical Institute records
(Alerto Rio, 2011).

DATA ANALYSIS

Fish and crustacean abundances were used to compare the two periods (before and after chan-
nel opening) considering faunal distribution in each season and the main environmental factors
that contributed to this distribution. Habitat differences between sampling sites were not con-
sidered due to previous non-significant results (Fortes et al., 2014). Abundance data were fourth
root transformed to construct the association matrix aiming to reduce dominant species effects,
and then the Hellinger distance calculated, following Legendre & Gallagher (2001) in order to
reduce data distortions (Rao, 1995), and to maintain the best compromise between linearity and
resolution (Legendre & Legendre, 1998). The following data analyses were performed with this
transformed matrix.

A permutational multivariate analysis of variance (PERMANOVA; Anderson, 2005) design
was used to test for spatial variation between Itaipu and Piratininga Lagoons and to evaluate if
they behave as a single system or two different sub-systems. A before and after environmen-
tal impact assessment experiment was performed using a two-way fully nested PERMANOVA
analysis [period (season)] to test for significant differences in the multivariate assemblage data
between periods (2006 and 2011) within seasons (dry and wet). A similarity percentage analysis
(SIMPER) was used to evaluate which species were responsible for the dissimilarity between
PERMANOVA significant groups (Clarke, 1993). A resemblance matrix was calculated using
the Bray-Curtis distance. This analysis was performed using PRIMER 6 + PERMANOVA soft-
ware (Clarke & Gorley, 2006).

The relationship between species assemblages and environmental variables for each period
was analysed using canonical correspondence analysis (CCA). Analysis was performed using
fish and crustacean abundance data of the most abundant and frequent species (frequency of
occurrence >0-5%) in each lagoon. Monte Carlo permutation analysis with the forward selec-
tion option was used to test the significance (P = 0-05) of each variable contribution to all CCA
axes. A t-value biplot diagram was used to reveal pair-wise statistically significant relation-
ships between species and environmental variables. This projection approximates the 7-values
of a regression coefficient from a multiple regression, with each species acting as a response
variable and the environmental variables acting as predictors (Leps & Smilauer, 2003). Sig-
nificant relationships are indicated by species position inside the regression limits (indicated
by circles) (Leps & Smilauer, 2003), with the full line and the dotted line circles representing
the positive and the negative limits, respectively. In order to isolate the amount of explanation
from each variable measured (environmental and temporal) on fish and crustacean community
changes, a variation partitioning analysis was performed for each lagoon, following Borcard
et al. (1992) standards. This analysis assumes that ecological variation may be divided into dif-
ferent factors (temporal, environmental, their correlations and unknown factors) and analysed
separately to measure the relative contribution of sets of explanatory variables and partial out
components of community data sets (Borcard et al., 1992). The same analysis was conducted
by isolating the amount of explanation generated by the salinity measures found in Piratininga
Lagoon, then evaluating the effects of increased salinity due to channel opening on fish and
crustacean community structure. All three analysis were conducted on CANOCO 4.5 software
(Leps & Smilauer, 2003).

RESULTS

A total of 72 samples were collected in each lagoon (18 units in 4 months) in each
period, resulting in the collection of 3978 specimens weighing a total of 119-2kg. A
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total of 53 species were recorded, distributed in 26 families, 46 fishes (24 families), and
seven crustaceans (two families). A decrease in species richness (24 species in 2006,
to 19 in 2011), abundance (2651 individuals in 2006, to 1327 in 2011) and biomass
(80-9 kg in 2006, to 38-3 kg in 2011) was observed, with 22 species occurring exclu-
sively in 2006, 10 in 2011 and 22 occurring in both periods (Table I).

A similar pattern was observed in environmental variables which changed consider-
ably between periods (Table II).

One-way PERMANOVA comparing fish and crustacean abundances between Itaipu
and Piratininga was significant (MS = 37803, Py, > 0-001) suggesting a spatial segre-
gation between lagoons. SIMPER analysis revealed a dissimilarity of 79-6% between
both lagoons with Diapterus rhombeus (Cuvier 1829) [6:5.D.(6) = 1-75], Elops saurus
L.1766 [6:5.D0.(6) =0-97], Oreochromis niloticus (L.1758) [6:5.D. (6)=0-88], Call-
inectes danae (Crustacea Portunidae) [6:8.D.(6) = 1-22] and Eucinostomus gula (Quoy
& Gaimard 1824) [6:5.D.(6) = 0-99] accounting for 38-0% of that difference. Based on
these results, it was assumed that Piratininga and Itaipu are independent sub-systems,
and were treated as such in all further analyses.

PIRATININGA LAGOON

A total of 1162 specimens were captured in Piratininga Lagoon of which 68-4% were
fishes, representing 18 species in 12 families, and 31-6% decapod crustaceans of seven
species in two families. Significant differences were observed between the two sam-
pling periods. Abundance of fishes and decapod crustaceans decreased in numbers and
biomass from 2006 to 2011 (Table I). The five most abundant fish species in 2006 were
O. niloticus, E. saurus, Brevoortia aurea (Spix & Agassiz 1829), Mugil liza Valenci-
ennes 1836 and Atherinella brasiliensis (Quoy & Gaimard 1825), and comprised 86-9%
of total fish abundance. In contrast in 2011, the top five species and ranks changed
with Eucinostomus argenteus Baird & Girard 1855, B. aurea, Brevoortia pectinata
(Jenyns 1842), E. saurus and E. gula, comprising 80-8% of total fish abundance. Seven
crustacean species Farfantepenaeus brasiliensis, C. danae, Callinectes ornatus, Far-
fantepenaeus paulensis, Litopenaeus schmitti, Callinectes bocourti and Callinectes
sapidus occurred in 2006, whereas only three (C. danae, L. schmitti, C. ornatus, and
C. sapidus) were captured in 2011, with C. danae and L. schmitti representing 96-7%
of total crustaceans caught in the period.

