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Diel seasonality in fish biodiversity in a
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RUAN MANAGNA VASCONCELLOSI, FRANCISCO GERSON ARA[/I]OI, JOAQUIM NETO DE SOUSA SANTOS'

AND MARCIO DE ARA{J]O SILVA®

"Programa de P6s Graduagdo em Biologia Animal—PPGBA, Universidade Federal Rural do Rio de Janeiro, Laboratério de Ecologia
de Peixes, IB/DBA, BR 465 Km 7, 23.851-970 Seropédica, RJ, Brazil, *Agéncia Nacional de Aguas—ANA, Setor Policial, Area s,

Quadra 3, Blocos ‘B, ‘L’ e ‘M’, 70.610-200 Brasilia, DF, Brazil

Diel fluctuations in nearshore fish communities were studied at a sandy beach in south-eastern Brazil. A total of 192 samples
were performed by beach seines, during 3-hour intervals throughout 48-hour periods, between spring 2005 and winter 2006.
Mean biomass and number of species were significantly higher at night, while number of individuals did not differ between
day and night. Major disruptions in the fish community occurred during the winter when the assemblages underwent restruc-
turing. Harengula clupeola, Sardinella janeiro, Anchoa lyoleps and Umbrina coroides were the predominant species at night,
while Atherinella brasiliensis, Pomatomus saltatrix and Trachinotus carolinus peaked during the day, although significant
diel changes in community structure were recorded only in the summer. Biological interactions, behavioural variations and
local constraints might explain diel differences in the fish distribution. This study confirms that changes in diel activity in
juvenile fish species can differ in similar areas, even for a given species, and the causes of these changes needs to be

investigated.
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INTRODUCTION

Day and night succession has a strong influence on the relative
abundance of several species and changes the composition
and richness of fish assemblages in sandy beaches (Clark
et al., 1996). Very often, there is a seasonal change in the
species composition, which is also reflected in the diel varia-
tions in assemblage structure (Horn, 1980; Nash, 1986,
1988; Wright, 1989). The diel and seasonal compartmentaliza-
tion of space in the fish using open sandy beach habitat may be
a key factor in understanding how so many species can be
supported in a physically simple habitat.

In this study, two scales have been considered: diel and
seasonal. Firstly, diel variation in species abundance is an
indicator of species separation and habitat partition within
a short time frame (i.e. niche differentiation). Such variation
can present an adventitious reduction of competition for
food and space and a reduction in predatory pressure (Ross,
1986; Ross et al., 1987). Additionally, some species appear
to undergo a change in capture rate dependent on the prevail-
ing photoperiod (Eriksson, 1978; Muller, 1978a, b; Nash,
1986). Secondly, seasonal variation in the composition of
the diel component could be the consequence of changes in
behaviour patterns and assemblage structure. These changes
can be caused by migrations or movements inshore/offshore
that are dictated by ontogenetic changes (Gibson et al., 1993).
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In most environments, fish are: (i) diurnal and tend to feed
primarily during the day; (ii) nocturnal and feed by night; (iii)
feed primarily during crepuscular periods of twilight; or, (iv)
less commonly, show no periodicity. Activity patterns in fish
generally represent a direct response to changing light levels
but are also affected by the activity patterns of their predators
and prey. Predators and prey can mutually influence each
other’s activities (Helfman, 1993). These behaviours allow
the species to be characterized as diurnal or nocturnal
through observation of periods of higher activity or rest, the
latter including searching for shelter (Hobson, 1965).

