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ABSTRACT

The aim of this study was to assess the influefiemaronmental factors on the fish distributiordan
abundance in Mar Chiquita coastal lagoon. Seasishasampling stations were distributed along the
lagoon and grouped in three zones from a mixo-bkdjoe waters zone with high contribution of
freshwater to a mixo-eurihaline waters zone withhhinarine water influence. A mixo-mesohaline
waters zone characterized the middle part of tigoda. The results showed that the fish
composition was dominated by marine estuarine digr@n(ED) species in all three zones and in all
seasonsOdontesthes argentinensis, Brevoortia aurea, Mliza and Micropogonias furnieriwere

the most representative species. The following imgmd ecological category was freshwater fishes
(FW), with Platanichthys platanand Jenynsia multidentataeing the most representative species.
According to the best model selected, by fittingheralized linear models, abundance of ED
increased as water temperature increased duringisuiand autumn in all three zones. The highest
abundance was recorded in the mixo-eurihaline watene. On the other hand, FW abundance
increased with high rainfall and also when easteilyds blew. In conclusion, a differential habitat
use by the species that occur in the Mar Chiquisstal lagoon was observed. A few ED species
dominated the fish composition but FW species alade use of the lagoon during periods of heavy
rainfall.

Resumo

O objetivo deste estudo foi avaliar a influéncia fdéores ambientais sobre a distribuicdo e
abundancia de peixes na lagoa costeira Mar ChigligtacGes sazonais de amostragem de peixes
foram distribuidas ao longo da lagoa e agrupadadrésnzonas de uma zona de aguas Mixo-
oligohalino com elevado aporte de agua doce para zwna de aguas Mixo-eurihaline com alta
influéncia da agua do mar. Uma zona de aguas Miseimelino caracteriza a parte do meio da
lagoa. Os resultados mostraram que a composicapeainas foi dominada por espécies marinhos
estuarinos dependentes (ED) em todas as trés zenem todas as estacde@dontesthes
argentinensis, Brevoortia aurea, Mugil liza Micropogonias furnieriforam as espécies mais
representativas. A categoria seguinte mais imptatdoi peixes de &agua doce (FW), com
Platanichthys platanae Jenynsia multidentatsendo as espécies mais representativas. De acordo
com o melhor modelo selecionado pelo ajuste de loedmeares generalizados, a abundancia de
ED aumentou de acordo com a temperatura da agaatduo verdo e outono, em todas as trés
zonas. A maior abundancia foi registrada na zona&gies mixo-eurihalinas. Por outro lado, a
abundancia de FW aumentou com o aumento da pldeidsie também quando os ventos de diregao
leste sopraram. Em concluséo, a utilizacéo diféaédo habitat pelas espécies que ocorrem na lagoa
costeira Mar Chiquita foi observada. Poucas espéti2 dominaram a composicdo de espécies de
peixes, enquanto FW fizeram uso da lagoa quandcoadi¢des de alta pluviosidade foram
observados.

Descriptors: Fish distribution patterns, Estuargrevironments, Generalized linear models, Mar
Chiquita coastal lagoon.

Descritores: Padrdes de distribuicdo de peixes, iéms estuarinos, Modelos lineares
generalizados, Lagoa costeira Mar Chiquita.
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INTRODUCTION inlet 6 km long and 200 m in width links the lagdon
the ocean (RETA et al.,, 2001). Sea water inflow
depends on the tides and also on wind direction and

Coastal lagoons are shallow estuarindntensity, the largest inflows have been recorded t