A nested PERMANOVA analysing community structure in Piratininga Lagoon
demonstrated differences between periods within seasons [period (season)]
(MS =14894, Py <0:001). SIMPER analysis showed a dissimilarity of 85-5%
between periods with O. niloticus [6:5.0.(6)=0-82], E. saurus [6:5.D.(6)=0-78],
M. liza [6:5.D0.(6) =0-90], E. argenteus [6:5.0.(6) =0-90] and Cetengraulis edentelus
(Cuvier 1829) [6:5.D.(6) = 0-61] being responsible for 46-0% of that difference.

The first two axes of CCA analysis explained 19-3% of data variation. Their cumula-
tive percentage variance of the species—environment relationship accounted for 64-4%
of the biotic matrix explanation. The first axis alone explained 11-8% of the variation in
species data and was strongly associated with salinity. Salinity showed a positive rela-
tion with 2011 samples, regardless of the season. Dry and wet seasons in 2006 were
distinguished mainly by PR and WD (Fig. 2).

The t-value biplot diagram identified a significant relationship between species
and three environmental variables: salinity [Fig. 3(a)], PR [Fig. 3(b)] and water
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TaBLE 1. Total abundance in numbers (AB) and biomass (B) of the species captured in Itaipu
and Piratininga Lagoons in 2006 and 2011

Itaipu Lagoon Piratininga Lagoon

2006 2011 2006 2011
Species Anagram AB B (kg) AB B (kg) AB B (kg) AB B (kg)
Actinopterygii
Achirus lineatus ACHLIN 6 0-0 6 0-0 1 0-0
Anchoa tricolor ANCTRI 5 0-0
Anchovia clupeoides ANCCLU 1 0-0
Anchoviella lepidentostole ~ ANCLEP 1 0-0 8 0-0
Archosargus rhomboidalis  ARCRHO 1 0-0
Atherinella brasiliensis ATHBRA 7 01 25 05 3 0-0
Brevoortia aurea BREAUR 3 0-0 6 02 40 05 40 12
Brevoortia pectinata BREPEC 5 0-1 35 1.0
Caranx latus CARLAT 2 0-0 3 0-0
Centropomus parallelus CENPAR 7 02 10 04
Centropomus undecimalis ~ CENUND 1 02 5 04 23 19
Cetengraulis edentulus CETEDE 37 1-5 2 0-0
Chilomycterus spinosus CHISPI 2 0-1
Chloroscombrus chrysurus  CHLCHR 1 0-0
Citharichthys arenaceus CITARE 5 0-1
Citharichthys spilopterus CITSPI 30 0-5
Diapterus auratus DIAAUR 25 0-5 8 02 1 0-0
Diapterus rhombeus DIARHO 911 89 664 105 7 0-1 12 01
Diplectrum formosum DIPFOR 1 0-1
Diplectrum radiale DIPRAD 1 0-1
Elops saurus ELOSAU 21 1-6 59 4.5 123 124 34 22
Eucinostomus argenteus EUCARG 100 05 33 03 16 01 48 03
Eucinostomus gula EUCGUL 72 06 43 0-5 5 00 28 02
Eucinostomus melanopterus EUCMEL 2 0-1
Genidens genidens GENGEN 8 0-7
Gobionellus oceanicus GOBOCE 30 07 11 03
Haemulon plumierii HAEPLU 1 0-0
Harengula clupeola HARCLU 19 04 1 0-0
Microgobius meeki MECMEE 2 0-6 1 02 1 02 1-3
Micropogonias furnieri MICFUR 11 5 7 0-0 6
Mugil curema MUGCUR 33 2.1 12 1-8 4 0-1 5 1-0
Mugil liza MUGLIZ 32 58 15 34 37 35 6 1-0
Oligoplites saurus OLISAU 3 0-1
Opisthonema oglinum OPIOGL 2 0-1 1 0-1
Oreochromis niloticus ORENIL 11 09 1 01 267 28 9 22
Phalloptychus januarius PHAJAN 1 0-0
Prionotus punctatus PRIPUN 3 0-1
Sardinella brasiliensis SARBRA 43 21
Selene vomer SELVOM 1 0-0
Sphoeroides greeleyi SPHGRE 1 0-0
Sphoeroides testudineus SPHTES 1 0-0
Stephanolepis hispidus STEHIS 1 0-0
Stephanolepis setifer STEST 1 0-0
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TABLE I. Continued

Itaipu Lagoon Piratininga Lagoon

2006 2011 2006 2011
Species Anagram AB B (kg) AB B (kg) AB B (kg) AB B (kg)
Symphurus plagusia SYMPLS 4 0-1
Synodus foetens SINFOE 2 0-0
Trachinotus carolinus TRACAR 2 0-0

Malacostraca

Callinectes bocourti CALBOC 20 15
Callinectes danae CALDAN 66 09 71 10 65 12 44 07
Callinectes ornatus CALORN 65 03 43 05 1 0-1
Callinectes sapidus CALSAP 8 04 1 0-0
Farfantepenaeus brasiliensis FARBRA 87 0-4 109 0-8
Farfantepenaeus paulensis ~ FARPAU 46 02 36 03
Litopenaeus schmitti LITSCH 127 07 16 01 26 02 14 01
Total individuals 1780 1039 873 289
Total species 40 28 21 18

Grey boxes, frequency of occurrence >30%; blank cells, zero; 0-0, biomass <0-1 kg.

transparency [Fig. 3(c)]. Salinity showed a significant positive relationship with E.
gula, E. argenteus and B. pectinata and negative with C. bocourti, F. brasiliensis, F.
paulensis, Centropomus undecimalis (Bloch 1792) and Centropomus parallelus Poey
1860. PR and water transparency showed a negative significant relationship with F.
brasiliensis and F. paulensis.

