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Abstract: In Caeté Estuary, the decrease of larval abundance downstream was attributed to reduced retention, since ebb
tide densities prevailed mainly in the middle and lower estuary during the rainy season due to increased freshwater outflow. Anchovia clupeoides, Stellifer microps and Guavina guavina were most abundant in the late dry season on flood
tides in the upper estuary, whereas ebb tide densities of these species prevailed in other regions. Environmental fluctuations associated with lunar periodicity, such as tidal amplitude, may account for weekly variability of recruitment and reproduction of some fish species. A. clupeoides showed increased spawning activity during first quarter moon, whereas
new moon phases seemed to be reproduction periods of Cynoscion acoupa. Vertical migration was not employed by the
most abundant species to enable river retention, since larval densities of these species were not significantly higher at the
bottom on ebb tides, except for C. acoupa and Stellifer rastrifer. This result may be related to system turbulence or to the
dominance of younger stages unable to migrate vertically at the time of sampling. Lateral movement to the river bank is
proposed as a possible retention mechanism. Diel effects on larval abundance related to trophic activity and gear avoidance.
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INTRODUCTION
Many studies on larval fishes have concentrated on elucidating the way in which marine species are transported into
estuaries [1-3]. Typically, the circulation in estuaries provides an outflow of fresh or brackish water over the incoming wedge of saline water [4]. This two-layered circulation
pattern allows for passive transport of offshore-spawned
species at the bottom of the water column upstream to nursery areas using tidal flows as a primary transport mechanism
[5]. “Selective tidal stream transport” is a mechanism
whereby organisms can maintain a certain position in estuaries, or achieve net upstream movement, by active vertical
movement [6]. Organisms enter the water column while the
tidal flow is in the direction of upstream migration, and leave
when it is in the opposite direction [7]. Endogenous activity
rhythms are also important in recruitment to estuarine nursery areas [5]. Some organisms have evolved elaborate behavioural patterns that increase the chances of entering estuaries.
However, until very recently, no studies on estuarine larval
fish communities were made in North Brazil [8, 9]. The aims
of the present study were to assess the influence of lunar
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cycles on the composition and abundance of fish larvae in a
tropical estuary and; to give insight into the factors influencing reproduction. Possible retention mechanisms were examined, investigating the abundance and composition of the
larval fish community at the different combinations of tide,
daytime, and layer.
MATERIALS AND METHODOLOGY
Study Site
The Caeté Estuary is situated in the State of Pará, North
Brazil, about 200km southeast of Belém. During the rainy
season, increased freshwater runoff from Caeté and Urumajó
rivers reduces salinity in the Caeté Estuary. During the dry
season marine waters with higher salinity prevail [10]. Fairly
strong tidal currents result in almost no vertical salinity gradient in the Caeté Estuary [11]. Sampling stations were situated along a transect in Caeté River Estuary spread in three
zones (a, b, c) based on the salinity gradient of the estuary
(Fig. 1).
Sampling Methods
A conical plankton net (300 m, 60cm mouth , 2m
long) was equipped with a digital flow meter (Oceanics),
which measured the filtered water volume. Each sampling
consisted of a 10 minutes haul. A combination of weights
and floats allowed positioning the net near the bottom or at
2009 Bentham Open
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Fig. (1). Study area, showing the position of the three sampling
areas a, b and c in the Caeté Estuary, corresponding to the upper,
middle and lower reaches of the estuary.
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the water surface, respectively. Three bottom and three surface hauls were performed monthly in each region of the
Caeté River Estuary on successive ebb and flood tides at
approximately 6 hours intervals from July 1996 to September 1997. One sampling unit is constituted of three months
with three replicates per tide in each region, resulting in nine
replicates per unit. Additionally, sampling was carried out
four times a month in September 1996 (end of dry season)
and March 1997 (end of rainy season) to take the four different lunar phases into account. These months were chosen for
collection as the highest spring and the lowest neap tide occur in this period. Six ichthyoplankton samples were collected each month in the upper region of the estuary (a), because of strong currents in the other zones, especially during
full- and new moon. A sampling unit is constituted of two
months per moon phase, resulting in a total of 96 sampling
deployments. Moreover, 30-h sampling sessions were undertaken in December 1996 (dry season) and June 1997 (rainy
season) during first quarter moon, since the lowest tideraising forces are created in this period. Sampling stations
were located in the middle reaches of the Caeté Estuary, because of its proximity to the mangrove forest. Each sampling
trip consisted of a surface set followed immediately by a
bottom set on consecutive ebb and flood tides for a period of
30 hours. The total number of samples amounted to 72 (i.e.
four tidal periods with three top and three bottom samples
during each tidal period). During all sampling procedures,
surface salinity (WTW LF 197), temperature, current and
depth were monitored. Samples were immediately fixed in
4% buffered formalin in seawater.
Laboratory Procedures
The number of individuals per taxon were counted from
the entire sample and then converted to a standard water
amount of 100m3. Species identification was done using the
appropriate literature from [12-28]. The ichthyoplankton
were categorised in developmental stages, according to that
previously proposed in the specialized literature [29]. Body
length was measured to the nearest 0.1mm. Size-frequency
histograms based on pooled data were constructed for the
dominant species for each sampling session.
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Fig. (2). Monthly means of the environmental variables of surface
samples in the upper, middle and lower reaches of the Caeté Estuary, for the study period.