Behaviour differs between species and there is often a
difference in catchability or vulnerability of species relative
to the point in the day-night light cycle (Parsley et al,
1989). It has been argued that individuals do not see nets at
a great distance during the night, therefore increasing
capture efficiencies (Wright, 1989; Walsh, 1991; Nash et al,
1994). However, some species show higher catches during
the day than at night (Nash & Santos, 1998). According to
these authors the major disruptions occur when the assem-
blage undergoes restructuring through periods of recruitment
of new year-classes and as the assemblage switches from an
overwintering to a spring/summer structure. Successful
feeding by piscivore fish occurs primarily during the transi-
tional periods of evening and morning twilight, when
diurnal or nocturnal groups essentially replace one another
ecologically (Hobson, 1974; Parrish, 1992). Although their
activities are concentrated at this time, in general, predatory
fish are highly opportunistic and will take prey at any time
of the day or night (Helfman et al., 1997). Pomadasys stridens,
a carnivorous species, showed a marked diel change in catches
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with large numbers captured in the intertidal region at night
(Wright, 1989). This may reflect some net avoidance by
these large active fish as well as a movement into the intertidal
region at night. Plotosus lineatus also showed a marked diel
difference in behaviour, since this species was captured exclu-
sively at night (Unsworth et al., 2007). This probably reflects a
movement into the intertidal region at night since the
young-of-the-year would be unlikely to avoid the trawl net
during the day.

This study examines the importance of diel fluctuations in
nearshore fish communities, including: (i) the study of day/
night catches of shallow-water fish over a 1-year period; and
(ii) a description of the major assemblage types in this area
and their seasonal variation.

MATERIALS AND METHODS

Study site

Guanabara Bay (Figure 1) is located on the coast of Rio de
Janeiro, Brazil (22°50'S 43°10'W). The bay is 36 km long,
with a mean depth of 7.6 m, reaching 30 m in the entrance
channel (Amador, 1997). Most of the circulation is accounted
for by tidal currents within Guanabara Bay. The climate is
humid-tropical (Kjerfve et al., 1997) with a warm rainy
season (December through to March) and a cool dry season
(July through to August) (Mayr ef al, 1989; Paranhos &
Mayr, 1993). The bay is surrounded by one of the largest
metropolitan areas in Brazil, with more than 11 million
inhabitants. The sampling site is a large (approximately
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Fig. 1. Study area, Flamengo beach, Guanabara Bay, Brazil.

1800 m) beach facing east in the entrance bay. The beach
has low amplitude semi-diurnal tides with 0.7 m of mean vari-
ation and the maximum tidal range is 1.5 m with a maximum
horizontal area of the beach at low water of approximately
3o0m (i.e. 54,000 m*). The mean water temperature ranges
from 20.5°C (winter) to 26.0°C (summer) and the mean
salinity ranges from 30 to 35.

Data collection

Samples were collected between spring 2005 and winter 2006
(i.e. October 2005, January 2006, April 2006 and July 2006),
to assure that samples were obtained during each season,
using a beach seine net (10.0 X 2.0-m; 7 mm mesh size). The
net was fitted with 30 m hauling ropes and set perpendicular
to the shore at a depth of approximately 1.5 m. Two people per-
formed seine hauls, one on each end of the rope, covering an
extension of approximately 30 m. The total sampled area was
considered to be the distance the net was laid offshore multi-
plied by the mean width of the haul, resulting in an effective
fishing area of approximately 300 m*. This procedure was repli-
cated three times during each 3-hour interval throughout the
48-hour period (samples collected between sunrise and sunset
were classified as day samples, while samples collected after
sunset and before sunrise were classified as night). Seine oper-
ations were conducted so coverage of the same area was not
repeated. This design resulted in 192 samples: two days, 8
samples, and three replicates for four seasons (spring,
summer, autumn and winter). The total number of individuals
and total weight for each species were recorded. Individual
weights (to the nearest 1 g) were obtained for each sample.
The three samples at each sampling time were summed to
give one total. Capture per unit effort (CPUE) was standardized
by the number and weight of fish per 100 m* All samples were
taken during spring tide, near to the full moon. The average
catch was then calculated for day and night in each season.