Variation partitioning analysis demonstrated that environmental variables alone
accounted for one third of the total species matrix variation (34-0%), whereas c.
10:0% was explained by non-environmental temporal variation and the correlation
between these two factors (3-5 and 6-6%). The amount of explanation of the species
matrix variation by salinity itself was very high (8-:8%) for a single environmental
factor.

ITAIPU LAGOON

A total of 2818 specimens were captured in Itaipu Lagoon, 83-0% fishes, represented
by 44 species of 25 families, and 17-0% crustaceans, represented by five species from
two families. Fish abundance in numbers decreased from 1387 individuals in 2006 to
951 in 2011, but biomasses were nearly the same for both years (25-8 and 25-6 kg).
The number and biomass of crustaceans decreased from 2006 (391 individuals, 2-5 kg)
to 2011 (87 individuals, 1-0kg). The occurrence of fish species was similar between
sampling periods. The gerreid D. rhombeus was by far the most abundant species col-
lected in both periods, comprising 65-6% of total fish abundance in 2006 and 69-7%,
in 2011. The five most abundant fish species in 2006 (D. rhombeus, E. argenteus, E.
gula, Mugil curema Valenciennes 1836 and M. liza) comprised 82-7% of the total abun-
dance, whereas in 2011 D. rhombeus, E. saurus, Sardinella brasiliensis (Steindachner
1879), E. gula and E. argenteus comprised 88-4% of total abundance. The two most
abundant crustacean species, C. danae and L. schmitti, accounted for 58-6% of total

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012
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FiG. 2. Piratininga Lagoon canonical correspondence analysis (CCA) ordination diagram (triplot) on the first two
axes based on samples, species (see Table I) and significant environmental variables (P < 0-05) data matri-
ces. Length and direction of arrows indicate the relative importance and direction of change of environmen-
tal variables. WD, water depth; WT, water transparency; PR, precipitation rate; Temp, water temperature;
Sal, salinity; O, dry 2006; @, wet 2006; [J, dry 2011; B, wet 2011.

abundance and were the only two decapod crustaceans collected in 2011, contrasting
with the five species collected in 2006 (C. danae, F. brasiliensis, L. schmitti, C. ornatus
and F. paulensis).

A nested PERMANOVA revealed significant differences in community composition
between periods within season [period (season)] indicating that sampled periods had
different community composition (MC =9629-2, Py, <0-001).

SIMPER analysis revealed a dissimilarity of 63-1% between periods with E. argen-
teus [6:8.D.(6) = 1-44], C. danae [6:8.D.(6) = 1:19], E. saurus [6:8.D.(6) = 1-03], E. gula
[6:5.D.(6) =1-09] and M. Liza [6:5.D.(6) = 0-99] being responsible for 31-7% of that dif-
ference. CCA indicated difference between seasons and a difference between 2006 and
2011 dry seasons. The ordination of species and samples formed three main groups:
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the first comprised wet season samples of both 2006 and 2011 periods showing a cor-
relation with highest PRs and increased pH; the second consisted of samples from the
dry season of 2006 and was correlated with increased water transparency and highest
mud percentages in sediments; the third group comprised the dry season of 2011 and
showed highest correlation with increased dissolved oxygen (O,) and WD (Fig. 4).
The first two axes were responsible for 14-1% of data variation. Most of the vari-
ance in the biotic matrix could be explained by environmental variables with 54-4%
of the cumulative percentage variance of species—environmental relations in the first
two axes.
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High PRs in the wet season were associated with Caranx latus Agassiz 1831, Haren-
gula clupeola (Cuvier 1829), Trachinotus carolinus (L. 1766) and Micropogonias
furnieri (Desmarest 1823) (Fig. 4). The dry season of 2006 was associated with F
paulensis, F. brasiliensis, O. niloticus and C. ornatus and increased water transparency
and mud percentages in the sediment. On the other hand, the dry season of 2011 was
particularly associated with high abundances of S. brasiliensis and Oligoplites saurus
(Bloch & Schneider 1801) and increased dissolved oxygen and WD (Fig. 4). A t-value
biplot diagram was unable to identify significant relationships between species and
any of the environmental variables.

Results from variation partitioning analysis showed that non-temporal environmen-
tal variables explained 28-9% of the variation in the species matrix, whereas 4-5% was
explained by the correlation between temporal and environmental patterns structur-
ing species data. Only 3-:2% was explained by non-environmental intrinsic temporal
patterns.

