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Abstract Choked lagoons (like Mar Chiquita, Argentina)
are influenced by local winds because the inlet channel
acts as a dynamic filter which reduce tidal fluctuations.
Previous studies showed that the effects of onshore winds
appear to prevail over daily-tide cycles (ebb, flood) in the
recruitment of young fishes into this micro-tidal and shal-
low estuary. Therefore, the aim of this study was to
evaluate the recruitment success of larval and juvenile
fishes from the sea into this choked lagoon related to
the conjunction of global (lunar-tide cycle) and local
(wind regime) processes. Weekly fish sampling was
conducted in Mar Chiquita’s inlet channel and its
adjacent surf zone from early spring to late summer.
For each fish developmental stage (i.e. larval and
juvenile), a multiple-hypothesis model approach was
adopted by fitting generalized linear models (GLM) with
the abundance of fishes as the response variable and
possible combinations of seasons, sites, water parameters
and the wind effect as explanatory variables. The abun-
dances of fish larvae and juveniles were mainly affected
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by wind regimen and seasonal changes according to
the best model selected. Larval and juvenile fishes
were more abundant at summer months during strong
(> 10 m - s ") onshore wind episodes. The lunar-tide
cycle effect was not relevant for the success of fish
recruitment. Despite its seasonal regularity, wind is a
much more unpredictable factor than tides, and there-
fore, it is remarkable to note the implications that
have for fishes the recruitment towards an estuarine
system depending on such unpredictable force. The
importance of the fish nursery role of the coastal area
close to the mouth of an estuary with this environ-
mental feature is discussed.

Keywords Fish larvae - Fish juveniles - Estuarine
recruitment - Wind effect

Introduction

Use of estuarine nursery areas is an important phase of
the life history of many marine organisms, including
fishes (Boehlert and Mundy 1988). As the most com-
mon nekton life history cycle of fishes inhabiting estu-
aries involves offshore spawning (Day et al. 1989), the
transport to an estuarine inlet and the subsequent up-
estuarine movement are crucial for successful comple-
tion of the life cycle of several species (Islam et al.
2007). Therefore, studies regarding on the mechanisms
of young fishes ingress and retention in nursery areas
have caught much attention (e.g. Jager 1999; Epifanio
and Garvine 2001; Islam et al. 2007; Primo et al. 2012).
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Aggregations of estuarine associated young fishes in
the inshore zone have been related to a number of
physical and environmental factors. Winds, tides, river
runoff and longshore currents are the main forces in-
volved in larvae and juveniles migrations (Boehlert and
Mundy 1988). Also, tidal phase-related factors such as
salinity, temperature, chemical substances, current ve-
locity and hydrostatic pressure have been reported to be
important to ichthyoplankton distribution (e.g. Primo
et al. 2012). Particularly in the case of juveniles, the
lunar-tide cycle (spring, neap) can have a strong impact
on species distribution because it determines the tempo-
ral and spatial availability of coastal habitats like estu-
aries, saltmarshes and coastal lagoons (Hampel et al.
2003). At neap tide, less area will be flooded, while at
spring tide, total inundation time will be longer (Hampel
et al. 2003).

Mar Chiquita coastal lagoon (37°32'S, 57°19'W) is
located in the southeast of the Buenos Aires Province
(Argentina), which is a micro-tidal area (average tidal
amplitude: 0.80 m) characterized by semi-diurnal tides
(two flood and two ebb tides per day) with different tidal
amplitudes between two consecutives floods (Reta et al.
2001; Martos et al. 2004). Despite the micro-tidal re-
gime, tidal amplitude in the coastal area may reach
almost 1.60 m during extraordinary spring tides and
almost 2.50 m during southeasterly storms (Martos
et al. 2004). Mar Chiquita is connected to the sea by a
6 km in length, 200 m in width and 1.5-3 m in depth
channel. Tidal influence is only perceived 5 km up-
stream along this channel and saltwater intrusion varies
according to tides and winds (Reta et al. 2001).