Statistical Analysis
Differences in number of species, total densities and densities of the most abundant species between sites, depths,
time of the day, tidal periods and moon phases were tested
for significance using two- or three-way analysis of variance
(ANOVA). Since the abundance matrix contained many zero
values, the raw data were log-transformed [log10 (X+1)] so
their distributions approached normality. The assumption of
homogeneity of variance was tested using Bartlett’s Chi2 test. Since the variance was still often heterogeneous, conclusions from the results of ANOVAs have concentrated on
those cases where significant levels were less than 0.01 [30].
Where ANOVA showed a significant difference, an a posteriori Student-Newman-Keuls (SNK) test was used to determine which means were significantly different at the 0.05
level of probability [30].
RESULTS
Environmental Variables
Tidal Study
The upper estuary is shallower (mean: 4.7m), has lower
salinities (0-10), stronger ebb and flood currents (55.6 and
43.6 cm.s-1, respectively), and more variable temperatures
(26.6 – 29.6°C), than the other regions. The middle estuary
can be classified as an intermediate between the two other
regions (salinities of 3.8 – 26.9). The lower estuary is deepest (mean: 7.1 m), has highest salinities (17.2 – 36.5),
weaker ebb and flood currents (31.4 and 24.4 cm/s), and less
variable temperatures (27.8 – 29.3°C). Salinity underwent
very pronounced seasonal changes between April 1997 and
September 1997, except for the upper reaches of the estuary
(Fig. 2). The low salinity in the late rainy season was due to
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Fig. (3). Mean salinity during the different lunar phases in September 1996 and March 1997 in the upper reaches of Caeté River.
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Fig. (4). Mean tidal variations of salinity of surface samples in the middle reaches of the Caeté Estuary in December 1996 and June 1997.