DISCUSSION

The question whether human interventions may alter fish species composition and
abundance patterns at spatial and temporal scales in coastal lagoons was addressed.
Interactions between physical and biological factors may cause strong fluctua-
tions in the distribution and abundance patterns of marine biological communities
(Ramos-Miranda et al., 2005; Terlizzi et al., 2005; Mendes & Soares-Gomes, 2013).
The quantitative description of such modified patterns helps in understanding the
processes structuring species distribution (Underwood & Chapman, 2003; Terlizzi
et al., 2005). Studies that aim to perceive these patterns and how they vary over space
and time are critical for understanding community dynamics, individual responses
to natural and human induced environmental stressors and for proposing adequate
management actions. Environmental factors such as temperature, habitat type and
salinity may be responsible for shaping community structure, especially in transitional
habitats such as costal lagoons (Ramos-Miranda et al., 2005; Castillo-Rivera et al.,
2010; Contente et al., 2011). Several studies have evaluated the consequences of
such factors on fish and crustacean communities in intermittently open lagoons (Saad
et al., 2002; Young & Potter, 2002; Franga et al., 2012) and environments subjected
to human interventions (Franco et al., 2008; Ferreira & Freire, 2009; Verdiell-Cubedo
et al., 2012). Nevertheless, the present study was the first to analyse the relationship
between changes in the fish and crustacean assemblage structure associated with
a human induced environmental change, represented here by the opening of a sea
communication channel into a permanently choked lagoon. A significant reduction of
species richness and biomass occurred, associated with a salinity rise due to the inflow
of coastal marine waters into the lagoon after channel opening.

Mendes & Soares-Gomes (2013) evaluated the influence of environmental variables
on the benthic macrofauna at PILS, before and after the Tibau Channel opening. They
observed a salinity increase, but were not able to detect statistical differences in the
benthic community before and after channel opening. The present study, however,
showed that the opening of the Tibau Channel increased salinity values in Piratininga
Lagoon, causing major changes in the fish and crustacean assemblage. Five (C.
bocourti, F. brasiliensis, F. paulensis, C. undecimalis and C. parallelus) out of six
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exclusive species that occurred in 2006 in Piratininga were negatively associated with
salinity, and were not present in 2011 samples. Two of the new species registered in
Piratininga in 2011 [Diapterus auratus Ranzani 1842 and Achirus lineatus (L.1758)]
occurred only in Itaipu in 2006, indicating a greater exchange of species between
lagoons due to increased salinity, as suggested by other authors (Andreata et al.,
1989; Barletta et al., 2005). Therefore, the assemblage composition after channel
opening was distinct from that observed before the impact, showing a human induced
cause-effect change in community structure.

The significant biomass decrease in Piratininga Lagoon was a consequence of the
reduced abundance of O. niloticus in 2011. This freshwater species has been introduced
in several aquatic systems to improve fisheries and aquaculture, with considerable neg-
ative impacts on native communities and biodiversity (Canonico et al., 2005; Attayde
et al.,2007). In PILS’s case, the species was accidentally introduced in the 1970s when
heavy rains flooded an aquaculture project into the PILS drainage basin (unpubl. obs.).
Its great importance to before—after dissimilarity was probably associated with salinity
increasing beyond the tolerance limits of O. niloticus, at rates that would not permit
species acclimation, thus permitting the domination of marine species such as Euci-
nostomus spp., Brevoortia spp. and E. saurus in the lagoon. Most freshwater species
are sensitive to salinity changes and the increasing sea water influx into a lagoon usu-
ally restricts these species to the upper estuarine zones and river-runoff areas (Frota
& Caramaschi, 1998; Martino & Able, 2003; Ramos-Miranda et al., 2005). Lack of
direct connection with the sea in Piratininga Lagoon since 1946 caused the decrease
in salinity favouring freshwater species dominance, as seen in other studies (Frota &
Caramaschi, 1998; Ramos-Miranda et al., 2005). The new scenario with higher salinity
after the opening of Tibau Channel enabled the maintenance of marine species. On the
other hand, brackish and freshwater water species suffered mortality and moved into
local freshwater rivers and creeks and the upper estuary where salinities were lower
(Frota & Caramaschi, 1998; Young & Potter, 2002).

Several studies indicate a positive relation between species population and increased
circulation due to channel openings (Brito et al., 2000; Pérez-Castafieda & Defeo,
2001). Both F. paulensis and F. brasiliensis, the most abundant crustaceans in 2006,
were absent in the collections in 2011 in any of the lagoons. The absence of both
species in 2011 may be related to other factors including fishing, since shrimps are
important local fishery resources (Albertoni, 1998; Barroso et al., 2000), and perhaps
also loss of bottom vegetation leading to lower habitat complexity with less available
food and shelter from predators, and therefore, lower biodiversity (Martino & Able,
2003; Ribeiro et al., 2012; Verdiell-Cubedo et al., 2012). Benthic species richness,
however, increased in sites near the Tibau Channel (Mendes & Soares-Gomes, 2013),
indicating that different taxa may respond differently to environmental changes
and impacts, and that species tolerance across an abiotic gradient may determine
community structure with species choosing specific environmental conditions (Martino
& Able, 2003; Pombo ef al., 2005).

The present study demonstrated that, at the time scale examined, the opening of the
Tibau Channel in Piratininga Lagoon channel did not improve ecosystem processes or
its fishing capacity, but caused losses in species richness, biomass and diversity. Dif-
ferent patterns have been found in other studies, which suggest that the connection
with the sea may benefit the community by increasing larval and juvenile recruit-
ment, and enable estuarine dependent species to complete their reproductive life cycle
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(Bell et al., 2001, Saad et al., 2002; Ferreira & Freire, 2009). These studies, however,
often focus on systems adjusted to frequent sea isolation and communication peri-
ods. In the present case, Piratininga has been a choked lagoon for several decades.
Furthermore, colonization processes after an environmental change may take from a
few months to several years for restructuring the system (Pérez-Ruzafa et al., 20006).
The permanent opening of the Tibau Channel caused a large amount of disturbance
over a short time scale, leading to a great change in its fish and crustacean community
structure.