Unlike most estuaries, choked lagoons (like Mar
Chiquita) are influenced by local winds because the inlet
channel acts as a dynamic filter, which significantly
reduce tidal fluctuations or tidal currents (Kjerfve and
Magill 1989; Kjerfve 1994). Moreover, Reta et al.
(2001) argued that strong (> 10 m - s 1) offshore winds
(N, NW) enhance the discharge of this lagoon even
during flood, while strong onshore winds (SW, S, SE,
E) enhance saltwater intrusion into the lagoon.

It has been stated that the recruitment of fishes into
this choked lagoon is related to wind direction during
both, larval (Bruno et al. 2014) and juvenile (Bruno
2014) stages. The effects of onshore winds appear to
prevail over daily-tide cycles (ebb, flood) in the recruit-
ment of young fishes into this lagoon. Hence, it has been
proposed that in this scenario, recruitment models for
fish larvae based on tidal cycles (Weinstein et al. 1980;
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Boehlert and Mundy 1988; Forward et al. 1999) could
not to be suitable, and that juvenile stages which have a
more developed swimming activity take advantage of
wind-mediated water circulation in order to increase the
surplus power (energy per unit time; sensu Miller et al.
1985) (Bruno 2014). Such a proposal, however, has
been performed considering only the daily-tide cycle.
The broader lunar-tidal scale (i.e. neap/spring cycles)
has not yet been considered despite the fact that water
volume exchange between the sea and the lagoon is
supposed to be enhanced during spring tides, which
could favors the entry of young fishes.

Therefore, the aim of this study was to evaluate the
recruitment success of larval and juvenile fishes into a
micro-tidal and shallow estuary related to the conjunc-
tion of global (lunar-tide cycle) and local (wind regime)
processes. In order to do so, we explored spatial and
temporal patterns in larval and juvenile fishes abun-
dance related to neap/spring tides, winds and also water
properties (temperature, salinity and transparency) that
may vary according to tidal cycles (e.g. Primo et al.
2012). We hypothesize that the abundance of young
fishes is higher during spring tides combined with
strong onshore winds.

Materials and methods
Study area

The study area includes the Surf zone adjacent to Mar
Chiquita lagoon’s mouth and the lagoon’s inlet channel
(hereafter Estuary zone) (Fig. 1). See Merlotto and
Bértola (2009) and Gonzalez-Castro et al. (2009) for a
more detailed description of the surf zone and Mar
Chiquita’s inlet channel, respectively.

Biological and environmental sampling

We focus on the spring-summer period because young-
of-the-year (YOY) fishes were reported to be more
abundant at these seasons in the marine-estuarine
gradient of Mar Chiquita lagoon (Bruno 2014;
Bruno et al. 2014) as well as in several temperate
estuaries (e.g. Blaber and Blaber 1980; Potter et al.
1990; Martino and Able 2003). Fishes were collected
weekly from October 2010 to March 2011, covering
two spring tides (new moon and full moon) and two
neap tides (waning and waxing) per month according
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Fig. 1 Map of Mar Chiquita
lagoon and the location of the
study area a), and distribution of
the sampling stations in the surf
zone (S1 and S2) and the inlet
channel (E1 and E2) b)

Atlantic
Ocean

57°15'W

to the phase of the moon. Samples were taken at
four stations covering the marine-estuarine gradient,
including two stations in the Surf zone adjacent to
the lagoon’s mouth (S1 and S2) and two stations in
the Estuary (E1 and E2) (Fig. 1).

Sampling was performed during daytime using a
conical net with a 0.15 m? mouth area and a 300 um
mesh span net to collect larval stages, and a 4 m long,
1 m height nylon beach seine-net with a 5 mm stretch
mesh size and a 2 m cod-end, to collect juvenile stages.
Both nets were pulled against the prevailing current for
100 m parallel to shoreline at ~1 m depth. The volume
filtered by the conical net was almost 16 m®, while the
area covered by the beach seine net was almost 400 m>.
In order to assess for the neap/spring effects, samples
were taken at flood tide in all stations. Fishes were
fixed and preserved in 4 % buffered formalin-
seawater solution, and transported to the laboratory
for identification, sorting, counting and measuring
[total length (TL in mm)].

