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ABSTRACT. Saquarema-Jaconé lagoonal system (SJLS) comprises a sequence of five interconnected shallow brackish
lagoons with access to the sea by a single permanent tidal channel. It is a eutrophic system, receiving constant input of
organic load from its urbanized catchments. The relationship between several environmental variables and the spatial-
temporal distribution of the benthic macrofauna was assessed during four seasonal samplings (dry and wet periods of
2007-2009). Sediment replicates were sampled at seven sites for biological identification and analyzes of organic mat-
ter, carbonates, phytopigments, grain size and heavy metals. Salinity, dissolved oxygen and redox potential were mea-
sured in situ. SJLS was characterized by sandy bottoms with very reducing conditions. Redox potential significantly
discriminated between the dry and wet periods and anoxic conditions were observed in the latter. No significant
seasonal differences were observed in the macrofauna. A total of 37 taxa were identified, of which Capitella sp, oli-
gochaetes and Laeonereis culveri (Webster, 1880) were the dominant, representing the early stage of community recov-
ery following dystrophic crises. The faunistic pattern seems to be determined by complex combinations of silt+clay with
salinity, organic matter and redox potential. On the other hand, the low concentrations of heavy metals found did not
seem to influence the structure and distribution of the biota. SJLS is undergoing persistent environmental stress, domi-
nated by first-order opportunistic species linked to organically enriched sediments.
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In the context of the European Water Framework Direc-
tive (WFD), coastal lagoons can be considered complex transi-
tional water systems in the boundary between continental and
marine domains, ranking among the most productive on Earth
(Magnrt et al. 2008, Munart & Mistri 2010, PErez-Ruzara et al.
2010). According to Moreno et al. (2010), they occupy ca. 10%
of the sea-land interface worldwide and provide feeding, re-
production and nursery areas for marine and terrestrial biota,
fisheries, aesthetic values, tourism and other services to the
human population, with a potential economical value esti-
mated at over $22,000 ha'y! (Costanza et al. 1997).

Choked coastal lagoons are most common on coasts with
high energy and low tidal range (Kjerrve 1994). They are char-
acterized by a single entrance channel, which allows a peren-
nial exchange of water, sediment, dissolved materials and
organisms between the lagoon and the open sea. Kjerrve &
MaaiiL (1989) suggested that this entrance channel can natu-
rally serve as a dynamic filter that attenuates currents and tidal
water-level fluctuations. The tidal gradient within coastal la-
goons diminishes rapidly away from the entrance when sub-
jected to microtidal conditions and large river flows. As a
consequence, the more remote sections of these systems tend

to be unaffected by marine tides and the dynamics are usually
governed by the local wind action and freshwater discharge
(BIrRD 1994).

Depending on their geomorphological and hydrological
status, these shallow transitional water systems display gradual
or sharp variations in physical-chemical parameters on a daily
and seasonal basis, which cause changes in the structure and
distribution pattern of organisms (Koutsousas et al. 2000, Gamito
2006). In this sense coastal lagoons can be considered as harsh
and naturally stressed habitats. In some cases, the change in
the environmental variables in lagoons is severe and leads to
dystrophic crisis (e.g. eutrophication, anoxia), generally result-
ing in the marked decrease in the number of individuals. Ac-
cording to Larpicct et al. (2001), the ecosystem recovers quickly
once the crisis is over as species colonizing these environments
are highly adapted to extreme conditions, and assemblages are
characterized by high resilience. However, assemblages can be
driven towards a different structure when environmental
changes become permanent (Schirost et al. 2010), mainly in-
duced by anthropogenic disturbances, such as sewage discharge.

Transitional waters are sensitive aquatic system where
benthic components and processes play an important regula-
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tory function for the whole ecosystem (Macni et al. 2008). Be-
cause of the sedentary nature of most benthic organisms, these
can integrate environmental conditions over time better than
pelagic fauna (Gamiro 2006). Therefore, surveys of macrozoo-
benthic communities are useful tools for assessing short and
long-term changes in brackish lagoons, representing potential
discriminators between natural and man-induced disturbances
(Koutsousas et al. 2000, BLancHeT et al. 2005, ScHiros! et al. 2010).

The eastern coastline of the state of Rio de Janeiro, south-
east Brazil, harbors a series of chocked lagoons. The systems
exhibit well-defined interconnected lagoon-cells, including one
external cell with access to the sea by either a permanent or an
ephemeral tidal channel and the remaining internal cells
strongly influenced by fresh water discharge (Knorrers et al.
1991). The Saquarema-Jaconé lagoonal system (SJLS), located
from 23°53’S, 42°39'W to 23°56’S, 42°28'W, comprises a se-
quence of five lagoons: Fora (7,4 km?), Boqueirdo (0,6 km?),
Jardim (2,0 km?), Urussanga (12,6 km?) and Jaconé (4 km?).
The former lagoon (Fora) communicates with the sea by a per-
manent channel, opened in 2001 in order to increase tidal ex-
change and flushing, whereas the latter (Urussanga) is most
influenced by the drainage basin with numerous rivers dis-
charges allied to restricted circulation. The Urussanga lagoon
is connected to the isolated and more pristine Jaconé lagoon
by a long and narrow canal (Salgado).

The climate of the region is humid with a mean annual
precipitation of 1100 mm (Kjereve & Knoppers 1999). During
the wet season, the precipitation is about twice to three times
higher than in the dry season. According to WassermaN (2000),
salinity ranges from 40 to 5 in the dry season to 27 to 5 in the
wet season, showing a clear decrease gradient from the tidal
channel to the innermost compartment of the lagoonal sys-
tem. All five lagoons are shallow, with mean depth around 1.15
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m, and tidal amplitudes ranging from 0.01 to 0.04 m (WASSERMAN
2000).