For Itaipu Lagoon, salinity showed no influence on community structure and was
non-significant in the multi-scale CCA analysis. Despite species occurrence similari-
ties, differences in species abundance and the new occurrence of less abundant species
caused the differences between the periods observed in the PERMANOVA analysis.
Almost all of the 2011 exclusive species recorded in this study occurred in this lagoon.
Nevertheless, these species were previously recorded in adjacent areas supporting the
habitat connectivity hypothesis (Valesini et al., 1997; Monteiro-Neto et al., 2008; Vas-
concelos et al., 2010). Changes occurred in Piratininga Lagoon apparently had no sig-
nificant impacts on Itaipu Lagoon. The differences observed in Itaipu Lagoon, when
comparing 2006 and 2011 sampling periods, may be linked to other anthropogenic
causes.

Human interventions in natural habitats (e.g. dredging, landfill, sewage outfalls,
aquaculture and fishing) may change habitat variability and conditions in lagoons
and estuaries (Pérez-Ruzafa et al., 2006; Franga et al., 2012). Environmental changes
may favour the distribution of certain species while limiting others (Saad et al.,
2002). In the present study, salinity was the predominant factor determining species
composition indicating that species have specific responses to optimal environmental
conditions (Contente et al., 2011), and abrupt changes as seen in PILS caused major
changes in community structure, especially in the choked Piratininga Lagoon. The
existing problems in management plans lie in the fact that management actions can
lead to different results in different ecosystems mainly due to (1) distinct drainage
basin size, (2) environmental and natural evolutionary differences and (3) differences
in anthropogenic use (Esteves, 1998; Lima et al., 2001). Therefore, to improve
conservation and management, long-term monitoring projects are important strate-
gies for verifying lagoon system changes and development over time (Schifino
et al.,2004).

According to Di Carlo et al. (2011) reconstructive techniques in combination with
‘beyond BACT" designs are powerful tools to assess disturbance effects in space and
time. Still, authors should be careful when linking a specific disturbance to the observed
differences (Underwood, 1991, 1992; Meseck et al., 2012). In fact, professional judg-
ment is required to decide whether there is enough evidence, or not, to make this
connection (Conquest, 2000). A common problem in evaluating environmental impacts
on community structure is the lack of prior knowledge about the ecosystem, hence
leading to ambiguous or non-significant results (Rotherham & West, 2007). The use of
similar sites for comparison (Parnell et al., 2005; Musco et al., 2009) may also lead to
uncertain cause-effect responses. The present study enabled the observation of the fish
and crustaceans community before and after the human impact (channel opening) in
Piratininga Lagoon. The cause-effect relationship could be established mainly because
the disturbance event was clear in space and time, and a salinity rise would not occur
without the channel opening.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012



BEFORE-AFTER IMPACT ASSESSMENT 15

We thank W. Fortes for providing the 2006 database. Members of the ECOPESCA
Laboratory — UFF helped this project in many aspects. The Conselho Nacional de Pesquisa
e Desenvolvimento Cientifico e Tecnolégico — CNPq provided a Master Degree fellowship
for L.P.P. and a Research Productivity Grant for C.M.N., and partial financial support for the
completion of this study.

References

Agostinho, A. A., Thomaz, S. M. & Gomes, L. C. (2005). Conservacao da biodiversidade em
dguas continentais do Brasil. Megadiversidade 1, 70-78.

Akin, S., Buhan, E., Winemiller, K. O. & Yilmaz, H. (2005). Fish assemblage structure of
Koycegiz Lagoon—Estuary, Turkey: spatial and temporal distribution patterns in rela-
tion to environmental variation. Estuarine, Coastal and Shelf Science 64, 671-684. doi:
10.1016/j.ecss.2005.03.019

Albertoni, E. F. (1998). Ocorréncia de camardes Peneideos e Paleomonideos nas lagoas
Imboassica, Cabitinas, Comprida e Carapebus. In Ecologia de lagoas costeiras do
Parque Nacional da Restinga de Jurubatiba e do Municipio de Macaé, RJ (Esteves, S.
A., ed), pp. 351-358. Rio de Janeiro: NUPEM/UFRIJ.

Anderson, M. J. (2005). PERMANOVA: A FORTRAN Computer Program for Permutational
Multivariate Analysis of Variance. Auckland: Department of Statistics, University of
Auckland.

Andreata, J. V., Saad, A. M. & Barbiéri, L. R. R. (1989). Associacao e distribui¢do das especies
de peixes na laguna de Marapendi, Rio de Janeiro, no periodo de marco de 1985 a
fevereiro de 1987. Momédrias Do Instituto Oswaldo Cruz 84, 45-51.

Attayde, J. L., Okun, N., Brasil, J., Menezes, R. & Mesquita, P. (2007). Impactos da intro-
ducao da tildpia do nilo, Oreochromis niloticus, sobre a estrutura tréfica dos ecossistemas
aqudticos do bioma caatinga. Oecologia Brasiliensis 11, 450—461.

Barletta, M., Barletta-Bergan, A., Saint-Paul, U. & Hubold, G. (2005). The role of salinity in
structuring the fish assemblages in a tropical estuary. Journal of Fish Biology 66,45—72.
doi: 10.1111/.0022-1112.2005.00582.x

Barroso, L. V., Medina, R. S., Moreira-Turcq, T. F. & Bernardes, M. C. (2000). Aspectos ambi-
entais e atividade de pesca em lagoas costeiras fluminenses. Brasilia: IBAMA.