Diel variation in number of individuals and biomass was
calculated as the proportion of the catch during the day rela-
tive to the night (day/(day + night)). Values above o.5 indi-
cate a greater catch during the day, and catches below o.5
indicate night predominance. The degree of diel stability in
assemblage structure was compared for each season using
ANOSIM. Similarities in the percentage of numbers of indi-
viduals for the whole assemblage were compared between
day and night for each season, and between season for the
pooled day and night catches, using the SIMPER procedures
in the PRIMER software package (Field et al., 1982; Clarke,
1993). The numerical abundance data were root-root trans-
formed and converted into a triangular matrix of similarities
between day and night for each season, and between each
pair of seasons for both day and night.

Two-way analysis of variance (ANOVA) was used to test
diel versus season interactions of number of individuals for
the most abundant species. Logarithmic transformations
[logio(x + 1)] of fish abundance (number) data were per-
formed to meet assumptions of normality and homoscedasti-
city and to reduce the bias of abundant species. The
consistency of diurnal or nocturnal variation in catches was
examined using paired t-tests on the catch data for each
species. These paired t-tests checked for differences in the
number of individuals or biomass for either day or night
catches in each season. ANOVA and t-tests were performed
using STATISTICA 7.1.



RESULTS

A total of 25,788 individuals and 63 fish species were caught
during the investigation. Over the entire year, spring 2005
to winter 2006, a slightly higher total number of individuals
were measured during the day (13,001) than at night
(12,787) (Table 1).

The day catch, as a proportion of the total catch in both
number of individuals and biomass for each season, was
used to compare changes in diel catch rate. The relative
number of individuals caught during the day and night
varied between seasons (Figure 2). The spring (o.44) and
winter (0.27) were characterized by a higher relative number
of individuals at night, while summer (0.61) and autumn
(0.55) had more individuals during the day. On the other
hand, spring (0.46), summer (0.46) and winter (0.30) had
more biomass at night. Mean biomass and number of
species were significantly higher at night, while number of
individuals did not differ between day and night (Table 2;
Figure 3).

Harengula clupeola, Atherinella brasiliensis, Pomatomus
saltatrix, Trachinotus carolinus, Umbrina coroides, Sardinella
janeiro and Anchoa lyoleps were the seven most abundant
species, accounting for 96.1% of the total number and 90.5%
of the total biomass (Table 1).

Seven species were caught exclusively during the day while
seventeen species were caught exclusively at night (Table 1).
However, this could be considered as ‘non-representative’
for all species due to their low number of individuals.

During both day and night, there were low similarities
between spring and winter, autumn and winter, and
summer and winter, both in the distribution of number of
individuals and biomass (Table 3). It indicates that there
were major differences in assemblage structures in the
winter compared with the other seasons.

At the assemblage level, diel changes were detected only
during the summer according to ANOSIM. Changes during
this season were due to dominance of T. carolinus and A. bra-
siliensis during the day, and A. lyolepsis, U. coroides and S.
janeiro during the night. Additionally, D. argenteus, C. latus
and T. falcatus also contributed to the within similarity
during the day, and O. ruber, G. luteus and E. gula, during
the night (Table 4). In the winter, in spite of predominance
of H. clupleola and S. janeiro during the night, the low
average similarity in both, day (42.58%) and night (39.41%)
contributed to non-significant diel differences in assemblage
structure.

The most abundant species peaked at a particular season and
changed abundance between day and night according to the
season (Table 5; Figure 4). Trachinotus carolinus and A. brasi-
liensis tended to be more abundant during the day, peaking
during summer (Figure 4). On the other hand, U. coroides, H.
clupeola, A. lyoleps and S. janeiro tended to be more abundant
during the night, peaking during spring (U. coroides and H. clu-
peola), summer (A. lyoleps) and winter (S. janeiro) (Figure 4).
Pomatomus saltatrix occurred predominantly during the
spring, and tended to be more abundant during the day.

The interaction between season and day/night catches was
examined for the species given thus far in this section. The
only species that did not show an interaction between
season and day/night catches were H. clupeola and S. janeiro
(Table 5), indicating that their diel patterns were consistent
throughout the seasons.