a massive increase in freshwater discharge. Differences in
salinity among regions were observed, when compared with
the seasonal and tidal changes. Lower salinity values were
registered in the upper estuary and on ebb tide. Temperatures
differed between seasons, sampling sites and tides (Fig. 2).
Lower values were registered in the late rainy season, on ebb
tide and in the upper and middle estuary, when compared
with the other seasons, sites and tide.
Lunar Study
In September 1996, mean salinity values were higher on
flood tides during all moon phases, with a peak at full moon
(Fig. 3). High rainfall in March 1997 resulted in low salinities with no differences between tides, except at new moon
due to less rain. During this moon phase, salinity was even
higher than in September, possibly due to a higher sea level,
as precipitation was almost equal in both months (Fig. 2 and
3).
Diel Study
In December 1996, mean salinity was lower at ebb than
at flood tides, except at 21h00, whereas in June 1997 salinity
remained low and varied little between tides (Fig. 4).
Species Composition
Tidal, Spatial and Seasonal Variation
Higher species numbers were registered on ebb tides than
on flood tides (Fig. 5 and Table 1). However, differences
were only significant in the middle and lower estuary (Table
2). Tidal differences were most marked in January and February (early rainy season) in the middle and lower estuary,
showing higher values on ebb tides, whereas the upper estu-

ary exhibited higher species numbers on flood tides during
this period (Fig. 5). Tide was a significant factor for larval
density only in the middle and lower estuary (Fig. 5 and Table 2). Larval densities in these regions were significantly
higher on ebb tides (P < 0.001). Ebb tide densities were distinctly higher from February to April (early rainy season) in
the middle estuary, suggesting seaward drift of larvae due to
increased freshwater outflow during the rainy season (Fig. 5
and Table 2).
Species abundant in ebb tide samples in the middle estuary were Anchovia clupeoides, Stellifer microps, and Lycengraulis grossidens (Table 1). On ebb tides in the lower estuary specimens of A. clupeoides, Rhinosardinia amazonica
and Anchoviella brevirostris predominate in the catches (Table 1). Although higher densities were registered in the upper
estuary during flood tides, especially in December 1996 (late
dry season) (Fig. 5 and Table 2), which may be attributed to
increased larval input from seaward localities and hence accumulation of larvae, particularly of S. microps, A. clupeoides and Cynoscion acoupa (Table 1) due to low freshwater
discharge in the dry season.
Lunar Variation
In September 1996 and March 1997, a total of 26,658
larvae were collected, representing 48 taxa and 21 families,
respectively (Table 3). Cynoscion acoupa, Stellifer stellifer,
Pimelodus blochii and an unidentified species (Species B)
were relatively abundant in March 1997, but contributed
little to the larval assemblage in September 1996 (Table 3).
In September 1996 the larval assemblage was dominated by
S. microps followed in order of relative abundance by A.
clupeoides, C. acoupa, Apionichthys dumereli and Stellifer
rastrifer (Table 3).
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Fig. (5). Mean densities and number of species (+ s.d.) recorded in each month at the different regions of the Caeté Estuary between December 1996 and September 1997, during ebb and flood tide.

The mean number of species and densities differed significantly amongst moon phases (P < 0.001) and the interaction terms were significant (P < 0.001) but no significant
differences were found among months. SNK tests showed
that mean species numbers and densities were significantly
higher during new- and first quarter moon compared with the
other moon phases. Two-way ANOVAs showed that from
the mean density of the most abundant 18 species, 14 differed significantly amongst moon phases (P < 0.01) (Table
4). Month was a significant factor at P < 0.01 for five species. The moon vs. month interaction term was also significant at P < 0.01 for 11 species. For R. amazonica, L. grossidens, P. blochii, Aspredo aspredo, Microgobius meeki and
Micropogonias furnieri the mean squares for the interaction
terms were higher than those for the most highly significant
main effects (Table 4). Lunar changes were most pronounced
for C. acoupa, where the SNK test showed that the densities
during new moon were significantly greater than during the
three other moon phases (Table 4). Similar lunar changes
were recorded for S. rastrifer, Achirus sp., S. stellifer, Stellifer sp., R. amazonica, Aspredinichthys sp. and M. furnieri.
The mean densities of S. microps, A. clupeoides, A. dumereli
and eggs were significantly greater during first quarter