Water temperature (°C), salinity (psu) and transpar-
ency (cm) were recorded with a hand thermometer, a
Hydrobios refractometer and Secchi disc, respectively.
Average wind speed and mode wind direction during the
sampling day plus the 5 previous days were estimated
for statistical analysis. In order to evaluate the wind
effect, wind direction and speed was combined and
turned into a four levels categorical variable accordingly
to results obtained by Reta et al. (2001). Winds from S,
SE and E were classified as “onshore wind”” while winds
from N, NW and W were classified as “offshore winds”.
Although SW and NE winds blow parallel to shoreline,
their effect on the water level oscillations within the
lagoon is evident (Reta et al. 2001). SW winds
prevent the discharge of the lagoon, enhancing salt-
water intrusion and, hence, increasing its water level.

Conversely, NE winds push the water from the lagoon
towards the inlet channel, restricting sea water intrusion
and favoring a decrease in the lagoon’s water level
(Reta et al. 2001). Therefore, SW and NE winds
were classified as “onshore wind” and “offshore
wind”, respectively. Wind intensity was considered
as strong (>10 m - s ") and low-mid (<10 m - s ")
accordingly to results obtained by Reta et al. (2001).
Wind data was provided by the National Weather
Service (Servicio Meteoroldgico Nacional, Argentina).

Data analysis

For statistical comparisons data were grouped into
Spring (October, November and December) and into
Summer (January, February and March).

Differences in water properties (temperature, salinity
and transparency) between tides (neap, spring) by season-
zone interactions were evaluated with a Kruskal-Wallis
test, followed by pair-wise comparisons using the Steel—
Dwass—Critchlow—Fligner (SDCF) test under Addin-soft
XLSTAT.

To test the hypothesis that the abundance of young
fishes is higher during spring tides combined with
strong onshore winds, a multiple-hypothesis model
approach was adopted (Franklin et al. 2001; Johnson
and Omland 2004). For each fish developmental
stage (i.e. larval and juvenile), generalized linear
models (GLM: Venables and Ripley 2002) (Package
MASS, R Development Core Team 2012) were built
with the number of fish captured as the response
variable and the tidal stage (neap, spring) and the
wind direction (Onshore, Offshore) combined with the
wind speed (<10 m - s~ ', >10 m - s ') as explanatory
variables. The season (Spring, Summer), sites (S1, S2,
El, E2) and water parameters (temperature, salinity,
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transparency) were also considered as possible explana-
tory variables and, therefore, models with possible com-
binations of the above indicated environmental factors
were also fitted (Table 1). Finally, a model without any
of the independent variables (i.e. null model) was
built to test the hypothesis that none of the variables
tested had an effect on the fish abundance (Table 1).
Since models had large variance-mean relationships
and many zero values characterized the samples, a
negative binomial error distribution and a log link
were specified (Crawley 2005).

The Bayesian information criterion (BIC) (Package
bbmle, R Development Core Team 2012), which is an
approximation of the Bayes factor given no informative
prior information on relative model support (Burnham
and Anderson 2002, 2004; Ward 2008), was used for
model comparisons and the model with the lowest BIC
was selected as the best (Table 1). Each model was
weighed against the others using Bayesian weights
(@), which gives an estimation of the likelihood of the
model’s fit according to the data used (Burnham and
Anderson 2002, 2004).

Results
Physical environment

Water temperature was only different between seasons
(Table 2), with lower values recorded at Spring
(Median: 16, range: 10.3-22 °C) than at Summer
(Median: 21, range: 17-26 °C) (Fig. 2a). On the other
hand, only spatial differences were observed in water
salinity (Table 2) with lower values recorded at the
Estuary zone (Median: 30, range: 20-35) than at the
Surf zone (Median: 33, range: 26-35) (Fig. 2b). No
differences were observed between tidal stage, seasons
or zones on water transparency (Table 2), though it was
observed a trend to lower values in the Surf zone than in
the Estuary zone (Fig. 2¢).

Low-mid (<10 m - s ") easterly winds were dominant
during October [Frequency (F) = 16.13 %, Fig. 3a] and
December (F=12.9 %, Fig. 3c), while southerly winds
were dominant during November (F=26.7 %, Fig. 3b).
Strong (>10 m - s ') winds on the other hand, were
dominant during Summer (F>17 %, Fig. 3d-f).