DIEL SEASONALITY IN FISH BIODIVERSITY

DISCUSSION

The diel cycle plays an important role in fish richness and
biomass at Flamengo beach, with a higher number of
species and a larger biomass found during the night. The
number of species was consistently higher at night for all
seasons (especially during spring). Biomass was higher at
night in all seasons except autumn. It was expected that
higher abundances would occur at night, since behaviour
and catchability or vulnerability of species differs according
to the point in the day-night light cycle (Parsley et al,
1989). However, in this work, some abundant species had
higher catches during the day, such as: P. saltatrix, T. carolinus
and A. brasiliensis. As seen in this study and also, for example,
by Wright (1989), some species are absent from catches
during one time period or another. Similarly, the number of
individuals can be different between day and night with
many species occurring during both time periods, but being
especially abundant only in one. The number of individuals
was slightly more abundant during the day during the
summer and autumn, and at night during the spring and
winter. The greatest number of individuals to occur during
the day was found by Nash & Santos (1998) for a fish assem-
blage from Porto Pim Bay (Azores) and Barreiros et al. (2005)
for a fish assemblage in a sandy beach in southern Brazil.

The presence of fish schools, such as A. brasiliensis, strongly
influenced sampling during the day. Schools are generally larger
and more common during the day, probably because they offer
protection against predators that hunt visually, such as P. salt-
atrix. Nocturnal fish may even rest in groups during the day for
the same reason. At night, solitary fish or small schools are
more common (Helfman, 1993). Pomatomus saltatrix are
widely described as having nocturnal activities and using the
shallows for feeding and growth (Kendall & Walfard, 1979;
Wilber et al., 2003). Pomatomus saltatrix doubles in size (60
to 120 mm total length) and preys on small fish, mainly the
shoals of Clupeiformes (Felix et al., 2007). Conversely, in the
present work, this species was more abundant during the day,
which could be attributed to the more common presence of
competing predators at night or they are using shallow water
as refuge from diurnal predators given their small size.
Predators such us T. lepturus, D. volitans, and E. saurus were
caught mostly, and in some cases exclusively, at night, which
is compelling evidence that these species seek early juveniles
at sandy beaches for prey, such as the abundant Clupeiformes
H. clupeola and S. janeiro. Furthermore, adult T. lepturus that
were larger than 50 cm in total length were also recorded in
the samples taken at night, corroborating the hypothesis that
predators are active at sandy beaches mainly during this
period of the day.

Most juvenile fish come to shallower waters to feed on
plankton or small invertebrates during the day (Wright,
1989). This could be due to better visual acuity with high
light conditions, or because fish are following the movements
of phototactic prey organisms. The findings of the present
work are not in accordance with these hypotheses, since
most abundant plancktophagous species, such as H. clupeola,
S. janeiro and A. lyoleps, were mainly found during the night.
These species probably use senses other than vision to detect
and capture prey. On the other hand, A. brasiliensis (preying
mainly on plankton), and T. carolinus (preying on small
invertebrates), probably use vision as their primary sense to
capture prey during the day.
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Table 1. Total catch during the day or night for each species at Flamengo beach, 2005/2006. °, species that occurred exclusively during the day; ™, species

that occurred exclusively during the night. +, value less than 0.01%.