The SJLS drainage basin (244.6 km?) receives input of nu-
trients from three major sources: (1) marine intrusions; (2) riv-
erine discharge and rainfall; and (3) agricultural and domestic
effluents (Carmouze et al. 1991). Increasing urban occupation
of its watersheds, mainly for fishery and tourism, has contrib-
uted with higher loads of organic matter through wastewaters.
As a result, the SJLS represents a complex eutrophic system,
undergoing frequent anoxic events with consequences to its
biota.

The present work aims to assess the relationship between
several environmental variables and the spatial-temporal dis-
tribution of the benthic macrofauna in SJLS, identifying key
factors affecting the structure and composition of the benthic
community. Studies on the macrozoobenthos of SJLS are scarce
and ecological information needs updating. We tested the hy-
pothesis that the organic matter is the main responsible for
the faunistic pattern observed. Consequently, our findings
could make a valuable contribution to the future development
of an integrated economic, social and environmental manage-
ment policy for the lagoon consistent with its conservation.

MATERIAL AND METHODS

Seasonal samplings were conducted in August-Septem-
ber 2007 (Dry I), April 2008 (Wet I), September 2008 (Dry II)
and March 2009 (Wet II) in seven marginal sites along the la-
goonal system, representing each location (Fora: F1 and F2,
Boqueirdo: B1; Jardim: J1; Urussanga: Ul; Salgado: S1; and
Jaconé: Jc1) (Fig. 1). Five replicate samples were taken at each
site for macrofauna analysis using a 15 cm diameter x 30 cm
high PVC core (total area of 0.18 m?). Replicate core size and
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Figure 1. Location of sampling sites in Saquarema-Jaconé lagoonal system.
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number have been determined from pilot studies developed a
priori in the ecosystem. The core area and number of replicates
used also facilitated comparisons with published literature
(WassermMAN 2000, Pagriosa & BarBosa 2006).

The samples were sieved through a 0.5 mm mesh and
preserved in 5% neutralized formalin. Additional sediment
(~300 g) was sampled in triplicates per site for organic matter,
carbonate contents, chlorophyll-a and phaeopigments (within
1 cm surface layer), grain size distribution and heavy metals.
Samples were kept frozen until laboratorial analyzes. Undis-
turbed sediment redox potential, water salinity and dissolved
oxygen were measured in the field by specific probes (Analyser
300M and YSI 33).

In the laboratory, the macrozoobenthos were sorted, iden-
tified to the species level, when possible, counted and preserved
in 75% ethanol. Sediment samples were oven-dried at 60°C for
48 hours. Total organic matter was calculated after ignition at
495-500°C for two hours using ash-free dry weights. Sub-
samples were attacked by 10% HCI for one hour in order to
obtain carbonate content. Pigments quantification followed
adapted methods of Prante-Cuny (1978) and DaLro & GREMARE
(2006) and wet-weight concentrations were calculated using
LorenzeN (1967) equations. Sediment samples for grain size frac-
tions were oven-dried at 100°C for 24 hours and then processed
through mechanical dry sieving and decantation, according to
methods described in Sucuio (1973). The metals (Al, Cd, Cr,
Cu, Fe, Mn, Ni Pb and Zn) were determined after acid digestion
with an Ultima 2 sequential inductively coupled plasma opti-
cal emission spectrometer (ICP-OES, Jobin-Yvon, France).

The validity of grouping sampling sites into sectors, ac-
cording to a putative physicochemical gradient, was tested by
one-way analysis of similarities (ANOSIM) per period. Thus,
the factor consisted of three levels: the outer sector represented
by sites F1, F2 and B1; the intermediary sector, with sites J1
and U1; and, the inner sector, including sites S1 and Jc1, with
minimum or no marine influence. Abiotic variables per period
were analyzed separately by plotting means and standard de-
viations to observe general trends. The significance of seasonal
differences in abiotic data was also tested by ANOSIM, using
the Euclidean distance of normalized data. The Kruskal-Wallis
ANOVA by rank analysis was performed to test which environ-
mental variables accounted for seasonal differences. Log-trans-
formed data was subjected to ordination by means of Principal
Component Analysis (PCA). Pearson correlations were em-
ployed to identify significant affinities between heavy metals
and several abiotic variables (salinity, redox potential, organic
matter and grain size fractions).

Macrobenthic community structure was analyzed in terms
of total number of individuals (N), total number of species (s),
Pielou’s Evenness (J') and Shannon-Wiener diversity (H’). Spe-
cies dominance and frequency were calculated considering the
total abundance per sampling period and sampling sites, respec-
tively. Biological data was analyzed by means of multivariate

techniques after forth root transformation. Differences in
macrozoobenthic assemblages were investigated using cluster
analysis (group average method) and non-metric multidimen-
sional scaling ordinations (nMDS) based on Bray-Curtis similar-
ity index. ANOSIM permutation test was applied to test for
differences between seasons. Species contributing mostly to the
dissimilarity among sampling seasons were investigated using
the SIMPER procedure. Environmental variables best correlated
with the multivariate patterns of the macrobenthic community
were identified by means of Spearman coefficient (Bio-Env analy-
ses). Statistics employed are contained in the Primer® v. 6 and
STATISTICA 7° software packages.