environments where salt and fresh water interhaet, t occur under the influence of strong southeasterly
water mass is impounded by some type of sedimentawinds (OLIVIER et al., 1972). Freshwater inflows
barrier and the connection with the open sea igre due to several artificial channels and streafis,
restricted to one to several openings (inlets)Ha t which Vivorata stream is one of the largest and the
barrier maintained mainly due to the action of ltidaonly one reaching the inlet of the lagoon (OLIVIER e
currents against the effect of wave-generatedl., 1972). Temperature and salinity are extremely
longshore currents (ISLA, 1995). In particular, kbo  variable, the latter having a horizontal gradidRETA
coastal lagoons are characterized by the diffuset al., 2001; GONZALEZ CASTRO et al., 2009). This
transport which is the principal process involvedagoon acts as a refuge and feeding ground fomnjleve
in flushing the lagoon (KJERFVE; MAGILL, 1989). fish during their critical development stages, énid
Estuaries and coastal lagoons constitute ecosysiemsalso used by adult fish for feeding and likely as a
biological and ecological importance in both trgpic Stopover site along their migratory routes
(BLABER, 2000) and temperate (ELLIOTT; (COUSSEAU et al., 2001; VALINAS et al., 2010).
HEMINGWAY, 2002) habitats. These habitats haveTemperature and salinity have been identified as
high fish productivity (DAY; YANEZ-ARANCIBIA, important factors affecting the distribution of timain
1985; COUSSEAU et al., 2001) and play an importarfish species within the Mar Chiquita coastal lagoon
role in biological and reproductive cycles of many(GONZALEZ CASTRO et al., 2009). However, there
marine species (GALVAN-PINA et al., 2003). Alsois little information regarding the effect of weath
these shallow bodies of water are exposed to devendriables coupled to water properties on the fish
physical variations mainly of temperature and slin distribution.
(ISLA, 1995), and biological variations such as The aim of this study was to assess the
predation, competition and refuge (GIBSON, 1994)influence of environmental factors, such as water
which lead to particular adaptations of the assedia temperature, salinity and depth, as well as rdinfal
ichthyofauna, affecting the distribution of thewind direction and wind speed on both fish
organisms in these habitats (ELLIOT:; distribution and abundance in the Mar Chiquita cast
HEMINGWAY, 2002). lagoon.

The relationship between environmental
factors and the distribution of organisms within MATERIAL AND METHODS
estuarine environments has received considerable
attention. Because fish are one of the dominant anacr Sampling and Environmental Data
faunal components of estuarine biota, many studies
have focused on their distribution patterns (BLABER,; Monthly fish samplings were carried out
BLABER, 1980; MARSHALL; ELLIOTT, 1998; petween February 1996 and January 1998 and then
WHITFIELD, 1999; AKIN et al, 2005; grouped by season. A total of 8 sampling statidig. (
SELLESLAGH; AMARA, 2009). Several parameters 1) were selected, distributed along the lagoorhiad
influence the differential distribution of both the areas according to different environmental
juveniles and adults of fish species. The relativgharacteristics related to horizontal salinity mng
importance of each factor differs according to th COUSSEAU et al., 2001). Sampling station (St.) 1
species (BLABER; BLABER, 1980). Knowledge and(Channel 7 mouth) and St. 2 (San Antonio)
understanding of estuarine habitat use by juverdes corresponded to zone 1, with mixo-oligohaline
important for ~ the improvement  of conservationwater, little marine influence buta considerable
policies with a view to preserving these ecolodjcal contribution of freshwater from the streams and
important environments (SELLESLAGH; AMARA, channels that flow into the lagoon. St. 3 (Punta
2009). Ondina), St. 4 (Punta Pejerrey), St. 5 (Galan) 3nd

The Mar Chiquita coastal lagoon (37°32'S,(Vuelta de Goémez) corresponded to zone 2, with
57°19'W, Argentina; a UNESCO Man and themixo-mesohaline water, in the middle part of the
Biosphere Reserve; UNESCO, 1996) is a 46-koty  |agoon. St. 7 (The Yacht Club) and St.8 (Mar Chiquita
of brackish water affected by semidiurnal lowcoastal lagoon mouth) corresponded to zone 3, with
amplitude (<1m) tides (RETA et al., 2001) and ismixo-eurihaline water and great marine influence.
characterized by mudflats and surrounding marsheSampling stations were taken as replicates of each
dominated by the cordgraSpartina densiflorale.g.  zone of the lagoon. Because of logistical difficesti
ISACCH et al., 2006) and the burrowing crabzone 1 could not be sampled in winter 1996.
Neohelice granulatgée.g. IRIBARNE et al., 1997). An
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environment to complete their life cycles), occasio
Afnoeurtir;a marine visitor fish (OV) and freshwater fish (FW).

Fish abundance variability related to
environmental factors was assessed using the
generalized linear models (GLMs) (VENABLES;
RIPLEY, 2002). For each ecological category, models
were built with the number of fish captured as the
response variable and the zone of the lagoon (zbnes
2 and 3), season (summer, autumn, winter and spring
1996 and 1997), temperature (°C), salinity, depth (
rainfall (mm), wind direction and wind speed (ki) s
as independent variables. Since models had larger
variance-mean relationships and many zero values
o characterized the samples, a negative binomial erro

antic . . . . .
Ocean distribution and a log link were specified
(CRAWLEY, 2005). Model parameters were obtained
by maximizing the maximum likelihood (CRAWLEY,
2005).