Table 1 Competing models for explaining the recruitment of larval and juvenile fishes to Mar Chiquita choked lagoon

Larvae Juveniles

Model BIC df dBIC BIC df dBIC

Null 320.3 2 49 0.0451 1023.3 2 11 0.0026
~season 318.1 3 2.7 0.1324 1016.4 3 42 0.0794
~site 3323 5 16.9 <0.001 1022.6 5 10.4 0.0036
~tide 324.8 3 9.4 0.0046 1027.7 3 15.5 <0.001
~wind 319.6 5 4.1 0.0652 1019.6 5 7.4 0.0163
~temperature (temp) 3213 3 5.9 0.0274 1026.7 3 14.5 <0.001
~salinity (sal) 320.4 3 5 0.0424 1027.4 3 15.2 <0.001
~transparency (trans) 319.2 3 3.7 0.0794 1030.1 3 17.9 <0.001
~temp-+tsal+trans 320.2 5 4.7 0.0483 1031.2 5 19 <0.001
~seasontsite 3243 6 8.9 0.0061 1014.2 6 1.9 0.2477
~season+tide 321.1 4 5.6 0.0308 1023.8 4 11.6 0.0019
~seasont+wind 3154 6 0 0.5146 1012.2 6 0 0.6463
~sitettide 336.4 6 21 <0.001 1026.4 6 14.1 <0.001
~site+wind 3323 8 16.9 <0.001 1030.3 8 18.1 <0.001
~tide+wind 325.5 6 10.1 0.0033 1035.7 6 235 <0.001
~seasontsitet+tidetwind 333.8 10 18.4 <0.001 1027.6 10 15.4 <0.001
~seasontsitettidetwind-+temp+sal+ttrans 340.5 13 25.1 <0.001 1032.1 13 19.9 <0.001

For each model, Bayesian Information Criterion (BIC), degrees of freedom (df), the difference between BIC of the current model and the
most parsimonious model (in bold) (dBIC), and the Bayesian weight (@) are given
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Table 2 Kruskal-Wallis rank sum test results and posteriori Steel-Dwass-Critchlow-Fligner (SDCF) pair-wise comparisons for water
parameters recorded between spring and neap tides by seasons and zones along the Mar Chiquita’s inlet and its adjacent surf zone

Kruskal-Wallis rank sum test SDCF-test
Source b df p-value
Temperature 29.815 7 0.0001 A=B=C=D<E=F=G=H
Salinity 14.861 0.0378 A=B=E=F>C=D=G=H
Transparency 9.745 0.2035 -

Spring-Surf zone-neap (A), Spring-Surf zone-spring (B), Spring-Estuary-neap (C), Spring-Estuary-spring (D), Summer-Surf zone-neap (E),
Summer-Surf zone-spring (F), Summer-Estuary-neap (G), Summer-Estuary-spring (H)

Composition and abundance of YOY fishes
and their relationship with the environment

A total of 19 taxa were collected during the study
period; five of those taxa were represented by both
larval and juvenile stages (Table 3). Engraulid type
larvae cannot be identified into species, so the category
Engraulidae family includes unidentified individuals of
likely Anchoa marinii, E. anchoita and/or Lycengraulis
grossidens (Table 3).

Fish larvae abundance along the marine-estuarine
gradient of Mar Chiquita was mainly affected by wind
regimen and seasonal changes according to the model
used (Table 1). High abundance of fish larvae in Mar
Chiquita’s inlet channel and its surrounding surf zone
were collected in summer (Table 4, Fig. 4a).
Nevertheless, in all seasons sampled, high larval abun-
dance was related to onshore winds (SO, S, SE, E) and
particularly to strong (> 10 m - s ') winds (Fig. 4a).
Similarly, the abundance of juvenile fishes was mainly
affected by wind regimen and seasonal changes
(Table 1). For this developmental stage, high abundance
was collected in summer (Table 4, Fig. 4b). Also, high
abundance of juvenile fishes was related to strong on-
shore winds (Table 4, Fig. 4b).