RESULTS

Environmental variables

The grouping of sampling sites into an outer, intermedi-
ary and inner sector does not seem to be a consistent analytical
strategy once ANOSIM results did not reveal any significant dif-
ferences in environmental variables among the sectors in either
the dry period of 2007 (Global R=0.275, p =0.13), wet period of
2008 (Global R = 0.375, p = 0.06), dry period of 2008 (Global
R =0.025, p = 0.44) or wet period of 2009 (Global R = 0.35,
p = 0.11). Therefore, the results presented herein are not based
on a strict division of the lagoonal system into sectors although
the clear influence of marine waters on different locations will
be pointed out whenever relevant. On the other hand, the analy-
sis of similarity highlighted seasonal differences on the abiotic
variables among the group of sites per sampling period (Global
R=0.462, p=0.001). Table I shows that the dry periods (I and II)
were significantly different from both wet periods.

Table I. One-way ANOSIM results showing significant differences
(*) in environmental variables between sampling periods in
Saquarema-Jaconé lagoonal system.

Period R Significance level (%)
dry |- wet | 0.797 0.2*
dry |- dry Il 0.008 311
dry I- wet Il 0.814 0.1*
wet |- dry |l 0.578 0.2*
wet |- wet Il -0.033 62.4
dry II- wet Il 0.600 0.4*

Prior to the exploratory analysis, the twelve environmen-
tal variables (salinity, redox potential, dissolved oxygen, organic
matter, carbonates, chlorophyll-a, pheopigments, mean grain
size, pebble, sand, silt+clay and sorting coefficient) were corre-
lated in order to identify redundant variables in determining
the spatial distribution of sampling sites per period. After ex-
cluding such variables, clearer and more consistent repre-
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sentations were obtained using Principal Component Analysis
(PCA), indicated by the high contributions of factorial axis 1
and 2. The sum of both axes explained more than 83% of the
variations in most of the ordinations (period wet I H = 73%). In
the period wet II, the ordination accounted for 95% of the varia-
tions. The high contributions comprise a total of four or five
main components in every ordination, signaling for the impor-
tance of salinity, chlorophyll-a and redox potential (Fig. 2). How-
ever, the sampling sites of SJLS did not show a clear pattern of
spatial distribution. The results point to a stronger temporal in-
fluence rather than a spatial heterogeneity in SJLS.

Spatial variation in environmental variables can be com-
pared in figure 3. A decreasing salinity gradient (30 to 10) was
observed from sites located near the tidal channel (F1 and F2)
to the innermost sites (S1 and Jc1), signaling for the reduction
of marine influence. Although mean dissolved oxygen values
ranged from 10 to 15 mg.L"!, concentrations showed great spa-

tial variability, reaching hypoxic levels in F1, J1 and Jcl. The
lagoon sediments revealed very reducing conditions (mean re-
dox potential around -200 mV) and greater intra-spatial het-
erogeneity. Salgado canal (S1) presented the highest organic
matter (~15%) and carbonate content (~8%), followed by Jardim
(J1) with ~7% and ~5%, respectively. Sites in the inlet presented
higher carbonate content and lower organic matter concentra-
tions. Phytopigments presented similar mean values, approxi-
mately 20 pg.g'. However, in S1 a higher contribution of
phaeopigments (~60 pg.g!) indicates a high degradation level
of the microphytobenthic/phytoplanctonic material and con-
sequently its low quality as food for the macrobenthos. All lo-
cations were characterized by sandy bottoms (more than 90%)
with low fractions of pebble and silt+clay. In S1, better sorted
sediments and greater mean grain size were found.

According to temporal patterns (Tab. II), some abiotic
gradients could be described. Higher values in salinity range
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Figure 2. Factorial axis 1 and 2 of Principle Components Analysis (PCAs) ordinations for environmental variables per sampling period in
Saquarema-Jaconé lagoonal system. (S) Salinity, (Eh) redox potential, (OM) organic matter, (Chl-a) chlorophyll-a, (SC) sorting coefficient.
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Table Il. Mean and standard deviation (SD) values of environmental variables per sampling period in Saquarema-Jaconé lagoon system.

Dry | Wet | Dry Il Wet Il
Variables

Mean + SD  Min/Max Mean + SD Min/Max Mean + SD Min/Max Mean + SD  Min/Max
S 29.7+7.5 18/36 18.7+11.5 5/35 16.3 + 8.6 5/31 18.6 £9.3 5/33
Eh (mV) -44.7 £77.1  -185/-10 -238.1 +40.6 -299/-164 -100.1 £ 67.5 -190/-30 -178.9 +194.0 -327/-175
O, (mg.I") 124+10  2.7/26.8 144 +3.3 7.3/17.3 9.0+1.9 6.7/12.6 11.0+6.6 5.3/23.6
OM (%) 7.2+6.9 1.4/18.6 33+33 0.6/9.7 5.0+£8.5 1.0/22.4 27+29 0.7/8.1
CaCo, (%) 55+3.1 3.6/11.3 40+2.4 1.7/7.4 3.8+33 1.9/9.0 3.6+4.2 0.8/8.1
Chl-a (ug.g") 23.7+17.9 5.4/543 28.1+£36.1 2.7/104.3 12.7+£9.7 5.6/32.9 12179 5.6/27.7
Phaeo (ug.g') 25.5+32.7 2.5/90.1 17.2+20.8 1.0/36.8 17.1+304 2.1/85.5 6.7+5.8 1.7/17.4
Chl-a/Phaeo 1.6+0.8 0.6/2.6 2.7+19 1.0/6.1 1.8+0.8 0.3/5.4 28+20 0.5/5.4
MGS (phi) 0.9+0.5 0.2/1.8 0.9+0.3 0.6/1.4 0.8+0.2 0.6/1.1 0.8+0.3 0.4/1.1
Pebble (%) 58+7.8 0.0/20.7 1.8+ 2.1 0.0/5.8 42+438 0.0/10.5 8.6 £ 8.8 0.0/20.6
Sand (%) 929+7.7 79.3/100.0 97.5+2.8 93.7/99.8 949+56 86.7/99.9 91.0+9.2 77.8/99.9
Silt+Clay (%) 1.3+3.0 0.0/7.8 0.7+1.6 0.0/4.0 0.9+22 0.0/5.3 0.5+0.8 0.1/1.6
sC 0.9+0.3 0.5/1.4 0.8+0.3 0.5/1.2 0.8+0.3 0.6/1.5 09+0.3 0.6/1.2