Each model consisted of possible
combinations of the above indicated environmental
factors. To select the model that best explained th
abundance of a given ecological category, a mekipl
57°15W hypothesis model approach was used (FRANKLIN et
al, 2001; JOHNSON; OMLAND, 2004). For each
Fig. 1. Map of Mar Chiquita coastal lagoon withation of ~ €cological category, the Akaike Information Criterio
the sampling stations (St.). The inset shows tieation of  (AIC) of all the models considered was calculated an
the study area in South America. St. 1: Channeb@tm St.  the model with the lowest AIC was selected as tis¢ be
2: San Antonio, St. 3: Punta Ondina, St. 4: Puefarfey, St.  (FRANKLIN et al., 2001). Each model was weighed
5: Galan, _St._6: Vuelta de Gomez, St. 7: The Y&ibb, St. against the others using Akaike weightg),(which
8: Mar Chiquita coastal lagoon mouth. gives an estimation of the likelihood of the maslel

. . fitaccording to the data used (ANDERSON et al

An 18 m long, 1.8 m wide nylon beach selne?zé)oo; FRANKLIN et al, 2001 JOHNSON:

net with a 12 mm stretch mesh size a}nd 4 m'cod e MLAND, 2004).
was used to collect the samples during 3 min hauls

parallel to the shoreline. Fish were identified to REsULTS

species level, counted and measured to thestea ) . ) .

1 mm body length. The depth was recorded at each Fish Composition and Ecological Categories
sampling station. Also water temperature (measured Overall 30,068 individuals belonging to 16

°C) and salinity (measured using the Practical 8@lin families and 28 species were collected during the
Scale) were recorded using an alcohol thermometetudy period. The highest average abundance was
and a Hydrobios refractometer, respectively. Rélinfa recorded in zone 3 with 222.70 (+ 690.05) individua
wind direction and wind speed were obtained fronwhile the lowest was recorded in zone 2 with 7§86
Mar Chiquita's Meteorological Davis Instruments 93.45) individuals.
Weather Monitor Il model Station. Fifteen of the 28 species collected occurred

Data Analysis in zone 1 .(Table 1) Mugil Iizg and Odontgsthes

_ _ . . argentinensisvere the only species collected in all the

To categorize the fish composition within samples, the latter being the most frequent (100%F)

the coastal lagoon, fish species were grouped ifng abundant (130.42 + 168.17) in this area; fadidw
ecological categories (Table 1), following Whitllel py M. liza (14.73 + 39.15)Brevoortia aurea(6.24 +
(1998) and Moyle and Cech (2004), and classified asg 75) Jenynsia multidendat45.06 + 16.75) and
estuarine resident fish (ER) (those that inhabilyicropogonias furnieri(2.79 + 9.72). Other species
estuarine waters throughout their life cycle), @ste  present in this area rendered an average abundénce
dependent marine fish (ED) (marine species whieh aless than 1. The freshwater speci€sesterodon
predominantly found in lagoons at some stage df theqecemmaculatysOligosarcus jenynsji Pimelodella

life cycle), estuarine nondependent marine fish )(ENjaticepsandRhamdia quelemvere only present in this
(species commonly found in both estuarine and abast;gne.

inshore areas and do not depend upon estuarine
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Table 1. Species; ecological categories (EC): aenakmarine visitor fish (OV), estuarine nondepemdmarine fish (EN),
estuarine dependent marine fish (ED) and freshviiste(FW); occurrance percentage (%F); averag@ddmce (Average ab.);
size range as body length (Size rg.) and ontogesgige (Stg): juvenil (J) and adult (A) of fishlected by zone during the
study period.

[Species |[Ec ]| ZONE 1 || ZONE 2 I[ ZONE 3 |
Average ab. ||Size rg. Average ab. |[Size rg. Average ab. Size rg.
0 0, 0
| || YoF ‘ (mean * SD) | |(mm) Stg. YoF (mean +SD) ||(mm) Stg. YoF (mean + SD) ||(mm) Stg.