moon, whereas Pseudauchnipterus nodosus and M. meeki
showed higher mean densities during full moon compared
with the other moon phases (Table 4).
Diel, Vertical and Tidal Variation
In December 1996 and June 1997 mean densities of 115
larvae per 100 m3, representing 31 taxa and 13 families were
collected in the middle estuary (Table 5). The most abundant
species in both months was A. clupeoides. Stellifer microps
was prevalent in December, contributed however little to the
June catch (Table 5). Rhinosardinia amazonica was recorded
in moderate numbers in both months, whereas G. guavina
and Achirus sp. occurred predominantly in December and
Stellifer sp. and Stellifer rastrifer in June.
The mean number of species differed significantly
amongst months, stratum and photoperiod (P < 0.001) but
not tides (Table 6). However, the month vs. tide and tide vs.
photoperiod interaction terms were significant. But the mean
squares for these interactions were less than those for the
significant main effects. The SNK test showed that the mean
numbers of species in June 1997 were significantly higher
than in December 1996. In addition, significantly higher
numbers of species were registered in the bottom layer than
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Fig. (6). Mean density in December 1996 and June 1997 in the middle estuary for the most abundant species. Data are stratified to show
mean values for each paired transect with respect to surface-bottom, day-night and flood-ebb catches.

at the surface and at night than during the day (Table 6). The
mean density differed significantly among months and tides
(P < 0.01 and P < 0.05, respectively) but not stratum and
photoperiod and none of the interaction terms were significant (Table 6). The SNK test showed that the mean density
in June 1997 was significantly higher than in December
1996 and significantly greater densities were registered on
ebb tide than on flood tide (Table 6).

day significantly exceeded those taken at night for most taxa.
This pattern did not emerge for S. rastrifer, which showed
significantly higher values at night (Table 7). A response of
S. rastrifer to light was further established by an examination
of the photoperiod by depth interaction, showing higher densities at the bottom during the night. A distinct diurnal pattern, e.g. a greater tendency to stay at the bottom during the
day, was however, not exhibited by S. rastrifer.

ANOVAs showed that the mean density of the seven
most dominant species differed significantly either amongst
months, stratum, tide or photoperiod (Table 7). Mean density
for S. rastrifer (P < 0.001) was significantly higher in June
1997 than in December 1996 (Table 7), whereas A. clupeoides and Achirus sp. dominated significantly in December
1996 (P < 0.001). The observed differences between ebb and
flood concentrations were significant for S. microps, G.
guavina, R. amazonica and C. acoupa (P < 0.05) (Table 7).
These taxa displayed a trend towards larger ebb catches.
Depth was a significant factor only for S. rastrifer and C.
acoupa with higher catches at the bottom. However, the tide
by depth interaction described the immediate relationship to
tidal flow only for C. acoupa (P < 0.05).

Developmental Stages and Size Distribution

The higher catches of C. acoupa at the bottom and on
ebb tides, suggests that retention may only apply for this
species. Although not significant, most of the remaining taxa
were prevalent at the surface during ebb tide, particularly in
December, preventing retention of these species in the system (Fig. 6). A few larvae such as Achirus sp., S. ratrifer, R.
amazonica and A. clupeoides were registered in moderate
numbers on flood tides either at the bottom or surface, suggesting an upstream transport of larvae (Fig. 6). Photoperiod
influenced the catches of all taxa in a consistent manner,
except for R. amazonica and C. acoupa. Densities during the

Tidal Influence
Possible retention mechanisms were examined in the
Caeté Estuary, investigating the percentage composition of
developmental stages for the most abundant species during
each tidal period (Fig. 7). Larvae of R. amazonica were almost equally present on both tides but yolk-sac and flexion
larvae were more abundant on flood tides and only slightly
more preflexion larvae were collected on ebb tides (Fig. 7).
Larvae of G. guavina were far more abundant on flood tides
which were predominated by postflexion stages whereas
more flexion stages were present on ebb tides. Stellifer microps showed a similar trend to G. guavina but, additionally,
a few juveniles were captured on both tides. In contrast, larvae of C. acoupa and A. clupeoides showed distinctly higher
abundances on ebb tides than on flood tides. More postflexion larvae of C. acoupa were present on ebb tides while larvae of A. clupeoides were mainly preflexion (Fig. 7). Yolksac larvae of A. clupeoides were also sampled more on ebb
tides.
Lunar Influence
Size distributions were examined to detect the occurrence
of new cohorts on a small scale, which could give insight
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Fig. (7). Percentage compositions of developmental stages for the most abundant species in flood and ebb tides for the study period in the
Caeté Estuary.