() salinity, (Eh) redox potential, (O,) dissolved oxygen, (OM) organic matter, (CaCO,) carbonates, (Chl-a) chlorophyll-a, (Phaeo)

phaeopigments, (MGS) mean grain size, (SC) sorting coefficient.

were observed in dry I, with rather lower and relative constant
mean values (16 to 19) in the following periods. Extremely re-
ducing sediments were encountered in the wet periods (mini-
mum values around -300 mV), with wet II presenting higher
variability. Dissolved oxygen concentration dropped to hypoxic
conditions in dry I (2.7 mg.L!). In the dry periods, organic
matter showed higher mean concentrations (5-7.2%) as a re-
sult of approximately 20% maximum input. Mean carbonate
contents varied from 5.5% to 3.6% throughout the studied
period with higher contributions (~4-11%) in dry I. Chloro-
phyll-a mean concentrations were about two times greater in
the first year of sampling (dry I and wet I) with a maximum
value of 104 pg.g'in the latter, decreasing substantially in the
second year (dry II and wet II). Phaeopigments attained ca. 90
pg.gt in the wet periods. However, mean chlorophyll-a/
pheopigments ratio suggest larger amount of fresh algal input
(2.8) probably through riverine origin in the same periods (wet
I and wet II). Granulometric parameters of mean grain size,
sand and selection coefficient assumed constant mean values
and range throughout the studied period. However, pebble frac-
tion showed higher contributions in dry I and wet II (approxi-
mately 21%) whilst silt and clay reached maximum values in
dry I (~8%). SJLS can be characterized by sandy bottoms with
very reducing conditions and an episodic hypoxic event de-
tected in the period dry I due to enriched mean levels of or-
ganic matter and phaeopigments.

SJLS was quite homogeneous along the studied period in
terms of the environmental variables considered. A greater stabil-
ity was observed for the granulometric variables (mean grain size,
pebble, sand, silt+clay and sorting coefficient) whereas a marked
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spatial and temporal variability was noticed for redox potential.
Indeed, Kruskal-Wallis analysis of variance attributed the seasonal
differences to redox potential values, between dry I and the pe-
riods wet I (K=2.97, p=0.004) and wet II (K= 2.65, p =0.04).
Heavy metals concentrations showed no seasonal differ-
ences according to the ANOSIM test (Global R =-0.094, p = 0.98).
Except for Cd and Pb, positive significant correlations (Tab. III)
between all metals and the organic matter as well as the fine
sediment fraction (silt and clay) indicate that metals are trapped
physically and/or chemically in detritus particles and minerals.
Indeed, phaeopigments and carbonates were also strongly cor-
related with heavy metals and the abiotic variables mentioned.
In contrast, salinity and redox potential showed no relation
whatsoever with any of the heavy metals analyzed.
Unfortunately, Brazil still lacks a regional reference guide-
line for sedimentary metal contents. However, adopting the bio-
logical effects database for sediments (BEDS), determined by LonG
et al. (1995), Cd, Cr, Cu, Ni, Pb and Zn mean concentrations in
SJLS fall way below the category of the effect range-low (ERL)
(Tab, 1IV), which means that estimated effects would be rarely
observed in the biota, suggesting no environmental contamina-
tion of these metals. Therefore, geochemical results show that
although the majority of metals are bond to sediments, they
offer no risk of contamination in the benthic macrofauna.

Macrobenthic community

In SJLS the macrofauna totalized 17.705 specimens, of
which 43% were collected in the period dry I, 28% in wet I,
16% in dry Il and 13% in wet II- showing a gradual decrease in
abundance along the studied period. From the 37 identified
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Table lll. Correlation matrix among environmental and geochemical data.

S Eh OM O, CaCO, Chl-a Phaeo Sand S$+C Al Cd Cr Cu Fe Mn Ni Pb
S
Eh 0.22
oM -0.19 0.12
o, 0.01 -0.39* 0.27
CaCO, 0.36 0.02 0.67* 0.35
Chl-a -0.12 -0.13 0.32 0.18 0.24
Phaeo -0.20 0.04 0.76* 0.24 0.63* 0.73*
Sand  -0.08 -0.02 -0.43* 0.13 -0.35 0.01 -0.20
S+C -0.29 0.02 0.80* 0.36 0.65* 0.35 0.81* -0.32
Al -0.13 0.18 0.80* 0.18 0.70* 0.32 0.73* -0.35 0.78*
Cd -0.07 -0.11 -0.60* 0.11 -0.61* -0.24 -0.53* 0.47* -0.46* -0.77*
Cr -0.02 0.20 0.65* 0.02 0.55* 0.23 0.50* -0.33 0.50* 0.91* -0.83*
Cu -0.11 0.02 0.74* 0.13 0.69* 0.25 0.64* -0.46* 0.72* 0.95* -0.83* 0.91*
Fe -0.11 0.14 0.74* 0.08 0.64* 0.27 0.63* -0.39* 0.67* 0.97* -0.86* 0.97* 0.97*
Mn 0.09 0.18 0.56* -0.04 0.58* 0.20 0.47* -0.36 0.41* 0.85* -0.91* 0.95* 0.87* 0.93*
Ni -0.03 0.20 0.67* 0.05 0.57* 0.24 0.53* -0.30 0.53* 0.92* -0.81* 1.00* 0.92* 0.97* 0.94*
Pb -0.22 -0.26 0.00 0.11 -0.12 0.83* 0.38* 0.10 0.01 -0.01 0.06 -0.04 -0.05 -0.04 -0.07 -0.03
Zn 0.01 0.15 0.72* 0.07 0.70* 0.25 0.63* -0.41* 0.62* 0.95* -0.88* 0.94* 0.94* 0.97* 0.96* 0.94* -0.06

(S) Salinity, (Eh) redox potential, (OM) organic matter, (O2) dissolved oxygen, (CaCO3) carbonates, (Cla) chlorophyll-a, (Phaeo)

phaeopigments, (5+C) silt+clay, * significant coefficients (p<0.05).