[Anchoa marinii|[ov | I[- ||:||091 [[oorz000 |[a0 |[ 3 ][ - | - -]

Lycengraulis 6. SGH 0.81+7. 04“ SB-lHJ, A H 12.16 || 0.24+0.84 ” 47-225*

= ||303 Hoomn I

grossidens

Brevoortia aurea ||ED ||21.21H6.24128.75 || 35-85 ‘-‘ 48.1 18.93142.H1 25-3H1 A .],H67.57 ||é;2:ﬁi ”20 120 |H
[Pratanichthys platana [Fw |[15.15([0.33+1.02 |[34-70 |[ A || 1455/ 1.00+382|[ 306§ A|[ 20.73383:086 |[30-80 |[ A |
[Ramnogaster arcuatd [ED  |[- |- [[- |[- 1[5:45 |[ 064420 |[ 4070|[ A |[ 541 165458 [[a088 |[A |
ﬁgﬁr‘]’gﬁme”cus ||FW ||6.06 H 0.06 +0.24 || 58-69 ‘n‘ 4.55H 0.0810.43” 54-7H H4 05 ||015+077 ” 51-91 |.

[cheirodon interruptud [Fw | [3.03 |[0.03x0.17 |[ 46 |[ A || |[ 135 |[ oo1:xo012][1 4

|[ - [ -
Hyphessobrycon ||FW ||3.03 H0.0310.17 || ‘.‘ H - H - || H 1.35 || 003+023” 1-61 |.
anisitsi

| | - |[_-

[otigosarcus jenynsii |[Fw |[6.06 |[0.24x1.23 |[ e5-87 |[ 3 ||

[Rhamdia quelen  |[Fw |[3.03 |[0.08x0.17 |[ 5488 |[ 3 |[ - | - [ - || || - || - [ - ||:|
[Pimelodelia laticeps |[Fw |[9.00 |[0.21x080 |[ 87 |[ 3 |[ - |[ - | | e |
[Mugil liza |[ED|[54.55|[14.73 + 30.15| [ 30-440 |[ 3 |[ 2458 175+969| 24543 A 3[[24.32 |[1.86+5.88 || 21-455[ 4, A
g‘;‘;ﬂi‘fﬁ;ﬁiﬁs ||ED ||1oo Higg:‘gi ||35-220 “ 9% H 45.67166.9” 40-32H 3, ;H Bl.OH 52.95.96 ” 20-296|
[odontesthesiincisa |[EN” | I[- |[- ][o91 |[001z009 |[ 83 |[ 3 |[ 135]] o03x256 [[09B |[3 |

[Jenynsia multidentatd [Fw |36 36| |5 061675 |[ 1875 |[ A |[ 727 || 007+0.26| 427d[ A|[ 5.41[[0.07x030 | 4555 |[ A |

Cnesterodon
decemmaculatus ||FW ||303H003+017 || %0 ‘.‘ H ) || . H . || ) |D

[Diplectrum radiale  |[ov | |E|E || I[- [ 1[135 |[oo1x012 || 39
[Dules auriga |[ov ||- ||- ||- |[- 1[oo1 [[oo1z009 [[ 62 |[ 3 |[ - | - B ||:|
[Pomatomus saltatrix | [ov |- /- I[- |[- ][00 |[o01x009 |[ 156 |[ 3 || - B ||:|
[cynoscion guatucupd [EN|[-[- I[- |[- 1[273 |[ 004023 || 72-108| J 135|[  0.0110 ||35

Menticirrhus
mwcane__ | b - [l (et [foorsom [l | H L- ID
m'rf]'i‘;ffg""'as ||ED ||909H279+979 || 21-90 ‘.‘ 227 555+23%+ m-1||J H35.14 || 1.53 +4.01 ” 26-225*

[Pogonias cromis |[ED | I[- [ 11 I[- [[- |[135 [ 0032023 |[ e2902| ]
[Umbrina canosai | [EN || || I[- | | || [ [135 |[004x035 |[ a9060][ ]
|Austra|oherosfacetu4|FW || H:H || ||- ||135 ||001+012 || 59 -
Ef&:':f;‘;zﬁz ||ED ||2424H03+059 ||5680 ‘.‘ 2364H 065+153H 30-4(H) J,H 081 ||o77+149 ” 2ozo7|.
|oncopterus darwinii |[ED | |[- |[- 1[273 ][ 005028 | 65-10d] 4 |[ 2433 oemar |[25-132([J |
[Symphurus jenynsi | [EN ||- ||- I[- |[- 1[545 |[009039 |[ 45-05][ 3 |[ 135]] ooimo [[7a  |[3 |

Eighteen  of the 28 species collectedargentinensiswas the most frequent fish species in
occurred in zone 20dontesthes argentinensigas  this area (81.08%F)Brevoortia aureawas the most
the most frequent (90%F) and abundant (45.67 abundant (178.85 * 626.11), followed b®.
66.91), followed byBrevoortia aurea(18.93 + argentinensis (32.55 + 75.96) andPlatanichthys
42.11), Micropogonias furnieri(5.55 + 23.26) and platana (3.88 * 9.86. Australoheros facetus,
Mugil liza (1.75 = 9.69). Anchoa marinii Dules Diplectrum radiale, Pogonias cromiand Umbrina
auriga, Menticirrhus americanys Oncopterus canosaiwere only present in this zone.
darwinii andPomatomus saltatriwere only present in In terms of ecological categories, fish
this zone. composition was dominated by ED species in alhef t