Bell, K. N. I. N. I, Cowley, P. D. D. & Whitfield, A. K. K. (2001). Seasonality in fre-
quency of marine access to an intermittently open estuary: implications for recruitment
strategies. Estuarine, Coastal and Shelf Science 52, 327-337. doi: 10.1006/ecss.
2000.0709

Blott, S. J. & Pye, K. (2001). GRADISTAT: a grain size distribution and statistics package for
the analysis of unconsolidated sediments. Earth Surface Processes and Landforms 26,
1237-1248. doi: 10.1002/esp.261

Borcard, D., Legendre, P. & Drapeau, P. (1992). Partialling out the spatial component of eco-
logical variation. Ecology 73, 1045—1055. doi: 10.2307/1940179

Brito, R., Chimal, M.-E. & Rosas, C. (2000). Effect of salinity in survival, growth, and
osmotic capacity of early juveniles of Farfantepenaeus brasiliensis (decapoda: penaei-
dae). Journal of Experimental Marine Biology and Ecology 244, 253-263. doi:
10.1016/S0022-0981(99)00142-2

Canonico, G. C., Arthington, A., McCrary, J. K. & Thieme, M. L. (2005). The effects of intro-
duced tilapias on native biodiversity. Aquatic Conservation: Marine and Freshwater
Ecosystems 15, 463—483. doi: 10.1002/aqc.699

Castillo-Rivera, M., Zarate-Herndndez, R., Ortiz-Burgos, S. & Zavala-Hurtado, J. (2010). Diel
and seasonal variability in the fish community structure of a mud-bottom estuarine habitat
in the Gulf of Mexico. Marine Ecology 31, 633—-642. doi: 10.1111/j.1439-0485.2010.
00394 .x

Clarke, K. R. (1993). Non-parametric multivariate analysis of changes in community structure.
Australian Journal of Ecology 18, 117—-143.

Clarke, K. R. & Gorley, R. N. (2006). PRIMER v6: User Manual/Tutorial. Plymouth:
PRIMER-E.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012



16 L. PRESTRELO AND C. MONTEIRO-NETO

Coelho, P. A. & Ramos-Porto, M. (1992). Sinopse dos crustdceos decdpodos brasileiros (Portu-
nidae). Revista Brasileira de Zoologia 9,291-298.

Conquest, L. L. (2000). Analysis and interpretation of ecological field data using BACI designs:
discussion. Journal of Agricultural, Biological, and Environmental Statistics 5,293-296.

Contente, R. F., Stefanoni, M. F. & Spach, H. L. (2011). Fish assemblage structure in an estuary
of the Atlantic Forest biodiversity hotspot (southern Brazil). Ichthyological Research 58,
38-50. doi: 10.1007/s10228-010-0192-0

Costa, R. C. d., Fransozo, A., Melo, G. A. S. & de Moraes, F. A. (2003). Chave ilustrada para
identificacdo dos camardes Dendrobranchiata do litoral norte do estado de Sdo Paulo,
Brasil. Biota Neotropica 3(1), 1-12.

Di Carlo, G., Benedetti-Cecchi, L. & Badalamenti, F. (2011). Response of Posidonia oceanica
growth to dredging effects of different magnitude. Marine Ecology Progress Series 423,
39-45.

Esteves, F. A. (1998). Lagoa de Imboacica: impactos antropicos, propostas mitigadoras e
sua importancia para a pesquisa ecoldgica. In Ecologia de lagoas costeiras do Parque
Nacional da Restinga de Jurubatiba e do Municipio de Macaé (RJ) (Esteves, S. A., ed),
pp. 401-429. Rio de Janeiro: NUPEM/UFRIJ.

Ferreira, N. C. & Freire, A. S. (2009). Spatio-temporal variation of the pink shrimp Farfante-
penaeus paulensis (Crustacea, Decapoda, Penaeidae) associated to the seasonal overture
of the sandbar in a subtropical lagoon. lheringia, Série Zoologia 99, 390—396.

Figueiredo, J. L. & Menezes, N. A. (1978). Manual de peixes Marinhos do Sudeste do Brasil:
1l teleostei (1). Sdo Paulo: Museu de Zoologia, USP.

Figueiredo, J. L. & Menezes, N. A. (1980). Manual de peixes Marinhos do Sudeste do Brasil:
111 teleostei (2). S@ao Paulo: Museu de Zoologia, USP.

Fortes, W. L. S., Almeida-Silva, P. H., Prestrelo, L. & Monteiro-Neto, C. (2014). Patterns of fish
and crustacean community structure in a coastal lagoon system, Rio de Janeiro, Brazil.
Marine Biology Research 10, 111-122. doi: 10.1080/17451000.2013.797645

Francga, S., Vasconcelos, R. P., Fonseca, V. F,, Tanner, S. E., Reis-Santos, P., Costa, M. J. &
Cabral, H. N. (2012). Predicting fish community properties within estuaries: influence of
habitat type and other environmental features. Estuarine, Coastal and Shelf Science 107,
22-31. doi: 10.1016/j.ecss.2012.04.013

Franco, A., Franzoi, P. & Torricelli, P. (2008). Structure and functioning of Mediterranean
lagoon fish assemblages: a key for the identification of water body types. Estuarine,
Coastal and Shelf Science 79, 549—-558. doi: 10.1016/j.ecss.2008.05.011

Frota, L. O. & Caramaschi, E. P. (1998). Abertura da barra da lagoa de Imboassica e seus efeitos
sobre a fauna de peixes. In Ecologia de lagoas costeiras do Parque Nacional da Restinga
de Jurubatiba e do Municipio de Macaé (RJ) (Esteves, S. A., ed), pp. 327-350. Rio de
Janeiro: NUPEM/UFRIJ.