Scientific name Day Night

No. No. % Wt. Wt. % No. No. % Wt. Wt. %
Harengula clupeola 8206 63.12 19473.72 54.62 9733 76.12 28064.06 66.26
Atherinella brasiliensis 2298 17.68 2183.42 6.12 701 5.48 870.1 2.05
Pomatomus saltatrix 936 7.20 7105.08 19.93 605 4.73 5475.19 12.93
Trachinotus carolinus 832 6.40 3173.09 8.90 381 2.98 1273.44 3.01
Umbrina coroides 74 0.57 311.89 0.87 327 2.56 387.37 0.91
Sardinella janeiro 55 0.42 433.9 1.22 334 2.61 1445.76 3.41
Anchoa lyoleps 67 0.52 107.68 0.30 227 1.78 304.01 0.72
Menticirrhus litorallis 73 0.56 165.74 0.46 77 0.60 102.68 0.24
Diplodus argenteus 81 0.62 491.92 1.38 49 0.38 173.05 0.41
Mugil liza 76 0.58 247.9 0.70 51 0.40 6.08 0.01
Trachinotus goodei 70 0.54 253.5 0.71 40 0.31 197.9 0.47
Eucinostomus argenteus 31 0.24 439.1 1.23 62 0.48 845.77 2.00
Trachinotus falcatus 31 0.24 72.9 0.20 28 0.22 50.45 0.12
Orthopristis ruber 1 0.01 1.4 + 34 0.27 332.71 0.79
Sphoeroides greleyi 31 0.24 232.93 0.65 4 0.03 30.77 0.07
Caranx latus 25 0.19 382.54 1.07 8 0.06 196.38 0.46
Syngnathus pelagicus 18 0.14 7.74 0.02 9 0.07 1.13 +
Cosmocampus elucens 13 0.10 13.41 0.04 7 0.05 0.82 +
Chaetodipterus faber 11 0.08 22.64 0.06 6 0.05 12.08 0.03
Eucinostomus gula 6 0.05 116.5 0.33 7 0.05 158.33 0.37
Dactyloscopus crossotus 4 0.03 3.02 0.01 6 0.05 3.33 0.01
Anchoa tricolor 7 0.05 19.79 0.06 2 0.02 3.46 0.01
Synodus foetens 3 0.02 11.88 0.03 6 0.05 42.32 0.10
Fistularia tabacaria 3 0.02 36.45 0.10 5 0.04 18.2 0.04
Elops saurus 1 0.01 0.17 + 7 0.05 1.86 +
Genyatremus Tuteus N - - — 8 0.06 20.94 0.05
Selene vomer 2 0.02 15.5 0.04 5 0.04 45.3 0.11
Trichiurus lepturus N - - - — 7 0.05 895.5 2.11
Astroscopus y-graecum 4 0.03 27.5 0.08 3 0.02 82.23 0.19
Sphoeroides tyleri 6 0.05 72.24 0.20 1 0.01 8.98 0.02
Lagocephalus lagocephalus 3 0.02 9.38 0.03 3 0.02 110.99 0.26
Fistularia petimba 4 0.03 10.09 0.03 2 0.02 22.78 0.05
Cantherines pullus 1 0.01 3.8 0.01 4 0.03 2.26 0.01
Carangoides bartholomaei b 5 0.04 126.2 0.35 — — — —
Polydactilus virginicus 4 0.03 44.55 0.12 1 0.01 7.34 0.02
Chilomycterus spinosus N - - - — 4 0.03 413.26 0.98
Pomadasys corvinaeformis 2 0.02 5.47 0.02 2 0.02 0.27 +
Boridia grossidens 2 0.02 3.93 0.01 2 0.02 4.84 0.01
Polydactylus oligodon 2 0.02 6.83 0.02 1 0.01 13.4 0.03
Dactylopetrus volitans ™ — — — - 3 0.02 23.31 0.06
Trachurus lathami N - - - — 3 0.02 6.17 0.01
Sphyraena tome 1 0.01 5.24 0.01 2 0.02 14.27 0.03
Sphoeroides testudineus 2 0.02 3.07 0.01 1 0.01 0.46 +
Epinephelus itajara N — — — - 3 0.02 0.79 +
Bryx dunkeri b 2 0.02 0.04 + — — — —
Micropogonias furnieri N — — — - 2 0.02 574.38 1.36
Prionotus punctatus 1 0.01 0.51 + 1 0.01 51.1 0.12
Lagocephalus laevigatus - - - - 2 0.02 6.67 0.02
Menticirrhus americanus 1 0.01 0.3 + 1 0.01 8.75 0.02
Eucinostomus lefroyi 1 0.01 1.09 + 1 0.01 0.39 +
Canthidermis sufflamen ° 2 0.02 0.13 + - - - -
Epinephelus morio ° 1 0.01 0.55 + - - - -
Selene setapinnis ™ - - - - 1 0.01 7.1 0.02
Mugil curema ° 1 0.01 0.22 + - - - -
Rachycentron canadum N — — — — 1 0.01 14.31 0.03
Anchoa januaria N - - - - 1 0.01 2.38 0.01
Mugil platanus N - - - - 1 0.01 0.15 +
Canthigaster rostrata ™ - - - - 1 0.01 0.42 +
Scartella cristata ™ — — — - 1 0.01 6.95 0.02
Citharichtys macrops ™ - - - - 1 0.01 1.26 +
Hemicaranx amblyrhynchus b 1 0.01 7.94 0.02 - - - —
Cetengraulis edentulus N - - - — 1 0.01 11.37 0.03
Stellifer rastrifer ™ - - - - 1 0.01 0.51 +
Total 13,001 35,652.89 12,787 42,356.08
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14 Table 4. Results of ANOSIM (R) and SIMPER to compare fish assem-