Table IV. Mean heavy metal concentrations (mg.kg") and standard deviations (SD) in sediments of SJLS per sampling period,
compared to reference guidelines for the category of the effect range — low (ERL).

Dry | Wet | Dry Il Wet Il ERLY
Mean + SD Mean £ SD Mean £ SD Mean + SD

Al 6228.9 8746.0 29453 3346.6 5590.3 5717.4 3331.6 3433.5 -
Cd 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0 1.2
Cr 4.0 4.7 2.4 3.0 3.8 3.9 2.7 2.8 81.0
Cu 2.6 3.8 1.7 2.1 2.7 2.9 2.6 2.0 34.0
Fe 4638.6 6002.0 2877.5 3304.9 4419.9 4468.9 3417.2 3388.1 -
Mn 333 34.3 21.4 24.7 35.5 34.6 23.5 22.2 -
Ni 2.0 2.5 1.1 1.6 1.9 2.0 1.3 1.5 20.9
Pb 2.0 3.0 1.0 1.0 2.0 2.0 1.2 1.4 46.7

'Reference values according to BEDS (LoNG et al. 1995). For Al, Fe and Mn, ERL not provided.

taxa in this system, 62% were crustaceans, 30% polychaetes
and 8% mollusks. Details on the composition and structure of
the macrozoobenthic community of SJLS in terms of number
of individuals, specific dominance and relative frequency per
sampling period are shown in Table V. Rare taxa represented
by one or two specimens were excluded from the list. These
species were Lumbrineris atlantica Kinberg, 1865, Pedicorophium

sp. Karaman, 1981 and a cumacean species from the dry pe-
riod of 2007; Amphitoe marcuzzii Ruffo, 1954 and Caprella
equilibra Say, 1818 from the wet period of 2008; and, Uca rapax
(Smith, 1870) and Polydora cornuta Bosc, 1802 from the dry
period of 2008; Amphitoe sp. Leach, 1814, a cladoceran and
Monocorophium acherusicum (Costa, 1857) from the wet period
of 2009 (two individuals each). In addition, Amphitoe ramondi
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Table V. Number of individuals (ind.m?), specific dominance (%) and relative frequency (%) of the benthic macrofauna found in
Saquarema-Jaconé lagoonal system per sampling period. Rare species were removed for simplification and are mentioned in text.

Ind. Dom. Freq. Ind. Dom. Freq. Ind. Dom. Freq. Ind. Dom. Freq.
Crustacea
Atlantorchestoidea brasiliensis (Dana, 1853) - - - 28 0.1 571 - - - - - -
Cassidinidea fluminensis (Mané-Garzon, 1944) 6 0.0 143 6 0.0 143 6 0.0 143 - - -
Copepoda sp. 2 (Harpacticoida: Phyllognathopodidae) 101 0.2 286 - - - - - - - - -
Copepoda sp. 3 (Calanoidea) - - - 224 08 714 - - - 22 0.2 286
Copepoda sp. 4 (Cyclopoida) - - - - - - - - - 22 0.2 286
Corophium sp. Latreille, 1806 34 0.1 143 17 0.1 14.3 - - - - - -
Monocorophium insidiosum (Crawford, 1937) 17 0.0 143 - - - - - - - - -
M. tuberculatum (Shoemaker, 1934) 56 0.1 286 - - - - - - 17 0.1 286
Ostracoda (Podocopida) 168 04 571 3998 142 429 2974 183 57.1 3125 249 57.1
Platorchestia monodi Stock, 1996 6 0.0 143 6 0.0 143 11 0.1 28.6 - - -
Pseudischyrocerus sp. Schellenberg, 1931 - - - - - - - - - 17 0.1 143
Stenothoe valida Dana, 1852 - - - 22 0.1 28.6 - - - - - -
Polychaeta
Alitta succinea (Frey & Leuckart, 1847) 17 0.0 28.6 - - - - - - - - -
Capitella spp. Fabricius, 1780 7644 18.1 100.0 5998 21.3 857 3349 206 857 2934 23.4 100
Heteromastus filiformis (Claparede, 1864) 207 0.5 857 67 0.2 57. - - - 78 0.6 57.1
Laeonereis culveri (Webster, 1880) 6675 15.8 100 2122 7.5 100.0 2554 15.7 100.0 1736 13.8 857
Polydora nuchalis Woodwick, 1953 - - - - - - - - - 45 04 143
Prionospio heterobranchia Moore, 1907 45 0.1 429 - - - - - - - - -
Sigambra grubii Miiller in Grube, 1858 778 1.8 100.0 263 09 857 174 1.1 857 342 2.7 571
Sphaerosyllis subterranea Hartmann-Schroder, 1965 157 04 571 - - - 67 04 429 17 0.1 143
Streblospio cf. benedicti Webster, 1879 252 0.6 57.1 146 0.5 143 6 00 143 67 05 571
Oligochaeta 22691 53.8 100.0 10444 37.1 857 5947 36.6 857 2576 205 85.7
Molluska
Anomalocardia brasiliana (Gmelin, 1791) 22 0.1 286 17 0.1 28.6 6 0.0 143 6 00 143
Heleobia australis (d'Orbigny, 1835) 3209 76 143 4782 17.0 429 1137 7.0 429 1495 119 429
Tagelus plebeius (Lightfoot, 1786) 78 0.2 28.6 - - - - - - 6 00 143

Audouin, 1826 was removed from the wet periods and
Copepoda sp. 1 (Harpacticoida: Harpaticidae) from the dry
periods, both species with one single specimen in each sea-
sonal replicate; and Kalliapseudes schubartii (Mafié-Garzon,
1969) from the dry and wet seasons of 2008 (Wet I and Dry II).