into the timing of reproduction in relation to lunar cycles and
the conformity of this trend between months. Differences in
the average length of A. clupeoides between moon phases
were observed principally in September 1996 (Fig. 8), suggesting higher spawning activities during this month. The
maximum increase of mean length was registered between
last quarter moon and new moon in September 1996. Higher
contributions of smaller larvae were observed during first
quarter moon in September 1996 (Fig. 8).
A similar pattern occurred in March 1997, with the average size also decreasing significantly from new moon to first
quarter moon. The appearance of a new cohort during first
quarter moon in both months and the high abundance of A.
clupeoides indicates, that spawning activities of this species
may occur mainly during this moon phase.
The size distribution of C. acoupa differed between
moon phases only in September 1996, which might be related to increase spawning in this month. The average increase in size was however registered in March 1997 from
new moon to first quarter moon (Fig. 9). Highest contributions of smaller larvae during new moon in both months are
in conformity with maximum larval densities and corroborate increased reproduction during this lunar period.
DISCUSSION
Tidal Variation
High larval densities occurred only in the upper estuary
on flood tides, especially from December 1996 to March
1997 for species such as S. microps and A. clupeoides. This
result indicates that these species utilise flood tidal currents
during certain periods of the year to facilitate their entry to
upstream localities. During the late rainy season, in particular in April and May, larval densities decreased markedly in
the upper estuary on flood tides and became even slightly
higher on ebb tides. However, these periods of no or few
larvae in the upper estuary do not necessarily indicate that

these species stopped spawning. It is rather a consequence of
the fact that small estuarine larvae (e.g. A. clupeoides), are
unable to maintain their position against tidal currents and
get flushed out with the ebb tide. On the other hand, larvae
of marine origin (e.g. C. acoupa), cannot penetrate to upstream localities during this period due to strong fresh water
outflow. However, no distinct increase of larval density in
the lower estuary could be detected during this period as
observed in the Mucuri River [31]. One possible explanation
is that the young larvae disperse to less productive and inhospitable environments in offshore areas and may subsequently die from starvation. Moreover, sudden increases in
freshwater inflow may cause mortalities of young fish unable
to avoid low-salinity waters [32]. In contrast to the upper
estuary, the overall densities in the middle and lower estuary
were higher on ebb tides for all abundant species throughout
the study period. According to personal observations, the
Caeté Estuary is a shallow ebb-dominated system, characterised by tidal currents with shorter and stronger ebb and a
longer and weaker flood tide. These forces could aggravate
the retention of larvae especially in the middle and lower
estuary.
It has been previously stated that, in cases where an estuary is completely flushed on ebb tide, no permanent plankton
will develop [33]. In the open estuary of the present study,
all species were present on both flood and ebb tides at a
range of developmental stages, which indicates that the larvae are not retained in the system. However, the export of
fish larvae on an outgoing ebb tide appears to be related to
developmental stage. Larvae of G. guavina and S. microps,
for example, were most abundant on flood tides at the postflexion stage, suggesting a net input of larvae into the estuary, whereas not so large individuals were found on ebb
tides. This suggests that older individuals were being recruited to and possibly retained in the estuary. On the other
hand, the density of postflexion stages of R. amazonica and
A. clupeoides were low on flood and ebb tides, which might
be related to possible under sampling due to aggregating
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Fig. (8). Size distribution of Anchovia clupeoides in the upper estuary during different moon phases in September 1996 and March 1997.