A large number of species were recorded idagoon's three zones and in all the seasons of the
zone 3 (20 of the 28 collected). Althou@ontesthes year, and they accounted for 96.24%, 98.24% and
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97.97% of the overall abundance of zones 1, 2 and Biost numerous speciesin this category were
respectively; followed by FW species, whichBrevoortia aurea Odontesthes argentinensibugil
accounted for 3.76%, 1.53% and 1.86 % in each zonkza and Micropogonias furnieri However,
respectively; EN species with 0.19% and 0.16% irmbundances of these species were higher in 1997 tha
zones 2 and 3, respectively and OV species wittn 1996. Brevoortia aurea O. argentinensisand M.
0.03% and 0.01% in zones 2 and 3, respectively. Niurnieri were the species which most contributed to
ER species were collected during the study periodhe high abundance recorded in sumninevoortia
The two most important ecological categories wer@aureawas the most abundant species in zone Xand
clearly dominated by few species: ED ®gdontesthes argentinensisn zones 1 and 2.

argentinensis Brevoortia aurea Mugil liza and

Micropogonias furnieriand FW by Platanichthys Table 2. The best minimum model used to explainagste
platanaandJenynsia multidentata dependent marine fish (ED) species abundance tiftn.

The intercept and coefficient + standard error (3@)the
variables are givenk: season of the yea#;: zone of the

Environmental Factors -
lagoon;T;: water temperature.

A wide range of salinity values were  Variable Class variable Coefficient + SD
observed in zones 2 and 3 (2— 33), while in zotleel '"teEfCEPt Aute7 (;‘-g‘;ff(?g‘fz
salinity range was slighter (0— 5) (Fig. 2a). Water ! Sl;)t|'96 1160 + 0.384
temperature values were in accordance with seasonal Spro7 -0.549 + 0.392
trends (Fig. 2b), with the highest values in warm Sumo6 -0.650 + 0.457

0 i Sum97 0.929 +0.411
mo_nthso(max. 2_6 C) and the_ lowest in cooler_months Winos 2150 £ 0.429
(mln. 3°C). Ra!nfall was quite abundant durlng. the Win97 10,086 + 0.342
spring months in both years. However, heavy rdinfal Z Zone2 -1.003 £ 0.243
characterized 1997, especially the winter monthg. (F . Zone3 00653i1+i00'()22576
2c). Northerly winds predominated throughout the ' — ==
year with average speeds of 8 to 12 kin h 500
25 b 2 ;
= E ¥ 400+ *
E H
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° 3004 = o "
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o - i T ; 0,
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ol © ‘?_ Fig. 3. ED species abundance related to water temhpe
" EEEEE: and zones of Mar Chiquita coastal lagoon, estiméed
B3 2 X222 EZ . . . . .
3 <z ag<za Generalized Linear Model with a log link and negati

binomial error distribution. Solid line and openct, zone 1;
dashed line and gray solid square, zone 2; dotted dnd
asterisk, zone 3.

Fig. 2. Spatial variation in a) water salinity, atemporal
variations in b) water temperature and c) waterraye
rainfall in Mar Chiquita coastal lagoon during tiseudy

iod.
perio The model (AIC = 692.15y = 0.499) which

Ecological Categories in Relation to Environmefattors ~ best  explained  the FW species abundance
distribution pattern included rainfall, wind dirgant,
Variation in ED abundance was related toseason and zone sampled during the study period
spatial and temporal patterns. The model (AIC = ZTable 3). According to the model, the abundance of
395.5;w = 0.582) which best explained this patternFW rose as rainfall increased in all three zonethef
included water temperature, season and zone samplégoon, being greatest in zone 1 (Fig. 5a). A rise
during the study period (Table 2). According to thén abundance was also observed when easterly winds
model, the abundance of the ED categorplew (Fig. 5b). Even though FW fish were more
increased with water temperature in all three zafes numerous in 1996, FW abundance was higher during
the lagoon (Fig. 3). ED fish were abundant duringhe spring months in both years (Fig. 6). FW specie
summer and autumn in all three zones (Fig. 4). Thwere more abundant in the autumn than in the summer
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months of 1996, in contrast to what was observed in
1997. The most representative species of this oateg
werePlatanichthys platanandJenynsia multidentata 154
The latter was highly abundant in 1997, whike
platana was more abundant in 1996lenynsia
multidentatawas the species which most contributed
to the highest abundance of this category, obsearved
zone 1, whileP. platanawas more abundant in zones
2 and 3.