blages between day and night for each season. Those species contributing
0.8 to 90% to the average similarity are listed. av sim, average similarity.
=
'3 0.6 Species Day Night
S
i-%
E 0.4 1 Spring Av total number Av sim  Av total number Av sim
0.2 (R = 0.133; (number X 57.68% (number X 57.93%
) P = 0.07) 100m~?) 100 m~?)
0
H. cl 1 .6 . . .
Spring Summer Autumn Winter clupeota >1:04 2417 73-10 2134
P. saltatrix 12.82 17.13 8.01 12.38
Seasons T. carolinus 2.06 6.30 2.58 8.89
Fig. 2. Seasonal variation in the proportion, day relative to night, of number of 4. brasiliensis ~ 0.92 1.61 - -
individuals (closed circles) and biomass (open circles). S. pelagicus 0.24 1.22 — -
C. elucens 0.13 1.21 - -
M. liza 0.97 1.21 — —
Table 2. Day or night predominance of catches at Flamengo beach, Brazil. U. coroides - - 4.01 7.83
D, day; N, night. T. goodei - - 0.16 1.90
t (D/N) P Summer Av sim Av sim
(R = 0.37; 58.48% 53.80%
Number of individuals 0.08 (—) 0.93 P = 0.003)
Biomass —2.43 (N) 0.04
Number of species —3.75 (N) 000 T carolinus 6.43 13.38 0.93 5.40
A. brasiliensis  21.68 11.69 0.92 8.38
H. clupeola 13.04 7.44 20.03 14.36
. L. . . E. argenteus 0.2 91 o. .80
Biomass was significantly higher at night due to the noctur- genter 4 +9 75 3
K K M. litorallis 0.26 4.62 0.15 1.38
nal habits of adult species that are less numerous and less . goodei 045 376 024 a3
gregarious (large.r individt.lals.). This is the case of C. spinosus D. argenteus  0.99 T a— _
(autumn and winter) weighing 270 g, O. ruber (spring) at ¢ laus 0.19 314 - _
116 g and M. furnieri (summer) at 514 g. In addition, the T falcatus 0.15 3.08  — -
number of species found throughout the season was compara-  A. lyoleps - - 2.55 6.92
tively higher during the night. These findings are in accord- S janeiro - - 0.99 2.67
ance with Wright (1989) for an intertidal fish assemblage in ~ U. coroides - 0.11 2.03
Kuwait and Nash & Santos (1998) for a fish assemblage in 0. lmber - - 0.08 1.85
Porto Pim Bay (Azores). In this work, increased richness at G. luteus B B o1t 1.22
. . E. gula - - 0.09 1.21
night was probably due to the larger number of rare species
Autumn Av sim Av sim
= —0.017; 55.64% 51.20%
0 R % %
1 P = 0.56)
$ 3. H. clupeola 48.13 16.43 37.46 22.74
g_ A. brasiliensis ~ 9.76 11.72 8.71 7.99
%5 20 - T. carolinus 1.51 9.19 0.68 8.36
g T. goodei 0.22 3.75 0.09 1.34
§ 10 - U. coroides 0.16 3.58 0.08 2.13
= D. argenteus 0.11 2.36 - -
C. faber 0.13 2.33 - -
o+ S - S o
Siie — — _ M. litorallis 0.09 1.41 — —
T 1
L T H g O. ruber — 0.37 4.59
Seasons
Winter Av sim Av sim
Fig. 3. Seasonal variation in the numbers of species during either the day (R = 0.099; 2.58% 1%
(open triangles) or night (closed triangles). -099; 42557 39-41%
P = 0.16)
T. li . . . .
Table 3. Percentage similarity in assemblage structure between successive ca.ro mu.s 143 13:32 103 1975
M. litorallis 0.72 12.64 0.72 4.94
seasons.
U. coroides 0.56 5.05 0.28 4.95
Seasons Day Night S. greleyi 0.20 4.57 - -
M. liza 0.06 2.89 - -
Number of  Weight Number of  Weight H. clupeola - - 3.21 5.27
individuals individuals S. janeiro — — 2.76 1.45
Spring/summer 34.61 33.03 38.90 35.05
Spring/autumn 41.41 37.16 39.71 36.86
Spring/winter 20.79 18.64 34.65 33.54 recorded during the nocturnal period (17) compared with
Summer/autumn 52.47 52.02 46.37 42.66 . .
Summer/winter 23.01 21.74 30.26 27.44 the diurnal p eriod (6)
. ‘ ' ' ' This study examines the stability and persistence of the day
Autumn/winter 21.54 20.86 29.71 30.48