behaviour during this stage. Larger numbers of early larvae
(yolk-sac, preflexion) of the latter species were passively
swept out of the estuary on ebb tides. In contrast, larvae of
C. acoupa were prevalent on ebb tides at the postflexion
stage, showing less capability to remain in the system. It is
however possible that relatively few larvae settle out on each
tidal cycle, so that densities did not change by a significant
amount, as proposed in the literature [34]. These results emphasise that the tidal movement of larval fish cannot be
summarised as a single group, but rather as individual taxa at
different larval stages.
Lunar Variation
Many fish display peak reproductive activity around new
or full moon, while other variations in reproductive patterns
have also been shown [35]. Lunar periodicity affected 10
species in Puerto Rico where tidal ranges are low [36]. In
North Australia, three species were affected by lunar phase
during spring tides [37]. Previous works reported that the
timing of recruitment of Caribbean reef fishes was determined by regular lunar cycles acting on the production of
larvae [38].
Up to now, moon-phase effects on larval fish assemblages in estuaries have been little studied. From the quantitative assessment in the Caeté Estuary, it was difficult to
determine the effect of lunar related reproductive rhythms on
species abundance. Lunar periodicity per se does not seem to
affect the larval fish assemblage in the Caeté Estuary. Environmental variability, in part associated with lunar periodic-

ity, may account for weekly fish abundance variability.
These short-term variations might be related to the displacement of different water masses and their associated plankton.
High tidal range characterised the new moon phase during
flood tide in March 1997, resulting in higher species number
and a net input of larvae such as C. acoupa from nearshore.
In the following moon phases in March 1997, salinity decreased markedly due to heavy rainfall and reduced pulses of
inshore water caused a clear decrease of larval abundance,
particularly C. acoupa. Higher tides might provide greater
assistance for the upstream movement of larval fish such as
C. acoupa and also enables the larvae to penetrate further
into upper reaches of the estuary. The higher contribution of
smaller larvae of C. acoupa during new moon in both
months corroborates that reproduction and recruitment of
early stages into the estuary is increased during this lunar
period. The situation of C. acoupa contrasts with that of A.
clupeoides, showing highest abundance when sea level is
lowest during first quarter moon in particular in September
1996. Such may be attributed to their estuarine life cycle and
to a reduced seaward drift of young larvae during calmer
current conditions. In addition, a higher contribution of
smaller larvae was observed during first quarter moon in
both months, suggesting that spawning activities of this species occurs mainly during this moon phase.
Vertical Variation
The horizontal distributions of larval fish assemblages
are complex because they are not only influenced by physi-

22 The Open Fish Science Journal, 2009, Volume 2

Barletta and Barletta-Bergan

September 1996

80

n = 85

60

60

40

40

20

20
0

0
1

2

3

4

5

6

7

8

1

9 10 11 12 13 14 15

n = 149

80

Frequency (%)

March 1997
n=0

80

60

40

40

20

20

0

3

4

5

6

7

8

9 10 11 12 13 14 15

5

6

7

8

9 10 11 12 13 14 15

4

5

6

7

8

9 10 11 12 13 14 15

4

5

6

7

8

9 10 11 12 13 14 15

n = 188

80

60

2

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15

n = 99

80

1

60

40

40

20

20

0

3

4

n = 127

80

60

2

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15

n = 186

80

1

80

60

60

40

40

20

20

0

2

3

n=0

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15

1

2

3

Standard length (mm)
Fig. (9). Size distribution of Cynoscion acoupa in the upper estuary during different moon phases in September 1996 and March 1997.

