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A 32-module artificial reef (concrete and tyre) was built on the coast north of Rio de
Janeiro in 1996. Temporal distribution patterns in the fish assemblage were determined
and correlations between environmental variables and species distribution investi-
gated, based on monthly sampling during 2 years (including monitoring of salinity,
pH, dissolved oxygen, water clarity, temperature, rainfall, and Paraiba do Sul river
flow). Trammel nets were used to record species richness and weight and number of
individuals on the reef site. The assemblage varied seasonally, with highest abundances
during the summer months, especially of Choroscombrus chrysurus, Rhizoprionodon
lalandii, and Mustelus higmani, while catches were generally low during the winter and
fall months. Canonical Correspondence Analysis indicated that rainfall, river outflow,
water clarity, and salinity were the environmental factors most strongly correlated with
temporal variation in the fish assemblage. The reef area is considered a high-energy
open system with continental influence. The instability of hydrological features in
combination with endogenous biological features of the reef (e.g. higher food
availability and more shelter) might control the seasonal distribution of the local
ichthyofauna.
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Introduction

The primary purpose of artificial structures is to attract
fish by providing them with more favourable habitats
than are present in the original environment. Baseline
knowledge of temporal and spatial changes in distribu-
tion of fishes is required to assess effects caused by the
deployment of artificial structures (Lin and Su, 1994).
To evaluate and predict changes in distribution patterns,
seasonal variations in hydrodynamic and environmental
variables affecting the organisms have to be understood
also. As part of an artificial reef programme on the coast
north of Rio de Janeiro, our goal was to describe
temporal distribution patterns in the local ichthyo-
fauna and to identify correlations between structural
changes in the assemblage with environmental variables.
The area has been characterized by Valentin and
1054–3139/02/0S0138+06 $35.00/0 � 2002 International Council for the E
Ribas (1993) as a transition zone between tropical and
subtropical regions of the southeast Brazilian continen-
tal shelf that is influenced by oligotrophic waters of the
Brazil Current from the north, and upwelling Central
South Atlantic Water (CSAW) from the south. In
addition, the Paraiba do Sul, the largest river of Rio de
Janeiro, influences the nearshore waters. Specifically, we
addressed the question whether species-dependent and
species-independent attributes of community structure
vary in response to environmental changes in oligo-
trophic waters that can be linked to variations in these
three water masses.
Material and methods

In April 1996, 32 reef modules were deployed in about

9 m of water, 8 km off Manguinhos Bay on the flat and

xploration of the Sea. Published by Elsevier Science Ltd. All rights reserved.
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sandy-bottom coast north of Rio de Janeiro (Figure 1).
Over a 2-year period (April 1996–March 1998), monthly
fish samples were collected at the reef site by means of
25�7-m trammel nets. Bottom water was obtained in
5-l Van Dorn bottles, and temperature, conductivity,
dissolved oxygen (Winkler method), and pH were
measured. Water clarity was estimated using a Secchi
disk. Rainfall data were provided by a nearby exper-
imental station. Paraiba do Sul River flow data were
obtained from Figueiredo (1999).

Catches were sorted by species, counted, and weighed.
The relationship between biological data and environ-
mental variables was investigated by means of
Canonical Correspondence Analysis (CCA). Species
were selected based on their frequency of occurrence
(>15%) and the abundance data were square-root trans-
formed. Environmental variables were standardized by
their standard deviation. Two analyses were carried out:
fish number vs. environmental variables and fish bio-
mass vs. environmental variables.
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Figure 1. Location of the artificial reef site (21�27�S 41�00�W) on the coast north of Rio de Janeiro.
Results
Clear seasonal patterns were observed in river flow,
rainfall, and water clarity, with high values in summer
and lower during winter (Figure 2). Regular patterns in
water temperature (range 22–26�C), salinity, and pH
were less obvious. However, pH values were higher
during 1997 and early 1998 than during 1996. Dissolved
oxygen showed great variation throughout the year
(5–10 mg l�1) with somewhat higher values recorded
during summer. Very low visibility (<0.5 m) occurred
sometimes during winter. Summer secchi-disk readings
may not be representative for the environment at the
bottom, because opaque surface layers were observed to
overlie much clearer bottom waters.

Among 1144 individuals caught during 2 years of
monitoring, 46 species have been identified (Table 1).
Twelve species had a frequency of occurrence >15% and
only Mustelus higmani, Rhizoprinodon lalandii, and
Chloroscombrus crysurus were observed in >50% of the
samples. C. crysurus dominated numerically, but in
weight M. higmani contributed slightly more. Despite a
low frequency of occurrence, Dasyactis americana,
C. brachiurus, and Elops saurus contributed markedly to
the catch weight. These large fish generally have solitary
habits.