Discussion
Variations in water parameters

According to our results, variations in temperature and
salinity of the inlet area of the Mar Chiquita lagoon,
including the adjacent surf zone, were not related to
lunar-tide cycles. The observed variations depend, in-
stead, on other factors such as seasonality in the case of
temperature or to an upstream freshwater input that

generates a horizontal gradient (low to high towards
the inlet) in the case of salinity, which were previously
reported (Cousseau et al. 2001; Gonzalez-Castro et al.
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Fig. 3 Temporal variation of wind direction and speed during
spring months: a) October 2010, b) November 2010, ¢) December
2010, and during summer months: d) January 2011, e) February

Table4 The best minimum model used to explain the recruitment
of fish larvae and juveniles to Mar Chiquita’s inlet and its adjacent
surf zone

Variable Class variable Coefficient + SD

Fish larvae Fish juveniles

Intercept —0.875+0.618  1.065+0.371
S; Summer 1.031+0.412  3.642+0.458
W; Offshore > 10 ms™'  —0.009+0.818 —0.005+0.651
Onshore<10 ms ' 0.361+0.722  0.433+0.585

Onshore > 10 ms™"  1.274+0.732  0.730+0.554

The intercept and coefficient + standard error (SD) for the
variables are given. S;: season; W;: wind direction (Onshore:
SW, S, SE, E; Offshore: NE, N, NW, W) combined with wind
speed (S 10 m - s', >10 m - s '). The parameters for season
and wind effect are given as relative to spring and offshore

2011, f), March 2011 <10 m - s ', respectively

Table 3 Seasonal abundance (N) and total length (TL, mm) range of fish larvae collected with a conical net and fish juveniles collected with
a beach-seine net along Mar Chiquita’s inlet and its adjacent surf zone

Spring Summer

Larvae Juveniles Larvae Juveniles

N PrF PoF TL N TL N PrF PoF TL N TL
Brevoortia aurea 6 294 706 1.92-20.04 82 28-87 59 - 100 7.51-29 8321 20-87
Cynoscion guatucupa - - - - - - 1 - 100 30 - -
Engraulidae 2 100 - 2.64-3.06 - - 9 - 100 15.86-35 - -
Gobiosoma parri 3 100 — 6.35-6.38 - - 27 100 - 1.86-2.79 — -
Hypleurochilus fissicornis — — — - - - - 7 100 - 1.68-2.16 - -
Lycengraulis grossidens - - - - - - - - - - 123 23-126
Macrodon atricauda - - - - - - - - - - 1 34
Menticirrhus americanus ~— —  — - - - - - - - - 8 47-118
Micropogonias furnieri - - - - 3 54-143 3 - 100 17-24.5 228 23-119
Mugil liza - - - - 1 27 - - - 447 22-60
Odontesthes argentinensis 26 —— 100 18.34-31 514 25-133 9 16.67 8333 8.02-32 2364  25-160
Oncopterus darwinii - - - - - - - - - - 10 28-70
Paralichthys orbignyanus -  — - - 2 94-171 3 - 100 8.68-9.18 9 135-179
Platanichthys platana - - - - 52 24-58 - - - - - -
Pogonias cromis - - - - - - - - - - 1 95
Pomatomus saltatrix - - - - - - - - - - 1 126
Ramnogaster arcuata - - - - 20 60-85 - - - - 18 52-67
Umbrina canosai - - - - - - 1 - 100 16.2 - -
Unidentified - - - - - - 1 100 - 2.13 - -

For fish larvae, the percentage (%) of developmental stage (PrF: preflexion, PoF: postflexion) is also indicated
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Fig. 4 Estimated abundance of fish larvae a) and juveniles b)
related to seasons and wind direction (Off: Offshore, On: Onshore)
and intensity along Mar Chiquita’s inlet and its adjacent surf zone,
estimated by a generalized linear models with a log link and
negative binomial error distribution