FW abundance

7004

@ Zone 1
M = Zone 2 0
600+ o Zone 3

500

Om

400 M

300

ED abundance

2001
1001 I:H
0,
©
(o2}
2
>
n

Fig. 4. ED species abundance related to seasonzoaed of
Mar Chiquita coastal lagoon, estimated by a Geizexl )
Linear Model with a log link and negative binomiairor Average rainfall (mm)
distribution.

FW abundance

©

(o2}
]
Q.
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N~

(<]
=
Q
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AUtos
Win96 E

Sum97 ‘—
Auto7 ‘F
=

Fig. 5. FW species abundance related to averagdalai
EN and OV species abundance distributiorvind direction and zones of Mar Chiquita coastajolan,
could not be modeled due to the fact that botfgStimated by a Generalized Linear Model with aliolg and
categories together contributed less than 1% of tHi9ative binomial error distribution. &) Solid liaed open
. circle, zone 1; dashed line and gray solid squaoee 2;
total . catch.  However, 't, was observed th?.t tmaott(ed line and asterisk, zone 3. b) Solid line apen circle,
species of these two categories were more abuimtianteastern wind; dashed line and black solid trianglestern
1997. Most of these fish were more numerous duringind; dotted line and gray solid square, northeindwdot
the warm spring-summer period with waterand dashed line and asterisk, southern wind.
temperatures of up to 16°C, except fodontesthes
incisa which only entered the lagoon during the

autumn months when water temperature were below 20
10°C m Zone 1
. @ Zone 2
o Zone 3
Table 3. The best model used to explain freshvister(FW) o 17
species abundance distribution. The intercept aedficient 2
+ standard error (SD) for the variables are gid&nseason §
of the year;Z: zone of the lagoon: wind direction;R: 3 107
average rainfall. ©
=
[T
Variable Class variable Coefficient + SD 5
Intercept 4.609 + 0.957
E Aut97 -2.102 +0.702
Spro6 2.393 +0.891 L:’
Spro7 -1.665 + 0.745 0- Lo
Sumos -1.042 +0.725 8 8 &8 8§ 5 58 & &
Sumg7 -2.824 £ 0.779 E 5 £ & E 5 £ &
Win96 -1.856 + 1.002 g < 2 0 3 < =2 0
Wing7 -3.063 + 0.881
z Zone2 -2.635 + 0.468 ) .
Tones e s Fig. 6. FW species abundance related to seasorzoaes of
W North -2.249 £ 0.781 Mar Chiquita coastal lagoon, estimated by a Geizedl
South -5.383 + 1.679 Linear Model with a log link and negative binomidror

West -2.259 £ 0.984 .. .
R 0.581 + 0.177 distribution.
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Discussion spring to early summer (MACCHI, CHRISTIANSEN,
1992) and juveniles move into estuaries and stseam
Fish Composition and Ecological Categories from the sea (COUSSEAU; PERROTA, 2004). The

low abundance found during winter may be due to the

The fish fauna of estuarine systems has longigration between the estuarine zone and the atjace
been regarded as dominated by estuarine-dependentsgawater, which begins in late autumn (HOZBOR;
estuarine-opportunistic marine species, with edoldg GARCIA DE LA ROSA, 2000).
counterparts replacing particular species along a FW species abundance was higher in zone
geographical latitudinal gradient (VIEIRA; MUSICK, 1, where the contribution of streams and chanisels
1994). During the study period, ED species clearlgonsiderable and tide effect is insignificant
dominated the fish composition of Mar Chiquita(MARCOVECCHIO et al., 2006). The abundance of
coastal lagoon as had previously been observekin tthis category increased notably with heavier rdiinfa
study area (OLIVIER et al., 1972; COUSSEAU et al. when the volume of the flow into the lagoon is
2001; GONZALEZ CASTRO et al. 2009), as well asgreat, and also when easterly winds blew. These
in similar estuarine systems in Asia (AKIN et al.,abiotic effect factors are important during theirsgr
2005), Africa (SIMIER et al., 2006; TREVOR; and summer months when rainfall is at a maximum
WHITFIELD, 2006), Europe (VEIGA et al., 2006) (RETA et al., 2001). Moreover, FW species were
and South America (LOEBMANN et al., 2008). Thismore abundant during the warm spring-summer
feature may be due to a high tolerance to salinitynonths, thus corroborating the results of previous
variation (OLIVIER et al., 1972; JAUREGUIZAR et studies undertaken in similar  environments
al., 2003; VEIGA et al., 2006). Although ED was the(COUSSEAU et al., 2001; GARCIA et al., 2003;
dominant category everywhere in the lagoonVEIGA et al., 2006). It was also observed that they
mainly because of its four most numerous spedies, iwere more abundant during 1996 than in 1997, in
highest abundance was observed in zone 3, close @@ntrast to ED species. Although during 1997
the mouth of the lagoon characterized by considerabheavy rainfall was reported, higher salinity water
marine water influence. Its abundance was twice thaalues were observed in zone 1 than had occurred
found in zone 2 and three times that of zone 1. in the previous year. This might indicate that some