The fish assemblage of the reef followed a clear
seasonal pattern, with increasing species richness,
number of individuals, and catch weights recorded dur-
ing spring and summer, although there were some
irregularities (Figure 3). For instance, the intermediary
peaks in number of individuals caught in May 1997 and
September 1997 are explained by relatively high catches
of C. crysurus and Sciadeichthys luniscutis. Although
more individuals were caught in 1997 than in 1998,
weights were similar. However, the large catch weight
in March 1998 was due to a single individual of
D. americana.

CCA (based on the 12 frequently observed species;
Figure 4) revealed a significant (axis 1: F=3.83; p<0.05)
temporal pattern in relation to number of individuals.
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Table 1. Frequency of occurrence (F, in %), total number of
individuals (N) and weight (W in kg) of species caught at the
artificial reef (Code: abbreviations used in Figure 4).

Species F N W Code

Anisotremus virginicus (Linnaeus, 1758) 5 1 0.03
Bagre marinus (Mitchill, 1814) 5 2 0.28
Carcharhinus brachiurus (Günther, 1870) 5 1 3.94
Cynoscion microlepidotus (Cuvier, 1830) 5 2 0.60
Centropomus parallelus (Poey, 1860) 5 1 0.63
Calamus pennatula (Guichenot, 1868) 5 1 0.82
Cynoscion virescens (Curvier, 1830) 5 1 0.75
Dasyactis americana (Hildebrand &

Schroeder, 1928) 5 1 15.10
Diapterus olisthostomus (Goode & Bean,

1882) 5 1 0.77
Eucinostomus argenteus (Baiard &

Girard, 1854) 5 1 0.09
Elops saurus (Linnaeus, 1766) 5 2 3.70
Genidens genidens (Valenciennes, 1839) 5 2 0.73
Haemulon plumieri (Lacépède, 1802) 5 1 0.02
Isopisthus parvipinnis (Curvier, 1830) 5 3 0.13
Larimus breviceps (Curvier, 1830) 5 1 0.03
Menticirrhus americanus (Linnaeus,

1758) 5 1 0.11
Pellona harroweri (Fowler, 1917) 5 2 0.05
Rhinobatos percellens (Walbaum, 1792) 5 1 0.35
Scomberomus maculatus (Mitchill, 1815) 5 1 0.57
Stellifer rastrifer (Jordan, 1889) 5 1 0.03
Selene vomer (Linnaeus, 1758) 5 1 0.15
Umbrina canosai (Berg, 1895) 5 1 0.01
Archosargus probatocephalus (Walbaum,

1792) 10 2 0.49
Conodon nobilis (Linnaeus, 1758) 10 3 0.07
Odontognathus mucronatus (Lacépède,

1800) 10 6 0.07
Pseudupeneus maculatus (Bloch, 1793) 10 2 0.13
Sphyraena sp. 10 2 0.03
Trichiurus lepturus (Linnaeus, 1758) 10 2 0.30
Anchoviella lepidentostole (Fowler, 1911) 14 3 0.18
Caranx latus (Agassis, 1831) 14 3 0.27
Carcharhinus porosus (Ranzani, 1839) 14 8 4.65
Polydactylus oligodon (Günther, 1860) 14 3 0.27
Platanichtys platana (Regan, 1917) 14 16 0.45
Sardinella brasiliensis (Steindachner,

1789) 14 3 0.13
Haemulon aurolineatum (Cuvier, 1829) 19 56 2.11 Hau
Lutjanus synagris (Linnaeus, 1758) 19 17 1.11 Lsy
Rhizoprinodon porosus (Poey, 1861) 19 7 2.91 Por
Bagre bagre (Linnaeus, 1766) 29 16 4.29 Bba
Chaetodipterus faber (Broussonet, 1782) 29 42 6.96 Cfa
Sciadeichthys luniscutis (Valenciennes,

1839) 29 52 7.82 Slu
Caranx crysos (Mitchill, 1815) 38 20 8.76 Ccr
Orthopristis ruber (Cuvier, 1830) 38 50 2.70 Oru
Opisthonema oglinum (Lesueur, 1818) 48 65 3.07 Oog
Chloroscombrus chrysurus (Linnaeus,