2009). A trend of high to low values in water transpar-
ency towards the surf zones was observed which has
been previously attributed to the turbulence generated
by wave action (Bruno et al. 2014). However, transpar-
ency differences were not significant between tides, as
well as between season and between zones. Variations in
water salinity and transparency related to lunar-tide
cycles in estuarine environments have been attributed
to a greater and lesser volume of seawater entering
during floods in spring and neap tides, respectively
(Kjerfve and Magill 1989). Such variations have also
been attributed to the combination of the variability in
seawater volume entrance according to lunar-tide cycles
with the seasonal variation in river flows due to season-
ality in rainfall (e.g. Primo et al. 2012). The scarce
variation in water parameters (temperature, salinity and
transparency) between spring and neap tides in Mar
Chiquita may be due to the combination of the shallow-
ness of the system (1.5-3 m) with the major contribution
of seawater input compared to the freshwater contribu-
tion (a single stream discharges into the inlet channel,

Reta et al. 2001). This combination generates a system
with permanent mixing of water with no stratification
patterns (Kjerfve and Magill 1989).

Variations in YOY fishes related to the environment

The results obtained during this study show that high
abundances of larval and juvenile fishes are not related
to the combination of lunar-tide cycles with the wind
direction and intensity, thus rejecting our hypothesis, but
to the combination of the wind direction and speed with
the seasons.

Entering of late larvae (post flexion) and early juve-
nile fishes into temperate estuaries in greater abundance
during the summer months is the most commonly re-
cruitment pattern for those species which reproduce in
sea waters within late spring/early summer (Potter et al.
2001). Previous studies conducted in Mar Chiquita have
shown that most of fish species of marine origin present
in Mar Chiquita as larvae (Bruno et al. 2014) and
juveniles (Bruno 2014) fit to the “estuarine-opportunis-
tic” guild sensu Blaber et al. (1989) and Lenanton and
Potter (1987) [excepting for the estuarine resident
G. parri (Cousseau et al. 2001) and the marine straggler
H. fissicornis (Delpiani et al. 2012)] and that are more
abundant in summer than in spring. The use of Mar
Chiquita lagoon as nursery ground for juvenile fishes
has been largely recognized (Cousseau et al. 2001;
Martinetto et al. 2007; Gonzalez-Castro et al. 2009).
However, the presence of fish larvae indicates that this
estuarine system presents proper condition for retention
of'these tiny stages. Therefore, the fact that some species
are present in both stages (e.g. Brevoortia aurea,
Micropogonias furnieri, Odontesthes argentinensis,
Paralichthys orbignyanus) while some others are pres-
ent only in juvenile stages (Menticirrhus americanus,
Oncopterus darwinii, Platanichthys platana,
Ramnogaster arcuata) may be related to differences in
the distance of the nursery ground (Mar Chiquita in this
case) from the reproductive area (Jones 2002).

Regardless of the period (spring or summer) in which
fishes recruit to this estuarine system, wind direction is
significant for the success of such entry according to our
results (Table 4; Fig. 4a and b). The distribution of fishes
within Mar Chiquita lagoon related to the wind effect
has been previously mentioned, mainly for explaining
the occasional presence of tropical and subtropical ma-
rine teleost fishes due to the incursion of warm neritic
waters to the Argentine continental shelf in combination
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with winds from the oceanic region (e.g. Diaz de
Astarloa et al. 2000; Figueroa et al. 2000; Gonzalez-
Castro et al. 2006; Blasina et al. 2009; Bruno et al.
2011). Also, a restriction in the distribution of freshwa-
ter fishes from the tributary streams to the lagoon has
been related to the wind regimen (Bruno et al. (2013).
Reta et al. (2001) stated that strong onshore winds
(>10 m - s ") sustained over time are more significant
than tidal cycles in the penetration of water into inner
areas of the Mar Chiquita lagoon, mainly due to the
shallowness (1.5-3 m) of the inlet channel area and to
the micro-tidal characteristic of the region. They also
suggested that in the opposite situation (very low winds
or calms) tidal cycles should regulate the oscillation of
the water level at the mouth of Mar Chiquita. However,
such a condition should not be a typical one in the area
since, according to our results, the wind effect was more
significant in the recruitment of fishes than tidal stage
even under low-mid (<10 m - s™') winds (Fig. 4).
Nevertheless, it could be assumed that when offshore
winds are dominant, the entry of YOY fishes is lower
during strong (>10 m - s ') episodes than during low-
mid (<10 m - s~ ') ones, due to a lesser marine water
income into the lagoon; it could be argued then that in
very shallow estuarine systems (like Mar Chiquita) wa-
ter movement in and out are regulated by local factors
such as the prevailing winds, and not by large-scale
factors such as tidal cycles.