Analysis of similarities performed on Bray-Curtis resem-
blance matrixes of abundance data (square root transformed)
revealed that only four to six taxa contributed to more than
90% to the total average similarities per sampling period (Tab.
VI). Among the taxa with the highest contributions, Oligochae-
ta, Capitella spp. Blainville, 1828, and Laeonereis culveri (Webster,
1880) accounted for more than 20% of average similarities each,
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alternating in average abundance among the three most im-
portant taxa explaining faunistic patterns of temporal distri-
bution. Average similarities were particularly higher in the dry
period of 2007 (dry I = 48%) and were slightly lower in the
following periods, ranging from 36 to 38%.

Comparisons between groups (sampling periods) showed
that the wet periods were slightly more dissimilar than the dry
ones, representing around 62% and 56% of average dissimi-
larities, respectively. Oligochaeta and Capitella spp. were the
main responsible taxa accounting for this difference, with a
total cumulative contribution of 42% in the dry periods and
37% in the wet periods. These taxa were followed by L. culveri
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Table VI. SIMPER results showing the average abundance (AA) and similarity (AS) of species contributing (C) the most to each sampling

period in SJLS.

Group Dry | Group Wet | Group Dry Il Group Wet Il
Species Av. Sim.: 48.13 Av. Sim.: 37.45 Av. Sim.: 38.58 Av. Sim.: 36.09

AA AS  C(%) AA AS  C(%) AA AS  C(%) AA AS  C(%)
Oligochaeta 19.3 175 363 125 101 26.8 9.6 123 320 6.3 8.6 240
Capitella sp. 11.8 109 227 9.7 104 278 7.3 9.1 237 74 12,6 3438
Laeonereis culveri 10.6 9.8 203 6.4 79 211 6.7 106 275 53 71 195
Sigambra grubei 4.1 52 107 23 3.5 9.3 1.8 2.8 7.2 0.0 0.0 0.0
Heteromastus cf. filiformis 1.9 2.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copepoda (Calanoidea) 0.0 0.0 0.0 1.8 1.8 4.7 0.0 0.0 0.0 0.0 0.0 0.0
Ostracoda (Podocopida) 0.0 0.0 0.0 5.6 1.4 3.7 0.0 0.0 0.0 5.1 2.2 6.2
Heleobia autralis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8 2.1 5.7
Total Contribution (%) 94.1 93.4 90.4 90.2

and ostracodes, together contributing with H”20% to the aver-
age dissimilarity between sampling groups.

Analysis of similarities (ANOSIM) revealed no seasonal
differences among the number of species (S), number of indi-
viduals (N), Pielou’s Evenness (J’) and Shannon-Wiener diver-
sity (H’) (Global R = -0.064, p = 0.9), suggesting greater
homogeneity in the distribution of biological attributes. In
general, the Saquarema-Jaconé lagoonal system showed an in-
creasing trend in the number of individuals from the outer to
intermediary sites (up to J1), probably due to the dominance
of oligochaetes and Capitella spp. (Fig. 4). The site located in
Salgado canal (S1) was the poorest regarding number of taxa
and abundance, being evenly represented by oligochaetes and
Streblospio cf. benedicti Webster, 1879. In Jaconé (Jc1), the wide
range in the number of individuals may be attributed to the
shift in oligochaetes, Heleobia australis (d’Orbigny, 1835) and
ostracodes dominance. Overall diversity and evenness indices
did not result in any clear pattern. Although values seemed
variable within sampling sites, the system can be characterized
by diversity levels around 0.8-1.20 with medium homogeneity
in the distribution of species (J' = 0.5-0.6).

Spatial and seasonal differences in the distribution pat-
tern of the benthic macrofaunal assemblages in SJLS were con-
firmed by multidimensional scale ordinations (MDS) and cluster
analysis (Fig. 5). In every representation, site S1 was distinctly
separated from the other sampling sites, with only 10-30% of
similarity with all other sites. The other locations accounted for
about 40% of faunistic affinities. In the dry period of 2008 (dry
1I), a greater uniformity was observed in the structure and com-
position of the macrozoobenthic community. It is interesting to
notice the grouping of sites located near the sea connection (F1
and F2) and those from the intermediary sector (J1 and Ul),
while B1, located in between, presented alternatively biological
features from both sectors.