Griffiths, S. P. (2001). Factors influencing fish composition in an australian intermittently
open estuary. Is stability salinity-dependent? Estuarine, Coastal and Shelf Science 52,
739-751. doi: 10.1006/ecss.2000.0756

Guidetti, P., Terlizzi, A., Fraschetti, S. & Boero, F. (2003). Changes in Mediterranean rocky-reef
fish assemblages exposed to sewage pollution. Marine Ecology Progress Series 253,
269-278. doi: 10.3354/meps253269

Halpern, B. S., Selkoe, K. A., Micheli, F. & Kappel, C. V. (2007). Evaluating and ranking
the vulnerability of global marine ecosystems to anthropogenic threats. Conservation
Biology: The Journal of the Society for Conservation Biology 21, 1301-1315. doi:
10.1111/3.1523-1739.2007.00752.x

Hewitt, J. E., Thrush, S. E. & Cummings, V.J. (2001). Assessing environmental impacts: effects
of spatial and temporal variability at likely impact scales. Ecological Applications 11,
1502—-1516. doi: 10.1890/1051-0761(2001)011[1502: AEIEOS]2.0.CO;2

Knoppers, B., Kjerfve, B. & Carmouze, J.-P. (1991). Trophic state and water turn-over
time in six choked coastal lagoons in Brazil. Biogeochemistry 14, 149-166. doi:
10.1007/BF00002903

Koppen, W. (1948). Climatologia, p. 478. Buenos Aires: Fundo de Cultura Econémica.

Legendre, P. & Gallagher, E. D. (2001). Ecologically meaningful transformations for ordination
of species data. Oecologia 129, 271-280.

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012



BEFORE-AFTER IMPACT ASSESSMENT 17

Legendre, P. & Legendre, L. (Eds) (1998). Numerical Ecology, 2nd edn. Amsterdam: Elsevier
Science B.V.

Leps, J. & Smilauer, P. (2003). Multivariate Analysis of Ecological Data Using CANOCO, 1st
edn. New York, NY: Cambridge University Press.

Lima, N. R. W., Bizerril, C. R. S. F,, Canicali, M. R., Suzuki, M. S. & Assumocio, J.
(2001). Atividade de Pesca durante a abertura da barra da Lagoa de Iquipari,
Sdo Jodo da Barra, RJ. Boletim do Instituto de Pesca 27, 191-200. Available at
ftp://ftp.sp.gov.br/ftppesca/27[2]-art_09.pdf/.

Martino, E. J. & Able, K. W. (2003). Fish assemblages across the marine to low salinity transition
zone of a temperate estuary. Estuarine, Coastal and Shelf Science 56, 969-987. doi:
10.1016/S0272-7714(02)00305-0

Mendes, C. L. T. & Soares-Gomes, A. (2013). First signs of changes to a tropical lagoon system
in the southeastern Brazilian coastline. Journal of Coastal Conservation 17, 11-23. doi:
10.1007/s11852-012-0214-3

Menezes, N. A. & Figueiredo, J. L. (1980). Manual de peixes Marinhos do Sudeste do Brasil:
1V teleostei (3). Sdo Paulo: Museu de Zoologia, USP.

Menezes, N. A. & Figueiredo, J. L. (1985). Manual de peixes Marinhos do Sudeste do Brasil:
V teleostei (4). Sao Paulo: Museu de Zoologia, USP.

Meseck, S. L., Li, Y., Dixon, M. S., Rivara, K., Wikfors, G. H. & Luther, G. 1. (2012). Effects
of a commercial, suspended eastern oyster nursery upon nutrient and sediment chemistry
in a temperate, coastal embayment. Aquaculture Environment Interactions 3, 65-79.

Monteiro-Neto, C., Tubino, R. A., Moraes, L. E. S., Mendonca-Neto, J. P., Esteves, G. V. &
Fortes, W. L. (2008). Associacdes de peixes na regido costeira de Itaipu, Niterdi, RJ.
Theringia, Série Zoologia 98, 50—59.

Musco, L., Terlizzi, A., Licciano, M. & Giangrande, A. (2009). Taxonomic structure and the
effectiveness of surrogates in environmental monitoring: a lesson from polychaetes.
Marine Ecology Progress Series 383, 199-210.

Parnell, P. E., Lennert-Cody, C. E., Geelen, L., Stanley, L. D. & Dayton, P. K. (2005). Effective-
ness of a small marine reserve in southern California. Marine Ecology Progress Series
296, 39-52.

Pérez-Castafieda, R. & Defeo, O. (2001). Population variability of four sympatric penaeid
shrimps (Farfantepenaeus spp.) in a tropical coastal lagoon of Mexico. Estuarine,
Coastal and Shelf Science 52, 631-641. doi: 10.1006/ecss.2001.0771

Pérez-Ruzafa, A., Garcia-Charton, J. A., Barcala, E. & Marcos, C. (2006). Changes in ben-
thic fish assemblages as a consequence of coastal works in a coastal lagoon: the Mar
Menor (Spain, Western Mediterranean). Marine Pollution Bulletin 53, 107-120. doi:
10.1016/j.marpolbul.2005.09.014

Pombo, L., Elliott, M. & Rebelo, J. E. (2005). Influencias ambientales en la distribucion de la
comunidad de peces en una laguna costera estudrica, Ria de Aveiro (Portugal). Scientia
Marina 69, 143—159. doi: 10.3989/scimar.2005.69n1143

Ramos-Miranda, J. R., Mouillot, D., Hernandez, D. F., Lopez, A. S., Chi, T. D. & Perez, L.
A. (2005). Changes in four complementary facets of fish diversity in a tropical coastal
lagoon after 18 years: a functional interpretation. Marine Ecology Progress Series 304,
1-13. doi: 10.3354/meps304001

Rao, C. (1995). A review of canonical coordinates and an alternative to correspondence analysis
using Hellinger distance. Questiio 19, 23—-63.