There is, however, certain regularity in the wind
regime depending on the seasons. In Mar Chiquita la-
goon area, winds from North, South and East are dom-
inant during the summer months (Reta et al. 2001),
being beneficial for the recruitment of fish early life
stages those from South and East (i.e. onshore winds).
During this study, easterly winds were dominant in
almost every month, being more frequent and intense
in summer (Fig. 3), in agreement with results obtained
for the same season in previous years (Bruno 2014;
Bruno et al. 2014). This seasonal regularity appears to
be beneficial for those fish species that spawn in marine
waters near the mouth of the lagoon, given that onshore
winds that carry seawater towards the coast, and in-
crease the water level of Mar Chiquita lagoon, are
dominant in the summer period where peak abundances
of larval and juvenile fishes are observed.

Several studies have shown variations in the compo-
sition of fish larvae related to the different phases of the
lunar-tide cycle (neap and spring) in estuaries deep
enough as to allow for stratification of the water column
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(e.g., Schultz et al. 2003; Primo et al. 2012). Mainly, it
has been established that the strong currents and large
volumes of water moving during spring tides could
passively transport fish larvae into intertidal areas
(Hampel et al. 2003). Furthermore, it has also been
reported variations in juvenile fish distribution in shal-
low estuarine systems related to the spring and neap
tides (Kneib and Wagner 1994; Rozas 1995; Morrison
et al. 2002; Greenwood and Hill 2003). Such variations
were attributed to the movement of fishes into produc-
tive intertidal zones, which are only available during
certain periods of flooding depending on the lunar-tide
cycle. Despite their seasonal regularity, wind is a much
more unpredictable factor than the tides. For instance, in
those estuarine systems where water movements are
ruled by the effect of the tidal cycle, fishes take advan-
tage of the different phases of these cycles to entry and/
or stay in them (Weinstein et al. 1980; Boehlert and
Mundy 1988; Forward et al. 1999; Primo et al. 2012).
Also, this advantage has been related to length classes
by assessing at which size fishes enter into an estuary
(e.g., Cowley et al. 2001). Therefore, it is remarkable to
note the implications that have for fishes the recruitment
towards an estuarine system depending on an unpredict-
able forcing (i.e. wind) over other cases where recruit-
ment depends on regular and predictable processes such
as tides.

It has been proposed that the marine area adjacent to
Mar Chiquita’s inlet functions as an accumulation zone
for larval (Bruno et al. 2014) and juvenile (Bruno 2014)
stages prior to entering the lagoon, like it has been
proposed for other estuaries (Boehlert and Mundy
1988). Moreover, the marine area could also serve as
nursery ground for both stages given the significance of
the wind effect over the daily-tide cycle in the recruit-
ment of fishes. Thus, fishes that do not find appropriate
conditions to enter at this shallow estuarine system, with
increased supply of food compared to the adjacent sea
(Marcovecchio et al. 2006), may remain in that sea area
until appropriate conditions occur to enter, or not (Bruno
2014). Results obtained during this study support such
proposal given that higher abundances of larval and
juvenile fishes were related to winds rather than to
spring/neap tides, suggesting that the effect of wind
prevailed even over the broader lunar-tidal scale in the
recruitment of fishes. Therefore, if fishes are in the
accumulation sea area, strong onshore winds will allow
the entrance of YOY fishes into Mar Chiquita by push-
ing seawater into inner areas of the estuary. Conversely,
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strong offshore winds restrict the entry of sea water into
the lagoon and consequently, also the fish entrance. In
turn, these offshore winds may also favor the water
discharge from the lagoon to the sea, inducing the export
of small stages with low motility, which have been
entered in Mar Chiquita’s inlet. In this scenario, a coastal
area close to the mouth of an estuary that also functions
as nursery ground would be beneficial to minimize
mortality by dispersion as stated by Houde (2002).
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