Brevoortia aureawas more abundant during factor was restricting the discharge of continental
the summer and autumn months. According tevater into the lagoon. Southwesterly or southelster
Cousseau and Perrota (2004), the species reprodu®égsds limit the discharge of water from the lagoon
from late October to late December, and in Januampto the sea (RETA et al., 2001) increasing the mau
larvae and post larvae of between 15 and 20 m®f water inside the lagoon and possibly reducing
remain on the coast of Mar del Plata city (32 knthe discharge from the tributary streams. This woul
southwest of Mar Chiquita). Juvenile and adult stageestrict the distribution of FW species inside ¥ar
were collected during the study period, indicatihg Chiquita coastal lagoon. In contrast, Garcia et al.
use of the lagoon as both nursery and feeding grourf2003) observed that FW species were more abundant
after reproduction. than ED species during rainy years in Los Patos

Odontesthes  argentinensiswas more lagoon (Brazil).
abundant during the warm spring-summer months,
especially in zones 1 and 2, and larger sizes were Ecological Categories Related to Environmental étact
present in zone 2. Gonzéalez Castro et al. (2009)dou
ripe and spent females in inner zones of the lagoon The effects of water's physico-chemical
from winter months to spring months, suggestingroperties on fish community distribution, abundanc

possible reproductive events within the Mar Chiquitea"d composition in estuarine ecosystems have been
coastal lagoon. studied by various authors in both temperate

Mugil liza was more abundant in zone 3,(YOUNG et al., 1997; PAPERNO; BRODIE, 2004)
near to the mouth, during summer monthsand  tropical and  subtropical  environments
corroborating previous observations (ACHA, 1990{CASTILLO-RIVERA et al., 2002; BARLETTA et
COUSSEAU et al., 2001). However, it was alscdl-, 2005; SIMIER et al., 2006), water temperatame
collected in all three zones throughout the studgalinity being the two main factors affecting fish

period - with peaks in the spring months in zones @istribution among and within estuarine environrsent
and 2. Moreover, Araujo and Costa de Acevedo (2001) have

Only juvenile stages ofMicropogonias established that coastal lagoons present a marked
furnieri were collected in all three zones of thestable salinity gradient, which is the main deterant
lagoon. Higher abundance of this species was redord©f fishes' spatial distribution in these systenting
during summer months in zone 2. Only large sizedirectly on the osmotic potential of the organiside.
were collected in zone 3. Reproduction occurs fronfnfluence was observed, during this study, of water
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salinity on the fish abundance distribution modelmentioned previously by Reta et al. (2001), who
whether for ED or FW species. In general, ED specieobserved that mean water temperature values
were present throughout the lagoon. Althougttorrelated to the air temperature thermal cycle and
the larger number of FW species were collected imeather conditions. It was also observed that & th
zone 1, where the lowest salinity values werévlar Chiquita coastal lagoon shallow depth allows
registered, Platanichthys platanawas the most more rapid thermal changes in response to changing
abundant in terms of number of individuals in z8e weather conditions than occur in deeper waters
close to the mouth and where the highest watamigali offshore. Water temperature was an important factor
values were recorded. The influence of Vivoratdn the ED species distribution model. It was obedrv
stream in terms of water discharge to the coast#that fish abundance increased with temperaturenguri
lagoon, as has been mentioned before, would altew t spring-summer months, thus corroborating previous
occurrence of FW species near the mouth of theesults obtained in similar environments (SUDAlet a
lagoon. That was the case of the euryhaline-fisR002; GARCIA et al., 2003; FRANCO et al., 2006;
Bryconamericus iheringii  and Jenynsia POMBO et al., 2005; VEIGA et al., 2006). This event
multidentatawhich have been recorded in this regionhas been mainly attributed to the arrival of mapne