1766) 67 612 28.59 Cch
Rhizoprinodon lalandii (Valenciennes,

1841) 71 58 29.59 Rla
Mustelus higmani (Springer & Lowe,

1963) 76 67 15.37 Mhi
Figure 2. Temporal variation in environmental variables
monitored at the artificial reef, April 1996–March 1998 (codes
refer to Figure 4): (a) river outflow – riv; (b) rainfall – Plu;
(c) dissolved oxygen – O2; (d) salinity – Sal; (e) water
temperature – Tem; (f) water clarity – Tra; (g) pH.
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The results were broadly similar for catch weights but in
this case the pattern was not significant. The monthly
arrangement of data points confirms the temporal
pattern, with winter (e.g. August 1996, July 1997,
September 1997) and summer months (e.g. March 1997,
January 1997, December 1996) on opposite sides of the
diagram. Seasonal catches can be characterized by two
species groups (Figure 4): a winter group (Bagre bagre,
S. luniscutis and Rhizoprinodon porosus) and a summer
group (C. crysurus, Haemulon aurolineatum, Lutjanus
synagris, Opisthonema oglinum, Orthopristis ruber and
Chaetodipterus faber). Caranx crysos, M. higmani, and
R. lalandii were caught almost all year around.

River flow, water clarity, rainfall, and salinity showed
the highest correlation with temporal variation in the
fish assemblage (Figure 4), the first three environmental
variables being correlated to summer months while
salinity being correlated to the winter.
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Figure 3. Temporal variation in fish assemblage metrics moni-
tored at the artificial reef, April 1996–March 1998: (a) number
of species; (b) number of individuals; (c) catch weight.
Discussion

We analysed the biological data first, and once groups of
similar samples were recognized, the environmental vari-
ables were tested for statistical difference. This strategy
keeps the analyses separate and avoids effects of any
a priori assumptions about relationships between biota
and environment.
The general match between variation in environ-
mental parameters and variation in the fish assemblage
suggests that two water masses characterized by differ-
ent physical conditions have antagonistic effects: waters
with estuarine characteristics (high river flow and rain-
fall, low salinity) dominated during periods of highest
fish catches, whereas fish were scarce when oceanic
waters were present. Water clarity, a factor commonly
associated with oceanic conditions, seems to be more
influenced in this case by seasonal differences in wind
strength than reflecting the origin of the local water.
Nitrogen and phosphorus exported from river systems
affect estuaries and nearshore marine environments
significantly (Loneragan and Bunn, 1999). Seasonal
exports of nutrients stimulate phytoplankton and
benthic microalgal production, the primary resource in
coastal food webs (Mallin et al., 1992).

In summer, the period of high rainfall in the Paraiba
do Sul drainage basin, water with salinity <33 extended
at least 15 km north of the river mouth and covered
most of the continental shelf to a distance of about
10 km off the coast (Figueiredo, 1999). The south-
moving Brazil Current dominates circulation off

southeastern Brazil and brings tropical water (>22�C;
>36 psu; Emilson, 1961) to the area. During winter, a
water mass with Brazil Current features seems to have
prevailed at the reef. Estuaries are characterized by
extreme fluctuations in salinity, turbulence, and tur-
bidity compared to other marine environments (Lagler
et al., 1977). Although the reef site is not located in an
estuarine area, freshwater has a marked influence. This
is not so much reflected in bottom salinity, but during
summer stratification an opaque water mass that can
be classified as polyhaline (18–30 psu), overlies the
intruding more saline water at the bottom. This feature
often occurs in estuarine systems and favours several
bottom-dwelling organisms, including benthic and
demersal fishes (Levinton, 1995). The higher river out-
flow during summer should increase the fertility of
adjacent marine waters and, in combination with higher
transparency, should increase primary productivity. In
turn, this may attract fish and explain the observed
changes in distribution. In winter, when the southwest
winds are stronger, stratification disappears and water
turbidity increases.

The artificial reef presented a useful opportunity to
study the influence of environmental parameters on the
fish assemblage. However, the temporal distribution of
typical winter species may not have been influenced by
the reef. B. bagre and S. luniscutis occur commonly in
shallow, nearshore waters, inhabiting muddy or sandy
bottoms and searching for river mouths during spawn-
ing (Figueiredo and Menezes, 1978). In contrast,
the temporal distribution of typical summer species
may well have been affected. C. faber feeds on sessile
organisms and H. aurolineatum is a generalist carnivore
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Figure 4. Results of CCA ordination for (a) catch weights and (b) number of individuals (years indicated by symbols;
environmental variables by arrows; for codes see Table 1 and Figure 2).
inhabiting rocky substrates. Therefore, their spatial
distribution is expected to be associated with the reef.

We conclude that the area of the reef site represents a
high-energy, open system with continental and oceanic
water influence and reflects the instability of hydro-
logical features. In combination with endogenous bio-
logical processes at the reef, such as related to higher
food availability and shelter, environmental variability
might control the seasonal distribution of the local
ichthyofauna.
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