and night assemblage structures over an intra-annual cycle.

1341



1342

RUAN MANAGNA VASCONCELLOS ET AL.

Table 5. Results of two-way ANOVA (seasons, day/night, seasons times

day/night) for comparisons of abundances of fish species. df, degree of

freedom; N, night; D, day; Seasons: 1, spring; 2, summer; 3, autumn; 4,
winter. *P < 0.05; **P < 0.01.

Species Seasons Day/night Seasons
(df = 3) (df = 1) versus day/
night
(df = 3.1)
F P F P F P
H. clupeola 79.83  0.00 ** 7.33  0.00 ** 1.49 0.22
(1,3 > 2,4) (N > D)
A. brasiliensis  44.74 0.00 ** 23.01  0.00 ** 9.56 0.00"*
(2,3 > 1,4) (D >N)
P. saltatrix 276.0 0.00 ** 1.2 2.73 3.7 0.01%*
(1> 2,3,4)
T. carolinus 6.81 0.00 ** 13.82  0.00 ** 9.38 0.00"*
(1,2 > 3,4) (D> N)
U. coroides 9.22 0.00 ** 5.62 0.00 ** 9.64 0.00"*
(1> 2,3) (1> 2,3)
S. janeiro 4.25 0.00 ** 8.52  0.00 ** 2.10 0.10
(4>3) (N> D)
A. lyoleps 17.22  0.00 ** 9.39 0.00 ** 8.75 0.00"*
(2 > 1,3,4) (N > D)

There are a number of variations between the day and night
assemblages over seasonal cycles. However, the presence of
similarities above 50% does suggest that many species occur
in both time periods (Helfman, 1986). In the present work,
spring, summer and autumn showed an average similarity
above 50% for both day and night period. On the other
hand, winter had the lowest number of species and the
lowest similarity in both day and night, indicating that
during this season most changes occurred at community
level. The major winter disruptions of fish assemblages
occurred when the assemblage underwent restructuring
through periods of recruitment of new year-classes and as
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Fig. 4. Seasonal catch variation in numbers of Pomatomus saltatrix,
Trachinotus carolinus, Atherinella brasiliensis, Umbrina coroides, Harengula
clupeola, Anchoa lyoleps and Sardinella janeiro during the day (open circles)
and night (closed circles).

the assemblage switched from the winter to the spring/
summer/autumn structure.