and had also been mentioned previously in the studyvenile specimens of species that spawn in late
area (AZPELICUETA et al., 1998) and severalwinter-early spring. High abundance of adult stages
Argentinian water bodies (MAC DONAGH, 1936; was also recorded during these periods of the year,
1937). Therefore, the high abundance of b&h which may be due to migration into the Mar Chiquita
iheringii andJ. multidentatain those zones with high coastal lagoon for feeding purposes once reproatucti
salinity values would be masking the real behawior has taken place.

this fish category, since the rest of the FW specie According to the size range capture, eight
were not collected in water with salinity values ofED species of the nine collected were represenyed b
above 5. juveniles. This emphasizes the importance of this

Conversely, Paterson and Whitfield (2000)ecosystem as a nursery ground where fish findldeita
found that neither water salinity, nor temperatangl conditions for their development (VEIGA et al.,
turbidity were correlated with fish distribution the 2006), better feeding conditions, optimal growth,
Kariega estuary (South Africa), concluding thahfis refuge and high connectivity with other habitats
distribution is more closely correlated to wateptthe (BECK et al., 2001). However, little is known
In this study no contribution of water depth toaboutthe patterns of use of this coastal lagoofishy
the explanation of fish species distribution wagni, in their early life stages such as would give leter
probably due to the shallow depths registered & thunderstanding of the role of the lagoon in fishiés'
lagoon. The average depth of zones 1 and 2 wdsstory, a question into which further investigatio
between 0.8 and 0.9 m. The little depth leads & thshould be encouraged.
rapid mixing of the freshwater coming from tribytar The presence of EN and OV fishes seemed
streams with that advected from the estuarine regico depend on weather conditions that favor the
(i.e. zone 3) to marine coastal water by meansinflw intrusion of great volumes of sea water, as has
action. Thus, salinity variation depends on tidereviously been observed in the study area
characteristics, wind direction and intensitgnd (GONZALEZ CASTRO et al.,, 2009) where several
freshwater volume present in the lagoon (RETA et alspecies of both categories have been found near the
2001). The brusque changes that characterize theswuth of the lagoon with high water salinity values

environments (MOYLE; CECH, 2004) allow the Results obtained during this study
occurrence of only those species capable of tahgrat established that a differential habitat use by igsec
these particular physical events. that occur in the lagoon is found. Few ED species

Thiel et al. (1995) found water temperaturedominate the fish composition. One group consifts o
to be the best predictor of temporal changes ih fisthose fish species (e.gddontesthes argentinensis)
abundance and species composition in the Elbergstuaapable of swimming towards inner areas with mixo-
(Germany). Temperature has been identified as traigohaline waters. On the other hand, some fish
primary abiotic factor controling the key species (e.g.Brevoortia aureq remain near the
physiological, biochemical and life-history process lagoon's outlet to the sea. FW species make usigeof
of fish (BEITINGER; FITZPATRICK, 1979), and has lagoon under conditions of heavy rainfall when
been found to influence the utilization of estusiiy  freshwater drainage occurs but only in areas where
fishes worldwide (THIEL et al., 1995; HARRISON; tidal action is barely noticeable. However, several
WHITFIELD, 2006). Generally, fish have a thermalother potential factors involved in structuring hfis
preference that optimizes physiological processeasssemblage distribution within estuarine
(SELLESLAGH; AMARA, 2008). Here, this variable environments, such as food availability (KNEIB,
ranged according to a seasonal trend as has beE®97), dissolved oxygen and turbidity (GARCIA et
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al., 2003; POMBO et al., 2005) or biological BLABER, S. J. M.; BLABER, T. G. Factors affectinbet
interactions (group behavior, competition and distribution of juvenile estuarine and inshore fishFish

predation) (MARTINO; ABLE, 2003), should be _ Biol,v.17, p. 143-162, 1980.
considered in further studies. CASTILLO-RIVERA, M.; ZAVALA-HURTADO, J. A

ZARATE, R. Exploration of spatial and temporal
patterns of fish diversity and composition in aptoal
estuarine system of MexicRev. Fish Biol. Fish, v. 12,
p. 167-177, 2002.

COUSSEAU, M. B.; PERROTA, R. Reces marinos de
Argentina: Biologia, distribucién, pesca 3". ed. Mar
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