Ribeiro, J., Carvalho, G., Gongalves, J. & Erzini, K. (2012). Fish assemblages of shallow inter-
tidal habitats of the Ria Formosa lagoon (South Portugal): influence of habitat and season.
Marine Ecology Progress Series 446, 259-273. doi: 10.3354/meps09455

Rotherham, D. & West, R. J. (2007). Spatial and temporal patterns of abundance and recruit-
ment of ghost shrimp Trypaea australiensis across hierarchical scales in south-eastern
Australia. Marine Ecology Progress Series 341, 165—175.

Saad, A. M., Beaumord, A. C. & Caramaschi, E. P. (2002). Effects of artificial canal openings
on fish community structure of Imboassica coastal lagoon, Rio deJaneiro, Brazil. Journal
of Coastal Research 36, 634—639.

Séanchez-Botero, J. I, Pellegrini Caramaschi, E., Sequeira Garcez, D., Beach, W. P., Caramaschi,
E. P. & Garcez, D. S. (2008). Spatiotemporal variation in fish assemblage in a coastal

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012



18 L. PRESTRELO AND C. MONTEIRO-NETO

lagoon without direct contact with the Sea (Southeastern Brazil). Journal of Coastal
Research 4,225-238. doi: 10.2112/06-0752.1

Schifino, L.C., Fialho, C.B., Verani, J.R., 2004. Fish community composition, seasonality and
abundance in Fortaleza Lagoon, Cidreira. Brazilian Archives of Biology and Technology
47(5), 755-763.

Suzuki, M. S., Figueiredo, R. O., Castro, S. C., Silva, C. F., Pereira, E. A., Silva, J. A. & Aragon,
G. T. (2002). Sand bar opening in a coastal lagoon (Iquipari) in the northern region of Rio
De Janeiro State: hydrological and hydrochemical changes. Brazilian Journal of Biology
62,51-62.

Terlizzi, A., Benedetti-Cecchi, L., Bevilacqua, S., Fraschetti, S., Guidetti, P. & Anderson, M.
J. (2005). Multivariate and univariate asymmetrical analyses in environmental impact
assessment: a case study of Mediterranean subtidal sessile assemblages. Marine Ecology
Progress Series 289, 27—-42. doi: 10.3354/meps289027

Underwood, A. J. (1991). Beyond BACI: experimental designs for detecting human environ-
mental impacts on temporal variations in natural populations. Marine and Freshwater
Research 42, 569—-587.

Underwood, A. J. (1992). Beyond BACI: the detection of environmental impacts on populations
in the real, but variable, world. Journal of Experimental Marine Biology and Ecology 161,
145-178.

Underwood, A. J. & Chapman, M. G. (2003). Power, precaution, type II error and sampling
design in assessment of environmental impacts. Journal of Experimental Marine Biology
and Ecology 296, 49-70. doi: 10.1016/S0022-0981(03)00304-6

Valesini, F. J., Potter, I. C., Platell, M. E. & Hyndes, G. A. (1997). Ichthyofaunas of a temperate
estuary and adjacent marine embayment. Implications regarding choice of nursery area
and influence of environmental changes. Marine Biology 128, 317—-328.

Vasconcelos, R. P, Reis-Santos, P., Fonseca, V., Maia, A., Ruano, M., Franga, S. & Cabral,
H. N. (2007). Assessing anthropogenic pressures on estuarine fish nurseries along the
Portuguese coast: a multi-metric index and conceptual approach. The Science of the Total
Environment 374, 199-215. doi: 10.1016/j.scitotenv.2006.12.048

Vasconcelos, R. P., Reis-Santos, P., Maia, A., Fonseca, V., Franga, S., Wouters, N. & Cabral,
H. N. (2010). Nursery use patterns of commercially important marine fish species in
estuarine systems along the Portuguese coast. Estuarine, Coastal and Shelf Science 86,
613-624. doi: 10.1016/j.ecss.2009.11.029

Verdiell-Cubedo, D., Torralva, M., Andreu-Soler, A. & Oliva-Paterna, F. J. (2012). Effects of
shoreline urban modification on habitat structure and fish community in littoral areas
of a Mediterranean coastal lagoon (Mar Menor, Spain). Wetlands 32, 631-641. doi:
10.1007/s13157-012-0296-6

Webster, I. T. (2010). The hydrodynamics and salinity regime of a coastal lagoon — the Coorong,
Australia — seasonal to multi-decadal timescales. Estuarine, Coastal and Shelf Science
90, 264-274. doi: 10.1016/j.ecss.2010.09.007

Williams, A. B. (1974). The swimming crabs of the genus Callinectes (decapoda: portunidae).
Fishery Bulletin 72, 685—798. Available at http://fishbull.noaa.gov/72-3/williams.pd/f.

Young, G. C. & Potter, I. C. (2002). Influence of exceptionally high salinities, marked variations
in freshwater discharge and opening of estuary mouth on the characteristics of the ichthy-
ofauna of a normally-closed estuary. Estuarine, Coastal and Shelf Science 55,223 -246.
doi: 10.1006/ecss.2001.0899

Electronic References

Alerto Rio (2011). Sistema Alerta Rio, da Prefeitura do Rio de Janeiro. Available at
www.alertario.rj.gov.br (last accessed 15 May 2012).

UFF (2012). Pluviometric Station HIDROUFF. Sao Domingos: Universidade Federal Flumi-
nense. Available at http://www.hidrouff.uff.br/ (last accessed 26 March 2013).

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, doi:10.1111/jfb.13012