Evidence for a distinct diurnal or nocturnal structure of fish
assemblages at Flamengo beach was detected only in the
summer. During this season, the relative abundance contri-
bution to within similarity can also differ between the
day and night for many species. Trachinotus carolinus and
A. brasiliensis occurred in high abundance during the day. On
the other hand H. clupeola and A. lyoleps occurred mainly
during the night. Additionally, the comparatively less abun-
dant D. argenteus, C. latus and T. falcatus occurred mainly
during the day, while S. janeiro, U. coroides, O. ruber, G.
luteus and E. gula, during the night. Diel variation in fish
assemblages is an indicator of species separation and a parti-
tioning of the habitat along a photoperiod axis. The selective
advantage of such a partitioning can be manyfold including
reductions in competition for food and/or space and avoid-
ance of predation (Ross, 1986). The reasons for diel changes
in fish assemblages during the summer found in this study
need further understanding. The temperature stress during
the summer could be reflected in the differential susceptibility
and species-specific changes in behaviour increasing their pre-
ference for either day or night. Behaviours such as foraging
may have contributed to the diel patterns (Hagan & Able,
2008). The summer dominant A. brasiliensis and T. carolinus
could have preference for foraging during the day and show
territorialism behaviour, with other abundant species adapt-
ing their foraging behaviour for the night period, thus decreas-
ing competition.

In spite of a particular diel preference, the same species
have been frequently recorded during diurnal and/or noctur-
nal periods by different authors, due to different net sizes or
because these variations are more associated with the behav-
iour (horizontal and vertical migrations) of some species for
feeding and protection (Albert & Bergstad, 1993; Gibson
et al., 1996). There is no previous information available on
the diel periodicity in the catches of many of the fish species
found in Guanabara Bay. However, behavioural traits may
not be similar at the species level in areas close to the Bay.

Comparisons between the findings of the present work in
the Guanabara Bay (latitude = 22°50'S) with the available
information on the shallow fish community of the Sepetiba
Bay (23°S), a nearby embayment in south-eastern Brazil,
can be done. For example, A. brasiliensis, in the Sepetiba
Bay, was recorded throughout the year, except for autumn,
and occurred in both periods (day and night) in similar abun-
dances (Pessanha & Araujo, 2003). In Guanabara Bay (the
present study), this species showed a seasonal peak in
summer and was more abundant during the day. Harengula
clupeola, for Sepetiba Bay, occurred in autumn-winter only,
with abundances peaking at sunset and during the night
(Pessanha et al., 2003). For Guanabara Bay, the abundance
was lowest during the winter. Anchoa tricolor was recorded
primarily during the day in winter and spring for the
Sepetiba Bay, while con-generic Anchoa lyoleps was absent
for Guanabara Bay in winter and peaked during summer
nights. Therefore, it is reasonable to suppose that the diel
activity is strongly influenced by the local habitat constraints,
even when comparisons are performed between similar closed
systems, such as Sepetiba and Guanabara Bays. Habitat
structure, which is unique to each beach, as well as biotic
interactions, could be the underlying factors influencing the
use of the tropical beaches by juvenile fish. Additionally,



competitive interactions may be a dominant feature shaping
juvenile fish assemblages since resource partitioning describes
the limits that interspecific competition imposes on the
number of species that may stably coexist (MacArthur,
1965; Schoener, 1974; Roughgarden, 1976, 1983).

Some species appear to switch from day to night, or vice
versa, during the year. Care must be taken when describing
assemblage dynamics to include this factor if only one time
frame is being considered. As seen here, abundance fluctu-
ations may not be as severe as first perceived because
species can switch their behavioural habits. Some studies
that have considered changes in spatial distribution are poss-
ibly documenting changes in diel behaviour, either alone or in
combination with spatial changes (Rainer, 1984). This study
confirms that changes in diel activity in juvenile fish species
can differ from other areas, even for a given species. The
potential causes of such changes need to be thoroughly
investigated.
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