Regarding the environmental variables best correlated
with the distribution of the macrofauna, Bio-Env results did
not point out any single variable as key structuring factor. In-
stead, usually the interaction among groups of three to five
variables accounted for the strongest correlations. In the pe-
riod dry I, silt+clay fraction appeared in the five best rank cor-
relations either with salinity at higher rank (p, = 0.70) or in a
series of different combinations including redox potential, dis-
solved oxygen, mean grain size, organic matter and/or carbon-
ates content at rather lower ranks (p ranging from 0.66- 0.68).
Dissolved oxygen, organic matter, mean grain size, silt+clay
and chlorophyll-a or pheopigments performed collaboratively
a key role in determining the faunistic pattern described in the
period wet I, with correlations varying from 0.805 to 0.87, the
highest throughout the studied period. In the period dry II,
the highest correlations (p H =~ 0.69) always comprised salin-
ity and redox potential grouped with organic matter,
phytopigments and/or silt+clay fraction. Redox potential also
performed a key role in structuring the macrozoobenthic com-
munity in the period wet II, together with organic matter and
secondarily with coarser grain fractions (pebble or sand) and
sorting coefficient, accounting for correlations between 0.73-
0.78. Heavy metals were not included in the bioenvironmen-
tal analyses because the abiotic variables themselves accounted
for correlations above 0.6 and little or no contribution would
be expected from them.

DISCUSSION

Based on the environment and biological community
patterns obtained by multivariate analyzes, no clear sectors
could be distinguished in the SJLS. In fact, a single macrobenthic
assemblage was apparent throughout the lagoon system. Little
or no significant spatial and temporal differences were observed,

ZOOLOGIA 28 (3): 365-378, June, 2011



374

C. L. T. Mendes & A. Soares-Gomes

4000
O Median [] 25%-75% _|_ 1%-99%

3500

3000 I
2500
2000
1500

il :
1000

500

Number os individuals (N)

-500
F1 F2 B1 J1 U1 S1 Jei1

Sampling Sites
1.0
O Median [] 25%-75% __ 1%-99%
0.9
0.8

0.7

0.6

Pielou's Evenness(J')

0.5

g

0.3
F1 F2 B1 J1 U1 S1 Je

Sampling Sites

O Median [] 25%-75% __ 1%-99%

Number of species (S)
® S

F1 F2 B1 J1 U1 S1 Je1
Sampling Sites

O Median []25%-75% [ 1%-99%

0.8

Shannon-Wiener Diversity (H')

o
)

04

F1 F2 B1 J1 U1 S1 Je1
Sampling Sites

Figure 4. Frequency distribution of values of biological descriptors per sampling station in Saquarema-Jaconé lagoonal system.

with the exception of Salgado canal (S1), always distinctly sepa-
rated from the other sites, which attained highest homogene-
ity during the dry period of 2008 (dry II). This structure is
consistent with the dynamic character of the habitat, charac-
terized as a typical brackish system (salinity around 20) with
low average depth and limited penetration of ocean waters
through the tidal channel. As a result, a single macrobenthic
community was observed, dominated by a few estuarine spe-
cies, resistant to both marine and freshwater inputs. These find-
ings are not in agreement with other studies in which two or
three zones with distinguishable macrobenthic assemblages
could be clearly observed from the mouth of the lagoonal sys-
tem (e.g. Koutsousas et al. 2000), following a salinity gradient.

Many environmental variables have been correlated with
the temporal and spatial distribution patterns of the
macrobenthic community in lagoonal systems, which could
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either be purely physical and chemical (BLancuer et al. 2005,
Maani et al. 2009, Mikac et al. 2007) or associated with food
supply (CoLLING et al. 2007, Macni et al. 2008). In SJLS, the com-
position and structure of the macrobenthic community seems
to be determined by complex combinations of physical and
chemical factors, mainly by the fine sediment fraction (silt+clay)
with salinity, redox potential, dissolved oxygen, organic mat-
ter and phytopigments. SJLS is dominated by sandy bottoms
(>90%) with high sedimentary organic content, reducing con-
ditions and dominance of tolerant species, what is typically
described in muddy bottoms of low-energy areas, with low
permeability to oxygen. According to McLacHLAN & BrowN
(2006), these sediments can similarly accumulate toxic
byproducts such as sulphides and ammonia due to increased
microbial oxygen uptake, resulting in anoxic and reducing
conditions which may lead to major impoverishment in spe-
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cies richness and dominance of few opportunistic taxa. There-
fore, the great number of variables involved in the explana-
tion of the macrozoobenthic community pattern is reasonable
taking into account the complex nature of physicochemical
and biological processes. Other investigations have highlighted
the interaction of many key structuring factors (e.g. BLANCHET
et al. 2005, Magni et al. 2009). Regarding salinity, its influence
in the composition and number of species is well known as it
imposes severe conditions to organisms, rendering difficulties
in maintaining osmoregulation (LirtLe 2000). Indeed, Larpicct
et al. (2001) pointed out that salinity below 18-20, as found in
the present work, is considered to be a threshold affecting the
structure of the benthic assemblages in lagoon habitats.

Heavy metals concentration levels were always lower
when compared to other studies in the region (LAcerDA et al.
1992, WassirRMAN et al. 1998, ParcaiNeELaM 1999) and reference
backgrounds from other Brazilian coastal lagoons (Santos et al.
2003, SaBapinNi-SanTos et al. 2009). Low concentrations in SJLS
did not signal for anthropogenic pollution, considering its in-
creasing urban occupation.