cal processes, but also by behavioural patterns. Larval stages
of estuarine fishes are often stratified within the water column and many are abundant near the bottom to avoid being
flushed out with the ebb tide [2]. However, vertical distribution patterns may vary considerably within the same species
according to the sampling place and time, as evidenced by
the variation of the vertical distribution of the most abundant
species between December 1996 and June 1997. Other
works found that vertical distribution of different size classes
showed considerable variation in some species [39]. This
emphasises the importance of examining developmental state
of the different species in larval studies. It has been shown
[40] that with the formation of rod-cells in the eyes (e.g. with
10 mm for E. mordax according to [41]) the larvae start vertical migration. This physiological reason seems to explain
the significant difference between layers for S. rastifer and
C. acoupa, since they were the only species collected with
more individuals larger than 10 mm. The fact that almost no
postflexion stages and juveniles from the other species were
collected in the 30-h study might account for the lack of significant differences between both layers.
Apart from this, vertical migrations are an unlikely factor
in the Caeté Estuary, as depth was generally less than 5 m,
and the water appeared to be well mixed by turbulence and
not stratified showing the same current direction throughout
the water column [11]. No evidence of vertical stratification
of fish larvae relative to diel and tidal cycles was found in a
well mixed estuary in New Zealand [34]. In shallow-water
areas, even benthic particles will be transported to the sur-

face by turbulence, and may remain there by surface tension
[42]. Furthermore, the authors found that the ecological differences between the uppermost and lower layers are reduced in turbid waters, where visual feeding is restricted to
light at the surface because of high reflection of light and
low penetration of radiation [42]. The authors observed that
early stages require high light-intensities to find their prey.
So, small larvae feed at the surface during the day, while
older specimens are able to hunt in deeper layers. This appears true for the Caeté Estuary, since most young larvae
were found particularly at the surface. Previous work in
mangrove areas along the coast of Thailand [43] has also
shown that fish larvae were more abundant at the surface
than at the bottom.
Diel Variation
Diel changes in estuarine ichthyoplankton abundance
have been documented by several authors [44-47] and the
differences in catches between night and day periods can be
attributed to many factors. [34] found that fish larval densities were significantly higher in night collections than day
collections, which was partly explained by gear avoidance of
some larvae, especially larger engraulids caught at night.
Visual perception does not necessarily plays a role in net
avoidance of herring larvae during the day, but swimming
activity and alertness are important [48]. Gear avoidance
seems to be negligible in the Caeté Estuary due to the high
turbidity in the system and the fact that overall density was
not significantly different between day and night catches.

Fish Larvae Tidal and Lunar Cycles in a Tropical Estuary

However, when considering single species, it was found that
most species present during the day showed a marked reduction in number during the night, except for S. rastrifer. Apparently, S. rastrifer avoided the net during the daylight,
since more larvae were caught during the night, especially
larger larvae. It is not clear whether these larger larvae were
only caught because they were weak or starving individuals.
The higher densities of the remaining species during the daytime was attributed to a lack of escape response during the
day due to the presence of mainly young larvae during the
entire 30 h-study. Diurnal variation in abundance of the remaining species may also be related to differences in activity
rhythms which might be associated with feeding strategy
[36]. Species such as A. clupeoides, S. microps, R. amazonica, Achirus sp. and G. guavina were generally prevalent
during the day and occurred predominantly at the surface on
ebb tides. The aforementioned species were mainly represented by early larval stages. Feeding activity of these species seems to take place particularly during morning hours,
since afternoon catches were low in both months. On the
other hand, species such as S. rastrifer and C. acoupa represented by older stages showed higher densities at night and
were mainly present at the bottom layer and on flood tides.
Selective tidal stream transport is not a feature of the
Caeté Estuary. The only possibility for fish larvae carried
into the system on flood tides to remain in the estuary on ebb
tide, would be to move laterally to areas of low tidal velocities e.g. the river banks [49] during slack water taking advantage of the reduced turbulence. An investigation comparing
the ichthyoplankton near the channel banks with the mainstream, is however necessary to confirm this theory.
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