The bioavailability of sediment-bound trace metals is de-
pendent not only on the total metal concentration but also on
the strength of the association between the metal and sediment
compounds. Metals adsorbed to biogenic carbonates and organic
matter are much more available than metals strongly bound to
other sediment compounds, such as iron oxides and sulfides
(Lacerpa et al. 1992). According to the authors, anoxic sediments
coupled with high organic matter content due to extreme
eutrophication will favor metal precipitation as sulphides and
immobilization with refractory organic compounds, as shown
in reduced coastal environments such as salt marshes and man-
groves. Although SJLS was characterized with such harsh condi-
tions, correlations between heavy metal concentrations and
environmental variables were solely significant for organic mat-
ter and silt+clay fraction rather than redox potential. This study
lacks further assessment on the specificity of metal binding by
different sediment compounds. However, preliminary results
suggest that metal concentrations in sediments of SJLS are bound
to humic substances and, therefore, fairly available to organ-
isms. What is more, concentration levels in this study met the
primary standard criteria for biota contamination (below ERL)
established in Long et al. (1995), not representing intoxication
risks to the benthic macrofauna of SJLS. The sandy nature of the
SJLS, with fewer fine particles capable of binding heavy metals
may have resulted in the low concentrations of heavy metals
found and thus representing a minor risk factor to benthic im-
pairment. Our data update and complement the existing litera-
ture concerning heavy metals in the region. The absence of
evidences of metallic contamination in SJLS sediments make it
a reference ecosystem for further biogeochemical and
ecotoxicological studies in similar environments.

Despite the fact that the macrofauna summed up to 37
species, the benthos of SJLS is characterized by a selection of
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species within location (around 2 to 14) which are able to cope
with such adverse conditions. Species in this study outnum-
bered in more than two fold the species richness in other simi-
lar choked coastal lagoons in Brazil: Imboassica Lagoon
(FicueiREDO-BARROs et al. 2006) and Patos Lagoon (COLLING et al.
2007). Noticeable variability in the structure and composition
of the community is attributed to the occurrence of 13 rare
species (85% crustaceans) and to shifts in abundance of fre-
quent taxa. In particular, the numerically dominant species in
this study were mainly the opportunistic polychaetes Capitella
spp. and L. culveri, and oligochaetes, accounting for more than
70% of the entire lagoon’s abundance per sampling period.
Polychaete species, such as capitellids, are the most abundant
taxonomic group in lagoons with urbanized catchment (i.e.
organically polluted environments) whereas melitid crustaceans
and hydrobiid mollusks predominate in lagoons with forested
catchments (i.e., pristine environments) (Mikac et al. 2007).
This inference was true for the preserved and isolated Jaconé
lagoon (Jc1), where the detritivore hydrobiid H. australis was
particularly dominant, probably playing an important role in
nutrient cycling in the lagoon (FiGutirepo-Barros et al. 2006).

Population dynamics of deposit-feeding polychaetes,
such as Capitella spp., are well known to respond to changes in
sediment organic content. Ramskov & Forses (2008), using bio-
logical laboratory assays, suggested that the minimum high
quality organic matter concentration necessary for survival and
growth of this species is 0.2% and for reproduction is 0.5%. In
SJLS, the average organic matter content ranged from 5.0 to
7.2% in the dry periods and from 2.7 to 3.3% in the wet peri-
ods. These far more enriched concentrations can be related to
the incorporation of refractory humic material and suffice to
warrant the successful thriving of Capitella spp. in this habitat,
explaining its high dominance. Oligochaetes and L. culveri,
other subsurface deposit-feeders, are also associated with or-
ganically-enriched sediments worldwide (Magnr et al. 2005,
Pacriosa & Barsosa 2006). Observed shifts in the contribution
of each taxa per sampling period could be attributed to com-
petition among them for the same food resource (i.e. detritus)
or space (Como & Maagnt 2009).

The dominant taxa reported herein are known to be highly
resilient after a disturbance, representing the early stage of com-
munity recovery following dystrophic crises (Como & Magni
2009). During the wet seasons (summer) in SJLS, it could be ar-
gued that the system was experiencing stressful conditions due
to extremely reduced sediment surface (-178 to -238 mV). Nereids,
such as L. culveri, are reportedly tolerant to hypoxia and sulphides
during summer, reaching deeper depths in the sediments to stay
away from adverse environmental conditions (Rossi ef al. 2001,
PagrLiosa & BarBosa 2006, Como & Magnt 2009). In SJLS, the
bioturbation of these large nereids may contribute to the
reoxidation and detoxification of sulphidic sediments, directly
or indirectly favoring macrofaunal succession. Similarly, Ramskov
& Forses (2008) highlighted the important role performed by
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the highly opportunistic Capitella spp. in recolonization and
bioremediation of organically polluted sediments, providing
habitat amelioration for the establishment of other fauna spe-
cies. In the first dry period of the present study, it is important
to highlight the concomitant presence of another capitellid,
Heteromastus filiformis (Claparede, 1864), in much lower abun-
dance when compared to Capitella spp. but disappearing in the
following sampling periods. Koutsousas et al. (2000) also found
coexistence of both Capitellidae sustaining the ecological role
of Capitella spp. However, according to PEArRSON & ROSENBERG (1978)
and confirmed by SHirost et al. (2010), H. filiformis is a typical
species appearing in the second stage of the ecological succes-
sion. This finding allows drawing the conclusion that the
macrobenthic community of SJLS may have undergone regular
dystrophic conditions along the studied period, not even hav-
ing sufficient time to reach the second stage of recovery before
the occurrence of another unfavorable event.

In conclusion, SJLS is characterized by persistent physi-
cochemical stress, dominated by first-order opportunistic spe-
cies linked to organically enriched and disturbed sediments.
The macrobenthic community was reported to respond to habi-
tat perturbations over a spatial and temporal scale in terms of
biological indicators, mainly in abundance and number of spe-
cies. The anthropogenic influence on its watersheds was no-
ticed through the accumulation of organic matter in sediments
rather than the concentration of trace heavy metals (e.g. Cu,
Ni, Zn). The complex interaction of environmental variables
influenced by natural or human-induced processes renders as-
sessment of key community structuring factors difficult. The
present study provides updated knowledge regarding the
macrobenthic community of SJLS and its determining envi-
ronmental factors which may contribute to the establishment
of conservational measures and monitoring programs in order
to cope with population growth in the region.
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